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This study was conducted to determine the effects of different depth three drip
irrigation systems (surface drip irrigation (SDI), subsurface drip irrigation (SSDI-
30 and 40 cm) and different amount of irrigation water [125%, 100% and 75%
of crop evapotranspiration (ETc)] on cotton wilt disease (Verticillium dahlia). The
study was conducted in Diyarbakir in 2016-2017. According to the average results
(2 experimental years), there were considerably differences between different
depth drip irrigation systems and amount of irrigation water. The highest disease
severity (DS) (1.29) occurred in surface drip irrigation system application. The
lowest disease severity (0.88) was obtained from the SSDI-40 cm. In addition,
as long as increasing amount of irrigation water, the DS increased. Considering
the disease rates (DR), there was no statistically significant difference between
different drip irrigation systems. However, the highest rate of disease among drip
irrigation systems (51.9%) was observed in the parcels where the surface drip
irrigation (SDI) system was applied. The disease rate has increased with the
increase in the amount of irrigation water. Cotton wilt disease severity and disease
rates according to the amount of irrigation water were found to be statistically
significant in both years of the study. In the study, the highest disease rate value
(72.6%) was obtained from the parcels where 125% of the plant water consumption
was applied. In order to control cotton wilt disease in the contaminated areas,
subsurface drip irrigation and amount of irrigation water as well as actual crop
evapotranspiration should be applied.

GIRIS

Pamuk, tlkemizin en onemli tarimsal drtunlerinden biri
olup, birgok sanayi kolunun hammaddesini olusturmakta,
ozellikle lif, yag ve kiispesinden yararlanilmaktadir. Tiirkiye
diinyada pamuk ekim alani bakimindan 2019 yili verilerine

gore, 520.000 hektarlik alan ile 11. sirada, 977.000 ton lif

tiretimi ile 6. sirada ve 1.944 kg/ha lif verim ile 5. sirada yer
almaktadir. Tiirkiye pamuk ihtiyacinin %63’linil i¢ tiretim
ve %37sini dig alim ile karsgilamaktadir (Anonim 2020).
Ulkemizde halen dért ana bolgede; Glineydogu Anadolu,

Ege, Cukurova ve Antalyada pamuk iiretimi yapilmakta ve
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ekim alanlarinin %60.46’s1 Giineydogu Anadolu Bolgesinde
yer almaktadir (Anonim 2020).

Pamuk tarimini olumsuz yonde etkileyen birgok faktor
bulunmaktadir. Bu faktorlerden biri de hastaliklardir.
Pamukta farkli etmenlerin neden oldugu, 20 kadar 6nemli
hastalik zarar yapmaktadir. Ancak, pamukta goriilen
hastaliklar igerisinde, tiim diinyada en yaygin olarak goriilen
ve en tahripkar olan1 Verticillium dahliae Kleb. fungusunun
neden oldugu solgunluk hastaligidir (Pegg 1984). Bu
fungusun iki patotipi saptanmustir. T1 patotipi siddetli
yaprak dokiimiine neden oldugu halde, SS4 patotipi yaprak
dokiimiine neden olmamaktadir (Le et al. 2020, Pullman
and DeVay 1982). Tiirkiyede her iki patotip de saptanmus,
ancak Giineydogu Anadolu Bolgesinde, pamuk ekilis
alanlarinda daha ¢ok SS4 patotipi yayginlik gostermektedir
(Gore ve ark. 2007).

V. dahliae fungusu cesitli familya ve cinslere ait g¢ok
genis bir konukeu dizisine sahip olup, 400den fazla bitki
tiriinde hastalik yapmaktadir (Schnathorst 1981). Hastalik
etmeninin konukgular: arasinda, tarla bitkileri (pamuk,
patates, susam), cesitli sebzeler (domates, biber, patlican,
bamya, kavun, karpuz, enginar, lahana, karnabahar, marul),
bazi meyve tiirleri (zeytin, seftali, kaysi, ¢ilek), siis bitkileri
(g, krizantem) ve yabanci otlar (domuz pitrag, horozibigi,
pireotu) yer almaktadir (Bhat and Subbarao 1999, Esentepe
et al. 1972, Joaquim and Rowe 1990, Karaca ve ark. 1971,
Kocatiirk ve Karcilioglu 1979, Saydam et al. 1971, Saydam
et al. 1973, Saydam and Copgu 1972, Saydam and Kamal
1970).

Bir toprak patojeni olan, Pamuk solgunluk hastaliginin
etmeni, V. dahliae fungusu kis1 toprak ve bitki artiklari
tizerinde mikrosklerot halinde gegirebilmekte ve 13 yil kadar
uzun bir siire canliligini siirdiirebilmektedir (Schnathorst
1981). Fungus, bitkiyi 6zellikle kok ucundan veya hipokotil
kisminda enfekte etmektedir. Enfeksiyondan sonra fungus
hiicre ig¢inde ve hiicreler arasinda yayilarak ksilem iletim
demetlerine kadar ulagsmaktadir. Burada olusturdugu
konidi ve miseller ksilem iletim borular: boyunca, bitkinin
yaprak ve tepe noktalarina kadar ulagmaktadir. Bitkinin
iletim demetlerinin tikanmasi sonucunda bir siyahlagma
ve kahverengilesme, yapraklarda ise solma ve porsiime
seklinde belirtiler ortaya ¢ikmaktadir. Hastaliga erken
donemde yakalanmus bitkilerin boylar: kisa kalmakta, koza

say1s1 ve buytikliigiinde azalma olmaktadir (Anonim 2008).

Pamukta Verticillium solgunlugu sebebiyle verim kaybi
Kaliforniyada %75, Rusyada %8-10 ve Suriyede %4 olarak
saptanmistir  (Bejanaro-Alcazar et al. 1995). Pamuk
solgunluk hastaligs, Tiirkiyede ilk olarak Manisa Kirkagag'ta
saptanmugtir (fyriboz 1941). Ancak, daha sonra yapilan

bir bagka ¢alismada etmenin Verticillium dahliae Kleb.
oldugu (Karaca ve ark. 1971) bildirilmistir. Ulkemizde farklt
bolgelerde, pamukta solgunluk hastalig1 konusunda yapilan
galismalarda, hastaligin yayginlik orani ve iiriin kayiplarinin
farkli oldugu belirlenmistir. Hastaliga yakalanma orani Ege,
Bati Akdeniz (Antalya), Cukurova (Adana) ve Giineydogu
Anadolu Bélgesinde sirasiyla %27, %14, %25 ve %16, iiriin
kaybr ise Ege Bolgesinde %12, Adanada %12 ve Antalyada
%4 oldugu saptanmustir (Esentepe 1979, Sagir ve ark. 1995,
Sezgin 1985).

Pamuk solgunluk hastaligina karsi ekonomik bir kimyasal
miicadele yontemi Onerilememekle birlikte; hastaligin
neden oldugu zararin azaltilmasi ve hastaligin kontrol altina
alinabilmesi i¢in uygun bir ekim rotasyonunun yapilmast,
dayanikli/tolerant gesitlerin yetistirilmesi, ekim zamani
ve ekim sikhigmimn ayarlanmasi, dengeli bir giibreleme
programinin uygulanmasi, damla sulama ydnteminin
tercih edilmesi, sulama suyu miktarinin ayarlanmasi ve
tarlada bulunan yabanci otlarin yok edilmesi ile saglanabilir
(Anonim 2000, El-Zik 1985, Erdemci ve Sagir 2001, Godoy
et al.1995, Kurt and Bigici 1998, Sagir ve Bagbag 1998).

Yagis ve sulama suyunun, hastalik etmenlerinin ozellikle
sekonder inokulumun taginmasi ve yayilmasinda onemli
bir rolii bulunmaktadir. Damla sulama y6ntemine goére
karik sulama ve yagmurlama sulama yénteminde hastaliklar
daha fazla yayillmaktadir. Kaliforniyada toprak alti damla
sulama ve karik sulama uygulamasinda marulda sclerotinya
ctirtikligii (Sclerotinia minor) hastalik orani ve mantarimsi
kok girtklugti (Rhizomonas  suberifaciens) hastalik
siddetinin damla sulamada karik sulamaya gore belirgin bir
sekilde diisiik oldugu, marulda toprak kaynakli hastaliklarin
yonetiminde toprak alti damla sulamanin uzun vadeli bir
strateji olarak onerilebilecegi bildirilmistir (Subbarao et al.
1997).

Ispanyada V. dahliae ile dogal bulagik arazi kosullarinda,
duyarli “Picual” zeytin ¢esidi kullanilarak, sulama sikliginin
(gtinliik sulama-T1, iki haftada bir sulama-T2 ve susuz-T3)
zeytinde solgunluk hastaligina etkisi arastirilmustir. Susuz
parsellere gore sulanan parsellerde hastalik oraninin siirekli
arttig1, giinliik sulanan parsellerde hastalik ilerlemesinin
susuz parsellere gore daha fazla oldugu, iki haftada bir
sulama degerlendirmesinde mevsim ve deneme alanina
hastalik siddeti ile topragin su kapasitesi arasinda anlamh
bir korelasyonun mevcut oldugu bildirilmistir (Pérez-
Rodriguez et al. 2016).

Karik usulii sulama ve toprak alti damla sulama (eksik,
normal ve agir1 sulama rejimi) ile V. dahliae’nin karnabaharin

kok ve bitki gelisimine olan etkilerinin arastirildig



Bitki Koruma Biilteni / Plant Protection Bulletin, 2021, 61 (2) : 5-12

caligmalarda, solgunluk siddeti ve hastalik oraninin agir1 ve
normal sulama rejiminde eksik sulama rejimine gére daha
yiksek bulundugu, yetersiz sulama rejiminin solgunluk
hastaligini baskiladigi, daha yiiksek nem seviyelerinin V.
dahliae ile bulasik parsellerde daha yiiksek kok uzunlugu
yogunluguna neden olmakla beraber solgunluk orani ve
siddetinin artmasina daha fazla yol atig1 saptanmustir (Xiao
et al. 1998, Xiao and Subbarao 2000).

Bu c¢alisma, Diyarbakir kosullarinda, farkli derinlikteki
damla sulama sistemleri ve farkli miktardaki sulama
suyu miktarmin pamuk solgunluk hastalig1 (Verticillium
dahliae)’na etkilerinin belirlenmesi amaciyla yapilmistir.

MATERYAL VE METOT

Denemeler, Diyarbakirda Dicle Universitesi, Ziraat Fakiiltesi
Arastirma Alaninda solgunluk hastalik etmeni Verticillium
dahliae Kleb. fungusu ile dogal bulasik ve hastaligin yogun
goriildiigii bir tarlada 2016 ve 2017 yillarinda ayni alanda gakili
deneme seklinde yiriitiilmistiir. Aragtirmada orta erkenci
Stonville-468 (ST 468) isimli pamuk g¢esidi kullanilmigtir.
Denemeler, tesadiif bloklar1 boliinmiis parseller deneme
desenine gore 3 tekerriirlii olarak yiiriitiilmiistiir. Bitkilerin
sira araligr 0.7 m, her parselde 6 adet sira olacak sekilde
parsel alan1 4.2 m (0.7 m x 6 sira) x 8.0 m = 33.6 m? olarak
almmustir. Ana konularda farkli derinlikteki damla sulama
sistemleri (I :Yiizey damla sistemi (YDS), 1:Yiizey alt: damla
sistemi (YADS) 30 cm derinlikte ve L:Yiizey alti damla
sistemi (YADS) 40 cm derinlikte) ve alt konularda ise FAO-
56 Penman-Monteith (PM) yonetimine gore tahmin edilen
bitki su titketiminin (ETc) farkli oranlari/miktarlar (K : Bitki
su tiketiminin %125, K Bitki su titketiminin %100’ ve K

Bitki su tiiketiminin %751) yer almistir.
Denemede kullanilan sulama sistemi

Anaborular ve yiizey alti damla lateralleri tohum ekiminden
once, yiizey damla lateralleri ise ekimden sonra (ekime
engel olmamasi i¢in) araziye yerlestirilmistir. Sulama suyu,
deneme yeri yakininda bulunan derin kuyudan ¢ikarilip
biriktirme havuzunda bekledikten sonra giines enerjisinden
tiretilen elektrik enerjisi ile ¢aligan dalgic pompa sayesinde
sisteme verilmistir. iki bitki sirasi arasina, 1.40 m araliklarla
bir lateral damlatici boru yerlestirilmis, damlatici debisi
toprak biinyesi ve infiltrasyon hizi esas alinarak segilip
uygulanmustir. Damlatic1 aralig1 40 cm, damlatici debisi ise

2.2 1/h olarak hesaplanmustir.

Sulama suyu miktart ve gercek bitki su tiiketiminin

hesaplanmasi

Sulama suyunun hesab: igin oOncelikle bitkinin segilen
sulama araligindaki (5 giin) ger¢ek zamanli PM yontemine

gore tahmin edilen su tiiketimi hesaplanmis ve segilen

sulama konusuna gore uygulama yapilmistir (Allen et al.
1998). Toprak nem Olgiimleri, nem sensorleri (Decagon,
Procheck, hacimsel toprak nem sensorii) aracilifiyla
topragin 0-90 cm derinliginde, her 30 cnr’lik katmanda her
sulama Oncesi yapilmistir. Ayrica zaman zaman gravimetrik
yontem kullanilarak agirlik esasina gore toprak ornekleri

almarak nem ol¢timlerinin dogrulugu kontrol edilmistir.
Toprak hazirligi, sulama sisteminin kurulumu ve tohum ekimi

Toprak isleme, borularn dosenmesi igin kazi islemi,
glibre ve yabanci otlara kars1 kimyasal uygulamalarinin
tamamlanmasindan sonra yiizey alt1 damla sulama sistemi
dosenmeye baglanmustir. Parsellerde sulama ve tahliye
hatlar1 belirlendikten sonra ddsenen borularin dsti
kapatilmistir. Toprak nemini hacim ytizdesi cinsinden 6lgen
nem sensorleri (FDR, Frequency Domain Reflectometry)
topragin  0-90 cm derinliklerindeki profilin nem
diizeyini belirlemek i¢in; topragin 15 cm, 45 cm ve 75 cm

derinliklerine yerlestirilmistir.

Cimlenmeyi kolaylastirmak ve hizlandirmak igin denemede
kullanilan pamuk tohumlari, ekimden 6nce bir giin suda
bekletilmistir. Tohum ekimi birinci ve ikinci yilda sirasiyla
09.05.2016 ve 11.05.2017 tarihinde gergeklestirilmistir.

Giibreleme

Denemelerde, taban giibresi olarak 20-20-0 kompoze
giibre kullanilmistir. Azot ve fosfor igerikli giibrenin %20
si ekimle birlikte dogrudan topraga uygulanmis, geriye
kalan %80’ni ise fertigasyon yontemi ile ilk sulama ile
baslayip, koza olusum doénemine kadar uygulanmaya
devam etmistir. Azotlu giibre 13 kg/da, fosforlu giibre
ise toprak analiz sonuglar1 da esas alinarak 8 kg/da P,O,
olarak esit dozlar geklinde fertigasyonla uygulanmistir
(Karademir ve ark. 2005, Ozer 1992, Ozer ve Dagdeviren
1986). Fertigasyon igin giibre tank:i kullanilarak basing
farklilig: ilkesinden yararlanilarak, giibre sisteme sulama
suyu ile birlikte tiim konulara (karakterlere) esit miktarda
uygulanmugtir. Fertigasyon her iki sulamada bir (10 giinde

bir) uygulanmistir (Cetin ve ark. 2013).
Seyreltme ve capalama

Denemede tarla temizligi ve yabanci ot miicadelesi el ile
mekanik sekilde yapilmistir. Bitkiler 4-5 yaprakli donemde
iken sira tizeri mesafeye uygun olarak tekleme (seyreltme)
yapilmustir. Sulamalardan sonra da belli araliklarla bitkilerin

bogaz doldurma islemi tekrarlanmistir.
Tarimsal miicadele

Tarla hazirhig1 yapilirken heniiz tohum ekimi yapilmadan
once, gesitli yabanci otlarin kontrolii igin total bir herbisit
olan Knock Out (450 g/l glyphosate), ilk sulamadan sonra
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ise yaygin olarak gelisen dar yaprakli yabanci otlara kars:
selektif etkili Echo 5 EC (50 g/l quizalofop-p-ethyl) adli
herbisit uygulanmustir. Ayrica bitkilerin ileriki gelisme
donemlerinde, yeniden ortaya ¢ikan yabanci otlar mekanik
olarak temizlenmistir. Deneme alaninda goriilen yaprak
bitlerine karsi ise Hunter OD 300 (210 g/l imidacloprid +
beta cyfluthrin) preparati kullanilmistir.

Sulama

Denemelerde, ilk sulama birinci yilda 17.06.2016 ve ikinci
yilda 13.06.2017 tarihinde yapilmis, sulamalar deneme
konularina bagl olarak ayni siraya gore 05.09.2016 ve
06.09.2017 tarihlerinde bitirilmistir. {lk sulama tarihinde
biitiin parsellerdeki nem 0-60 cm toprak derinligi i¢in “Tarla
Kapasitesi” diizeyine getirilerek daha 6nce hesaplanan eksik
nem miktar1 uygulanmustir. {lk sulamadan sonra planlanan
sulama aralig1 olan 5 (bes) giinde bir konu uygulamalarina
gore sulama yapilmustir. Ayrica fertigasyon uygulamalarina
da baglanmigtir. PM y6ntemine gore hesaplanarak tahmin
edilen bitki su tiiketim degerleri sulama konularina gore
gerekli diizeltme (hesaplama) yapilarak bir 6nceki su sayaci
okuma degerlerine eklenerek, sulamaya son verilecek olan
su saya¢ degerleri hesaplanmustir. Yetistirme mevsimi
boyunca konulara gore, ETcnin %125’ (K1)’ ETcnin %100’
(K,) ve ETc'nin %7571 (K,) uygulamasinda sirasiyla 679 mm,

524 mm ve 342 mm sulama suyu tiiketilmistir.
Hastaligin degerlendirilmesi

Mevsim sonunda pamuk hasadi tamamlandiktan sonra,
birinci ve ikinci yilda sirasiyla 20.10.2016 ve 24.10.2017
tarihlerinde her parselin ortasindaki 4 pamuk sirasindan

tesadiifen 40 adet bitki segilerek, toprak seviyesinde 4-5 cm

yukarida govdeleri enine kesilmistir. Bu bitkilerin iletim
demetlerinin renk degisikligi esas alinarak hasta/saglam
seklinde degerlendirilmistir. Her parselin hastalik orani
bulunduktan sonra, hastalik siddeti 0-3 skalasina gore

hesaplanmustir (Erwin et al. 1976).

0-3 Skalas1

0  Bitki saglikhi

1 Bitkiiletim demetlerinin %1-33’ti kahverengilesmis

2 Bitki iletim demetlerinin %34-67’s1 kahverengilesmis
3 Bitki iletim demetlerinin %68-100’ii kahverengilesmis
Analiz ve degerlendirme

Denemelerde elde edilen verilerin degerlendirilmesi igin
tesadiif bloklar1 boliinmiis parseller deneme desenine gore
varyans analizleri yapilmistir. Varyans analizinden sonra,
konular arasindaki farkin 6nemli olup olmadig1 ise ¢oklu

kargilagtirma testi Duncan ile kontrol edilmistir.

Elde edilen verilerin istatistiki analizleri yapilmadan once,
sayima dayali veriler , yiizde degerler ise Arcsin doniistimleri
yapilarak veriler normal dagilim sekline yaklastirildiktan
sonra varyans analizi SPSS bilgisayar programinda
yapilmustir. Ancak ilgili tablolarda orijinal degerler verilmis

olup, buna gore yorumlanmistir (Yurtsever 1984).
SONUCLAR VE TARTISMA

Farkli damla sulama sistemleri ve sulama suyu miktarlarinin
(V. dahliae)na etkilerini

belirlemek i¢in yapilan ¢aliymada yillara ve deneme

pamuk solgunluk hastalig:

konularina gore elde edilen sonuglar Cizelge 1de verilmistir.

Cizelge 1. Farkli damla sulama sistemleri ve sulama suyu miktarinin 2016 ve 2017 yili uygulamalarinda elde edilen solgunluk

hastalig1 siddeti ve hastalik orani (%) degerleri

Table 1. Values of wilt disease severity and disease rate (%) obtained in 2016 and 2017 applications of different drip irrigation

systems and the amount of irrigation water

Sulama Sistemler! Hastalik Siddeti Hastalik Orani (%)

2016 Yili 2017 Yili Ort. 2016 Yili 2017 Yili Ort.
IIK3 YDS (ETcnin %75’i) 0.25 0.43 0.34 15.83 24.44 20.13
IIK2 YDS (ETcnin %1007() 1.07 1.43 1.25 63.06 62.22 62.64
[ K, YDS (ETcnin %125’1) 1.50 2.02 1.76 71.70 74.28 72.99
Ortalama 0.94 1.29 1.11 50.19 53.64 51.92
LK, YADS-30 cm (ETcnin %75’1) 0.20 0.45 0.32 13.33 27.77 20.55
LK, YADS- 30 cm (ETc'nin %100’() 0.79 1.57 1.18 43.09 66.66 54.87
LK, YADS-30 cm (ETcnin %125’i) 1.29 2.12 1.70 62.50 86.66 74.58
Ortalama 0.76 1.38 1.06 39.64 60.36 50.00
I3K3 YADS-40 cm (ETcnin %75’1) 0.63 0.75 0.69 40.83 42.75 41.79
I3K2 YADS- 40 cm (ETcnin %100’) 0.69 1.37 1.03 38.33 58.24 48.28
LK, YADS-40 cm (ETc'nin %125°1) 1.22 1.93 1.57 65.83 74.36 70.09
Ortalama 0.84 1.35 1.09 48.33 58.45 53.38
ORTALAMA 0.84 1.34 1.14 46.05 57.48 51.76

1)YDS: Yiizey Damla Sulama; YADS: Yiizey Alti Damla Sulama
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Cizelge 2. Damla sulama sistemleri ve sulama suyu miktarlarina gére ortalama solgunluk hastalig1 siddeti ve hastalik orani (%)

degerleri

Table 2. According to drip irrigation systems and irrigation water amounts, mean wilt disease severity and disease rate (%)

values

. . . Hastalik Siddeti Hastalik Orani (%)

Damla Sulama Sistemleri ve Sulama Suyu Miktarlar1 20l6 Vi 2017 Vil Ort. 20l6 Vi 2017 Yili Ort.
I, Yiizey Damla Sistemi 1.28 1.29 1.29 50.1 53.7 51.9
I, Yiizey Alt1 30 cm Damla Sistemi 0.59 1.38 0.99 39.6 60.4 50.0
I, Yiizey Alt140 cm Damla Sistemi 0.40 1.35 0.88 48.3 53.5 50.9
Ortalama 0.75 1.34 1.05 46.0 55.8 50.9
K, Sulama Suyu Miktar1 679 mm 1.34a 2.02a 1.68 66.7 a 784a 72.6
K,Sulama Suyu Miktar1 524 mm 0.85b 1.46b 1.16 48.1b 62.4b 55.2
K,Sulama Suyu Miktar1 342 mm 0.36 ¢ 0.54 ¢ 0.45 233b 317¢ 27.5
Ortalama 0.85 1.34 1.09 46.0 57.5 51.7

Cizelge 1 incelendiginde, 2016 yilinda en diisiik hastalik
siddeti (0.20) ve hastalik orani (%13.3) degerleri 30 cm
derinlikte yiizey alti damla sistemi (YADS) ve %25 eksik
sulama suyu miktar1 (I,K,) uygulamasinda, en yiiksek
hastalik siddeti (1.50) ve hastalik orani (%71.70) degerleri
ise yiizey damla sulama (YDS) ve %25 fazla sulama su
miktar1 (I K)) uygulamasinda ortaya ¢ikmugtir. 2017 yili
bulgularinda ise en diisiik hastalik siddeti (0.43) ve hastalik
orant (%24.44) degerleri yiizey damla sulama (YDS) ve %25
eksik sulama suyu miktar1 (I K,) uygulamasinda, en yiiksek
hastalik siddeti (2.12) ve hastalik orani (%86.7) degerleri ise
30 cm derinlikte ytzey alti damla sulama (YADS) ve %25

fazla sulama su miktar1 (I,K1) uygulamasinda saptanmustir.

Pamuk solgunlugu hastalik siddeti ve hastalik oranlar
damla sulama sistemlerine gore degerlendirildiginde 2016
ve 2017 yillarinda, istatistiki olarak herhangi bir farlilik
bulunmamakla birlikte uygulanan sulama suyu miktarlar:
bakimindan 6nemli farklilik elde edilmis ve her uygulama

sekli farkli gruplarda yer almistir (Cizelge 2).
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Ayrica, farkli damla sulama sistemleri ve sulama suyu
miktarlarina gére hastalik siddeti ve hastalik oran1 degerleri
grafikler halinde Sekil 1 ve 2'de verilmistir.

Calismada sulama suyu miktarlarinin pamuk solgunluk
hastaligimin ¢ikisi ve siddeti tizerine etkili oldugu tespit
edilmesine kargin, farkli sulama sistemleri arasindaki farkin
istatistiki a¢idan Onemsiz oldugu saptanmistir. Ancak
Cizelge 1 ve grafikler (Sekil 1 ve 2) incelendiginde, yiizey
damla sulama sistemi (YDS- 1), yiizey alt1 damla sulama
sistemi 30 cm (YADS- L) ve yiizey alt1 damla sulama sistemi
40 cm (YADS- L)'nin ortalama hastalik siddeti degerleri
sirasiyla 1.29, 0.99 ve 0.88, ayni siraya gore hastalik orani
degerleri ise %51.9, %50.0 ve %50.9 oldugu anlagilmaktadur.
Yine iki yilin verileri esas alindiginda %25 fazla sulama suyu
(K,-679 mm), normal sulama (K,-524 mm) ve %25 eksik
sulama (K,-342 mm) uygulamalarinda, hastalik siddeti ve
hastalik orani degerleri sirasiyla 1.68, 1.16 ve 0.45 ile %72.6,
%55.2 ve %27.5 oldugu saptanmistir. Hem hastalik siddeti
hem hastalik oranlar1 bakimindan 2016 ve 2017 yillarinda

(b)
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t2 -
w BB BT
¥ I
0 [

12 (Yuzeyalti damla-30 13 (Yuzeyalt damla-40
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cm) cm)
2016 1,28 0,59 0,4
mOrt. 1,29 0,99 0,88
m2017 1,29 1,38 1,35

Farkli Damla Sulama Sistemleri

Sekil 1. Farkli sulama suyu miktarlari (a) ile farkli damla sulama sistemlerinin (b) pamukta solgunluk hastalik siddetine etkisi

Figure 1. The effect of different irrigation water amounts (a) and different drip irrigation systems (b) on cotton wilt disease severity
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Farkli Damla Sulama Sistemleri

Sekil 2. Farkli sulama suyu miktarlari (a) ile farkli damla sulama sistemlerinin (b) pamukta solgunluk hastalik oranna etkisi
Figure 2. The effect of different irrigation water amounts (a) and different drip irrigation systems (b) on cotton wilt disease rate

elde edilen bulgular arasinda belirgin bir paralellik
mevcuttur. Ancak Cizelge 2 incelendiginde, hem sulama
sistemleri hem de sulama suyu miktarlar1 esas alindiginda,
hastalik siddeti ve hastalik orani degerlerinin 2017 yilinda
2016 y1ilina gore daha yiiksek oldugu goriilmektedir.

Daha once yapilan c¢aliymalarda Pamuk solgunluk
hastaliginin kontrolii i¢in uygun bir ekim rotasyonu,
dayanikli/tolerant ¢esitlerin yetistirilmesi, ekim zamani
ve ekim sikligimmin ayarlanmasi, dengeli bir giibreleme
programinin uygulanmasi, damla sulama yonteminin
tercih  edilmesi, yeterli sulama suyu miktarinin
uygulanmasi ve tarlada bulunan yabanci otlarin yok
edilmesi ile saglanabilir (Anonim 2000, El-Zik 1985,
Erdemci ve Sagir 2001, Godoy et al. 1995, Kurt and Bigici
1998, Sagir ve Bagbag 1998). Solgunluk etmeni V. dahliae
fungusu bir toprak patojeni olup, ayn: konuke¢u bitkinin
miinavebe (rotasyon) uygulamadan ist {iste yetistirilmesi
durumunda topraktaki inokulum miktarinda siirekli

olarak bir artis olabilmektedir.

Bu durumun, ¢aliymanin ikinci yilinda elde edilen
bulgularda, hastalik siddeti ve hastalik orani degerlerinin
artmasina neden oldugu disiiniilmektedir. Denemenin
¢akili deneme olmast da bu degerlerin artiginda etkili
olmustur. Nitekim Diyarbakir kosullarinda Pamuk solgunluk
hastalig1 konusunda ¢akili deneme seklinde yirttilmis iki
yilik bir ¢alismada, bir gram toprakta birinci yilda 75 adet,
ikinci yilda ise 85 adet propagiil (mikrosklerot) saptandig:
bildirilmistir (Sagir ve ark. 2019).

Deneme sonuglarina goére sulama suyu miktarinm artmast
ile birlikte hastalik giddeti ve hastalik orani da artmistir. Bu
konuda daha 6nce yapilan ¢alismalarda da benzer sonuglar
alinmustir. Nitekim Ege Bolgesinde Pamuk solgunluk hastalig
ile ilgili yiiriitillmiis bir ¢aliymada, toprak tipi ve sulamanin
hastaligin enfeksiyon siddeti tizerine ¢ok etkili faktorler oldugu,
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sulamanin yapilmadig1 alanlarda hastalik oraninin daha az
oldugu saptanmustir (Karaca ve ark. 1971). Kaliforniyada
Pamuk solgunluk hastaliginin (V. dahliae) entegre kontroliinde
sulama aralig1 ve uygulanan su miktari azaltildiginda solgunluk
hastaliginin 6nemli bir sekilde azaldigi, sulama suyu miktar
ve sulama sayist arttiginda ise hem yaprak hem de iletim
demeti hastalik belirtilerinin arttigi bildirilmistir (El-Zik
1985). Diyarbakir kosullarinda yiizey damla sulama sistemi
konusunda yapilan bir ¢alismada, 6 farkli uygulama seklinde
elde edilen sonuglar arasinda farklilik oldugu, uygulamalara
gore hastalik oranin %29.99 ile %41.10 arasinda degisiklik
gosterdigi saptanmustir (Sagir ve Bagbag 1998).

Sonug olarak yapilan bu ¢alismada, damla sulama sistemlerinin
Pamuk solgunluk hastahigimin hastalik siddeti ve hastalik
orant degerleri {izerine etkisinin istatistiksel olarak 6nemsiz
oldugu, fakat en az hastalik siddetinin yiizey alti damla
sulama sisteminde meydana geldigi saptanmistir. Sulama
suyu miktarlarimin ise hastalik siddeti ve hastalik oranimnin
cikigt Gizerine etkili oldugu, sulama suyu miktar1 arttik¢a
hastalik siddeti ve hastalik orani degerlerinin arttig1 ortaya
konulmugtur. Pamuk solgunluk hastaliginin kontrolii igin,
hastalik etmeni V.dahliae fungusu ile bulagik alanlarda yiizey
alt1 damla sulama yapilmas: ve bitkinin gergek su titketimi
kadar sulama suyu miktarinim uygulanmasi dnerilmelidir.

TESEKKUR

Bu makalede yer alan veriler, TUBITAK 1150600 No'lu
aragtirma projesi kapsaminda yiiriitiilen deneme alanindan
elde edilmistir. Bu nedenle, bu makalenin “Materyal ve
Yontem” bolimiiniin bir kismi, ilgili proje verilerinden
tiretilen farkli makale veya yayin(lar)'in yalniz “Materyal ve
Yontem” bolimlerinin bir kismuiile benzerlik gostermektedir.
Belirtilen projenin finansal desteginin (biitgesi) tamami
TUBITAK tarafindan saglanmustir. Ayrica Dicle Universitesi
Bilimsel Aragtirmalar Koordinatérligii (DUBAP)’iinden de
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kismi destek saglanmistir. Bu nedenle kurumsal olarak her

iki Kuruma tesekkiir ederiz.
OZET

Bu ¢alisma, farkli derinlikteki ti¢ farkli damla sulama
sistemi (yiizey, yiizey alt1 30 ve 40 cm) ve farkli sulama suyu
miktarinin (bitki su tiiketiminin %1251, %100’ ve %75’1)
pamuk solgunluk (Verticillium dahlia) hastahgina etkisini
belirlemek amaciyla 2016-2017 yillarinda Diyarbakirda
yapimistir. Tki yilin ortalama sonuglarina gore, farkl
derinlikteki damla sulama sistemleri ve farkli sulama suyu
miktarlarina gore o6nemli farkhiliklar bulunmustur. En
yiiksek hastalik siddeti (1.29) yiizey damla sulama sistemi
uygulamasinda ortaya ¢ikmistir. En diigiik hastalik siddeti
(0.88), ylizey alt1 damla sulama - 40 cmden elde edilmigtir.
Bunun yaninda, sulama suyu miktar1 arttik¢a, hastalik
siddeti de artmistir. Hastalik oranlar1 goz oniine alindiginda
farkli damla sulama sistemleri arasinda istatistiki agidan
o6nemli bir fark bulunmamistir. Ancak, damla sulama
sistemleri arasinda en yiitksek hastalik orani degeri (%51.9)
yuzey damla sulama sisteminin uygulandigi parsellerde
gozlenmistir. Sulama suyu miktarinin artisiyla hastalik
orani da artmistir. Sulama suyu miktarlarina gére pamuk
solgunlugu hastalik siddeti ve hastalik oranlari, ¢alismanin
yuritildigi her iki yilda da istatistiki olarak o6nemli
bulunmustur. Calismada en yiiksek hastalik orani degeri
(%72.6), bitki su tiiketiminin %125’i oraninda su miktarinin
uygulandig1 parsellerden elde edilmistir. Calisma sonucunda
elde edilen veriler dogrultusunda, hastalik etmeni ile bulagik
alanlarda Pamuk solgunluk hastaliginin kontrolii i¢in, yiizey
alt1 damla sulama ve gergek bitki su tiiketimi miktar1 kadar

sulama suyu uygulanmasi gerektigi tespit edilmistir.

Anahtar kelimeler: pamuk, solgunluk, damla sulama,
Verticillium dahliae
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This study was conducted to determine the reactions of some bread and durum
wheat varieties against wheat seed gall nematode. In the varietal reaction
experiment, widely grown in Turkey, 20-bread and 12-durum wheat varieties were
used. Total infected grains and healthy grains for each variety were counted and
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a bread wheat variety from cv. Aldane. While different rates of infected grains
were obtained from 23 of the varieties included in the experiment, infected grain
formation did not occur in the other 9 varieties (durum wheat varieties; Mirzabey
2000, imren, Sahinbey, Ziihre, Yelken 2000, Altintas, and bread wheat varieties;
Bagci 2002, Konya 2002, Ahmetaga). According to the number and ratio of
infected grains, durum varieties were more tolerant. As with many diseases and
pests, using resistant or tolerant varieties is one of the most economical and
environmentally friendly method to control wheat gall nematode.

INTRODUCTION

Plant parasitic nematodes are one of the factors that
adversely affect the yield and quality of produce in wheat
cultivation. Harmful species of wheat are Heterodera spp.
(Dababat et al. 2015), Pratylenchus spp. (Smiley and Nicol
2009), Anguina tritici (Tulek et al. 2015), Ditylenchus dipsaci
and Meloidogyne spp., (McDonald and Nicol 2005). Of these
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species, the wheat seed gall nematode (WSGN) continues to

thrive in several countries despite being managed.

The first record of nematodes parasitizing plants in literature
is of WSGN [Anguina tritici (Steinbuch, 1799) Filipjev 1936]
identified by Needham (Needham 1744). He soaked the
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dark brown hardened wheat grains in water and observed
that a white and mobile layer formed on the surface of the
water after a certain period. When samples taken from
this layer were examined under a microscope, he noted
the presence of worm and threadlike creatures. Actually, it
was understood that these organisms were the second stage
larvae (J2) of the WSGN half century later (Siddiqi 2000,
Thorne 1961).

This nematode, which causes significant damage in grains,
is responsible for 20-50% yield loss in wheat and 35-65% in
rye (Leukel 1924). In Virangehir district of Turkey, durum
wheat (Triticum durum Desf.) has been reported to have lost
32% of yield due to A. tritici (Ozberk et al. 2011). In another
study conducted with four bread wheat varieties, A. tritici-
infected (35%) grains of each variety were seeded together
with untreated controls. At harvest time, there was a 55.3%
decrease in the grain yield compared to the controls when
these infected seeds were sown. The grain yield losses were
59.9% in Gelibolu, 56.6% in Selimiye, 53.2% in Pehlivan and
51.3% in Kate-A variety (Tulek et al. 2015).

This study aimed to determine the reactions of some bread
and durum wheat varieties commonly grown in Turkey
against the gall nematodes and to compare the differences

among the varieties.
MATERIALS AND METHODS
Wheat cultivars and nematode source

In this study, a total of 32 registered and commonly grown
wheat cultivars in Turkey that includes 20-bread wheat and
12-durum wheat were evaluated. Infected grains collected
from the wheat cultivation areas of Edirne in previous years
were used as the source of the inoculum. Accordingly, by
using an oblong sieve, grains infected with an average of
11.700 nematodes per infected grain and falling between
sieves of 22.2 and <2.5 mm width was used in the trials
(Tulek et al. 2015).

Seed disinfection and vernalization

The seeds of the varieties used in the experiment selected
uniform size. They were soaked in 96% alcohol for 5 min
and then their surface sterilized for 10 min in 4.5% sodium
hypochlorite. After the seeds were rinsed with sterile distilled
water three times, and they were then placed on filter paper in
9 cm diameter plastic Petri dishes, approximately 20 seeds per
Petri dish. Afterwards the filter papers were moistened with
sterile distilled water and kept in a dark incubator at 20 °C
for 48 hours. The seeds taken from the incubator were kept at
2 °C in a refrigerator for 3 weeks because most of them were
classified as winter type. Thus, the vernalization requirement
of the seeds was satisfied (Tiilek and Okten 2008).
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Experimental design and assessment of nematode infection

The experiment was established as split plot in a randomized
complete block design with 5 replications. Main plots were
applications, infected and uninfected (control) plots, and
cultivars were assigned as sub-plots. Plastic pots, 15 cm
length and 6 cm in diameter are used for this purpose. Each
replication was planted in a pot, and in the first application
(infected plots), a healthy germinated, vernalized seed + an
infected seed per pot; in the second application (control
plots), a healthy germinated, vernalized seed per pot was
sown. Before sowing, the infected grains were kept in cold
water for about 8 hours to soften. Seed damage caused by
nematode was observed regularly during growth periods
(From March to July in 2019). Spikes obtained each pot /
tube at the harvest maturity were separated from husks using
a threshing board and recorded by counting the infected and
healthy ones. The percentage of infection was determined
according to the formula given below.

Number of infected seeds per plant % 100

Percentage of infected seeds (%) =
Total number of seeds per plant

Statistical analysis

Infected seed ratio and measured grain data were subjected
to Analysis of Variance (ANOVA) using Jump 5.0.1
statistical program. The means were compared with the
least significant difference (LSD P < 0.05) if the F value was

significant.
RESULTS AND DISCUSSION

The infected grain formation was formed in 23 of the varieties
whereas the remaining 9 varieties had no signs of gall
formation (Mirzabey 2000, Imren, Sahinbey, Ziihre, Yelken
2000, Altintas, Bagc1 2002, Konya 2000, Ahmetaga), (Table
1). Some images obtained in field and laboratory studies are
given in Figure 1. A negative correlation (P < 0.01) was found
between the percentage of infected seeds and the number of
healthy grains (r = -0.6544). Compared to the control, there
was a 35.8% decrease in the number of healthy grains in
infected parcels due to WSGN in wheat varieties (Table 2).

A statistically significant difference was found among the
cultivars in terms of the number of infected grains (pieces
/ plant), the number of healthy grains (pieces / plant) and
the rate of infected grains (P<0.01). The highest number
of infected grains and the ratio of infected grains were
obtained from Aldane bread wheat variety. The infected
grain formation was undetected in 9 varieties (durum wheat
varieties; Mirzabey 2000, Imren, Sahinbey, Ziihre, Yelken
2000, Altintas and bread wheat varieties; Bagc1 2002, Konya
2002, Ahmetaga) while different rates of infected grains
were obtained from the other 23 varieties included in the

experiment. It was observed that durum varieties were
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Table 1. Mean number of infected grains (pieces / plant), mean number of healthy grains (pieces / plant), percentage of infected

seeds (%) in the infected plots

Varieties Number of infected grain Number of healthy grain  Percentage of infected seeds Cultivars bread/durum
Aldane 57.2a* 24h 97.8a Bread wheat
Tosunbey 44.2 ab 38h 92.5 ab Bread wheat
Giin-91 37.8bd 112 gh 87.4 ac Bread wheat
Syrena Odeska 44.6 ab 3.6h 86.4 ac Bread wheat
Miifitbey 39.0 be 20.4 th 79.2 ad Bread wheat
Flamura-85 24.6 ce 22.6 eh 70.8 ae Bread wheat
Selimiye 134 eg 12.0 gh 70.3 ae Bread wheat
Kate A-1 112 eg 29.2dh 60.0 af Bread wheat
Esperia 24.0 ce 10.4 gh 58.2 af Bread wheat
Demir-2000 20.4 df 18.2 th 56.7 bf Bread wheat
Ikizce-96 21.6 cf 46.0 ch 48.0 cg Bread wheat
Nacibey 7.6 eg 14.6 gh 45.6 dg Bread wheat
Pehlivan 12.0 eg 28.4dh 40.5 dh Bread wheat
S6nmez-2001 17.8 eg 44.8 ch 379 ei Bread wheat
Altin 40/98 5.4fg 68.6 ae 26211 Durum wheat
Bereket 9.4 eg 21.8 eh 20.7 fi Bread wheat
Seval 6.8 eg 41.0 ch 20.5fi Bread wheat
Eyyubi 4.0 fg 33.8dh 20.0 fi Durum wheat
Dumlupinar 24¢ 20.4 th 20.0 fi Durum wheat
Artuklu 42fg 52.8 bg 20.0 fi Durum wheat
Yakar-99 15.6 eg 84.6 ac 12.4gi Bread wheat
Eminbey 06g 31.8 dh 4.7 hi Durum wheat
Sariganak l16¢g 97.2 ab 2.9 hi Durum wheat
Altintag 95 00g 55.6 bg 0.01 Durum wheat
Imren 00g 55.0 bg 0.01 Durum wheat
Konya-2002 00g 9,4 gh 0.0i Bread wheat
Mirzabey 2000 00g 73.4 ad 0.0i Durum wheat
Sahinbey 00g 23.8 ¢h 0.0i Durum wheat
Ahmetaga 00g 34.2 dh 0.0i Bread wheat
Bagc1-2002 00g 48.4 ch 0.0i Bread wheat
Yelken 2000 00g 106.0 a 0.01 Durum wheat
Ziihre 00g 63.2 af 0.01i Durum wheat
LSD, . : 18.05 47.38 40.7

X Means not connected by same letter are significantly different at P < 0.05 according to LSD.

more tolerant to WSGN in terms of the number and ratio of
infected grains. In the experiment, the highest healthy grain
(pieces / plant) obtained from durum cv. Yelken 2000 and
Sariganak with 106 and 97.2, respectively.

Most of the studies on wheat gall nematode in Turkey were
to determine the prevalence of the pest in wheat cultivation
areas. According to reports from Turkey, the presence of A.

tritici was first revealed in the surveys carried out in post-

Table 2. Mean number of healthy grains among the treatments

Treatments Number of grains
Non-infected plot (Control) 57.87 a%
Infected plot 37.14 b

X Means not connected by same letter are significantly different at P < 0.05
according to LSD.
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harvest warehouses in the cereal fields of Sanlurfa, Mardin,
Bitlis and Van in 1967 (Oztiiziin 1970). In another survey
study, wheat samples taken from Tokat and its districts
were found to be infected with WSGN (Bora 1970). In a
survey study, seed samples collected from 27 provinces
were examined and the presence of wheat gall nematodes
in samples from 22 provinces was confirmed; it was also
determined that the highest contamination rate was found
the samples taken from Aksaray by 55.22% (Elmali 2002).
Tiilek et al. (2017)’s study examined seed samples taken
from farm stores in 2015 to determine the prevalence status
of wheat gall nematode in wheat cultivation areas of the
Trakya Region. The author reported that out of a total of 685
wheat seed samples examined for gall nematodes; however,
13 samples were infected.
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Figure 1. Infected grain in the spike (a), cross-section of the
infected grain after harvest (b), view of nematode wools in
the early dough stage of grain (c) view of nematodes eggs,
second stage (J2) juvenile and adults (d)

Wheat damage caused by gall nematodes occurs in the two
stages. The first is the formation of infected grains instead
of healthy grains; the latter is the reduction in the number
of tillers due to the deformation caused by the nematode in
the plant, the decrease in the number of grains in the spike,
the reduction of 1000-kernel weight and hectoliter weight
(Taher 2012). In the experiment, it was observed that growth
disorder and deformation more serious in the varieties with

high infected grain rate.

The highest grain infection rates in the durum and bread
wheat varieties were observed in Altin 40/98 (26.2%) and
Aldane (97.8%) varieties, respectively (Figure 2). Ami and
Taher (2014), on the other hand, found the highest rate
of infected grains in durum and bread wheat was in Arey
(37.12%) and Maxipak (65.33%), respectively. Studies have
reported that some wheat genotypes are resistant to A. tritici
and there are differences between varieties. Studies conducted
in Iraq have been reported that the Saberbeg wheat variety
was highly resistant to WSGN (Al-Beldawi et al. 1977).

Parveen et al. (2003) tested the effects of wheat gall nematode
against 7 bread wheat varieties and showed that of these, HD-
2009 and WH-542 varieties were resistant to the nematode.
Furthermore, they established that even if infected grain
formation was not observed in these varieties, curling and
twisting were observed in the leaves, which are important
signs of nematode damage. From the results of their study
conducted in pots and tubes, they proposed that HD-2009

and WH-542 can minimize the effect of wheat gall nematode.
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Altin 40/98 | |

Figure 2. Healthy wheat grains and grains converted into
galls, bread wheat cv. Aldane and durum wheat cv. Altin
40/98

Wheat gall nematode reduces the number of spikes,
increases deformation in the plant and causes a decrease
in yield. The yield obtained from parcels infected with
gall nematode was recorded as 4.13-ton ha' while the
potential yield of Enola bread wheat variety was 6.5-ton
ha!, (Mohamedova and Piperkova 2013). In Tiilek et al.
(2019)'s study, seeds containing three different densities
of infected grain were used to determine the yield loss
caused by the wheat gall nematode in the Selimiye bread
wheat variety. Compared to the control, in applications
containing 10%, 20% and 40% of infected grain resulted in
yield losses of 9.7%, 21.5% and 27%, respectively. There was
no statistically significant decrease between applications in
terms of 1000-grain weight in healthy grains (Tiilek et al.
2019).

Results from this study showed that there was a statistically
significant decrease of 0.01 levels in the infected parcels in
terms of healthy grain number. Compared to the control,
there was a 35.8% decrease in the number of healthy grains
in infected parcels due to the damage of WSGN in wheat

varieties.

In Turkey, WSGN has been noted to cause damage in the
fields where certified seed and seed cleaning units are not
used. As with many diseases and pests, using resistant
varieties is the most economical method to control wheat
gall nematode. Therefore, there is a need to develop resistant

varieties and screening the genetic resources.
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OZET

Bu ¢alismada segilen bazi ekmeklik ve makarnalik bugday
gesitlerinin bugday gal nematoduna (Anguina tritici) karsi
reaksiyonlari tespit edilmistir. Cesit reaksiyon denemesinde
Tirkiyede yaygin olarak yetistirilen 20 ekmeklik ve 12
makarnalik bugday cesidi kullanilmistir. Her geside iligkin
toplam enfekteli ve saglikl1 taneler sayilarak kaydedilmistir.
Cesitlerarasinda enfekteli tane sayisi (adet/bitki), saglikli tane
sayist (adet/bitki) ve enfekteli tane orani agisindan istatistiki
olarak 0.01 diizeyinde 6nemli farklilik bulunmustur. Bugday
gesitlerinde kontrolle kiyaslandiginda enfekteli parsellerde,
saglikli tane sayisinda bugday gal nematodu zararindan
kaynaklanan %35.8 azalma olmustur. Enfekteli tane sayis1 ve
enfekteli tane orani en yiiksek, ekmeklik bugday ¢esidi olan
Aldane ¢esidinden elde edilmistir. Denemede yer alan 23
gesitte farkli oranlarda enfekteli tane elde edilirken diger 9
cesitte (makarnalik bugday cesitleri; Mirzabey 2000, Imren,
Sahinbey, Ziihre, Yelken 2000, Altintas ve ekmeklik bugday
gesitleri; Bagc1 2002, Konya 2002, Ahmetaga) enfekteli tane
olusumu gerceklesmemistir. Enfekteli tane sayisi ve orani
dikkate alindiginda makarnalik cesitlerin daha tolerant
oldugu tespit edilmistir. Birgok hastalik ve zararlida oldugu
gibi giiniimitizde bugday gal nematoduna karsi en ekonomik
ve ¢evreci miicadele yontemlerinden birisi de, dayanikli ya
da tolerant ¢esitlerin kullanilmasidir.

Anahtar kelimeler: bugday, bugday gal nematodu, Anguina
tritici, dayaniklilik, verim kaybi
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Plum pox virus (PPV) is the most dangerous viral agent of stone fruits. PPV can
be transmitted by vector aphids and may cause serious damage on fruits, leaves

of infected plants is one of the most recommended control methods of PPV in the

Keywords: world. The main objective of this study is to evaluate the National PPV survey and
eradication program carried by the National Plant Health Authority between 2013

eradication, PPV, stone fruit, ) . . .
sharka. virus and 2018. During the six years of study, approximately 60.000 trees in 96.26%

of Turkey were screened for PPV symptoms and 21.394 samples were collected

from suspected plants from seven different fruit species. The samples were tested
* Corresponding author: Ali Ferhan MORCA

by ELISA (Enzyme Linked Immunosorbent Assay), and then ELISA questionable
4 ferhan.morca@gmail.com

samples were verified by RT-PCR (Reverse Transcription Polymerase Chain
Reaction). Based on the six years results, 2.718 samples from 161 locations were
determined as PPV positive and the infection rate was calculated as 12.70%. During
this study, 78.868 trees were eradicated. By the help of intensive monitoring and
eradication program, PPV infection rate decreased from 35.72% to 7.47%. On the
other hand, PPV infection was firstly recorded and eradicated in seven provinces
(Aydin, Bolu, Denizli, Erzincan, Kirikkale, Sivas, Samsun) which have been known
as PPV-free before. This study showed that eradication is a very effective way
to suppress PPV infection and spread. In conclusion, the national survey and
eradication program should be operated nationwide and concentrated in nurseries.
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GIRIS

Tirkiye genetik kaynaklari, ekolojik ozellikleri ve
yetistiricilik usulleri agisindan bahge bitkileri tiretiminde
diinya iilkeleri arasinda 6nemli bir konuma sahiptir.
Tiirkiye, bir¢ok sert ¢ekirdekli meyve tiiriintin (Prunus
spp.) dogal olarak kendiliginden yetistigi veya ekonomik
olarak yetistirildigi ve bu meyvelerin giinliik beslenme
ve tarimsal dig ticaretinde Onemli rol oynadigi bir
tilkedir. Ekonomik olarak yetistiriciligi yapilan tiirler
arasinda kayisi, kiraz, visne, seftali, erik ve nektarin en
¢ok bilinenleridir. Tiirkiyede PPV’nin konukgusu olan
sert ¢ekirdekli meyve tiretimi gegmisten giintimiize artig
gostermistir (Uzun et al. 2018). 2018 yili FAO (Food
and Agriculture Organization) verilerine gore Tiirkiye
750.000 ton/y1l kayis1 ve 639.564 ton/yil kiraz tiretimi ile
diinyada birinci sirada yer almaktadir. Ote yandan visnede
184.167 ton/yil iiretim ile diinyada dordiincii sirada,
erik iiretiminde ise 296.878 ton/yil ile diinyada yedinci
siradadir. Seftali ve nektarin iretiminde ise 789.457 ton/
yil ile diinyada altinci siralarda yer almaktadir (FAO
2018).

Prunus tiirlerinin diinya ¢apinda en 6nemli hastalik etmeni
PPVdir (Scholthof et al. 2011). PPV Potyviridae familyasina
ait Potyvirus cinsine dahil viral bir etmendir. PPV, 660-750
nm uzunlugunda, 12-15 nm genisliginde ve tek sarmal bir
RNA yapisina sahiptir. Bu RNA molekiilii yaklagik 9.8 kb
biyiikligiinde ve 355.5 kDa agirhiginda tek bir poliproteini
kodlamaktadir (Cui and Wang 2016, Revers and Garcia
2015, White 2015).

PPV'’nin kisa mesafelerde yani bahge iginde veya bahgeler
arasinda yayilmasinda yaprak bitleri etkin bir rol almaktadur.
PPV’nin 20den fazla yaprak biti tirt ile tasindig
bilinmektedir. Bunlar arasinda Aphis fabae, A. craccivora, A.
gossypii, A. spiraecola, Myzus persicae, Brachycaudus cardui,
B. helichrysi, B. persicae, Hyalopterus pruni, Macrosiphum
euphorbiae tasinmada 6nem arz eden tiirler arasinda yer
almaktadir (Caglayan et al. 2013, Levy et al. 2000).

PPV, Okyanusya kitasi hari¢ Avrupa, Asya, Afrika ve
Amerika kitalarinda tespit edilmis olup, 6zellikle Balkan
tilkeleri ile Misirda yaygin olarak bulunan ve sert
¢ekirdekli meyvelerde biiyiik ekonomik kayiplara yol agan
bir viriistiir (EPPO 2004). Diinya ¢apinda yaygin olan bu
virlis tzerinde yapilan c¢aligmalar neticesinde, viriisiin
serolojik ozellikleri, genom farkliliklar1 ve epidemiyolojik
ozelliklerine bagli olarak 10 farkli irki tespit edilmigtir.
Bunlar sirasiyla M (Marcus), D (Dideron), C (Cherry), EA
(El Amar), T (Turkey), W (Winona), Rec (Recombinant),
PPV-CR (Cherry Russia), PPV-An (Ancetor) ve son olarak
tespit edilmis olan PPV-CV (Cherry Volga) irkidir (Giircan
et al. 2020). Ulkemizde bu irklardan yalnizca D (Elibiiyiik
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2004, Gircan and Ceylan 2016, Giircan et al. 2020), M
(Sertkaya et al. 2003, Elibiiytik 2004, Giircan et al. 2019),
Rec (Candresse et al. 2007) ve T (Serge et al. 2009, Teber et
al. 2019) wrklari tespit edilmigtir.

PPV’nin belirtileri virtisiin irkina, enfeksiyon zamanina,
gevre faktorlerine, konuk¢unun bulundugu konuma,
mevsime, konuk¢unun tiiriine, ¢esidine ve yasina baglh
olarak hafiften siddetliye kadar degisebilmektedir. S6z
konusu sartlara bagli olarak, belirtilerin gortldugi
bitki
enfeksiyon durumu veya belirtilerin maskelendigi
de goriilebilmektedir (Cambra et al. 2006a). PPV’nin
cigeklerde olusturdugu en tipik belirti, seftali gigek

organi farklilk  gosterebildigi gibi, latent

petallerinde gorillen koyu pembe ¢izgilerdir. Yaprak
belirtileri genel olarak kayusi, erik ve seftali bitkilerinde
olduk¢a belirgindir. Genel olarak yaprak damarlar
etrafindaki renk acilimi, damar bantlagsmasi, saridan acik
yesile degisen halka lekeler ve ¢izgiler bu bitkiler igin
oldukga tipiktir. Meyvede ise, kayisi ve erik bitkilerinde
siddetli
kahverengilesme, meyve ylizeyindeki soluk sari halka

deformasyonlar ile meyve etinde goriilen
ve ¢izgi seklindeki belirtilerin ayni zamanda izdiigimii
seklinde ¢ekirdekte de goriilmesi bu bitki grubu igin
oldukga tipiktir. PPV’nin diger 6nemli bir belirtisi de
kayisilarda ve Avrupa kokenli eriklerde goriilen erken

meyve dokiimidir (Anonim 2017).

Sarka hastalig1 ilk tespit edildigi tilke olan Bulgaristandan
kitalar arasinda yayilmis ve diinya igin tehlikeli bir duruma
gelmistir. PPV, EPPO (European and Mediterranean Plant
Protection Organization) A2 listesinde yer alan ve yine
EPPO bolgesinde yaygin ya da siurl olarak bulunan,
birgok iilkede biiyiik risk tagiyan 6nemli bir karantina
organizmasidir (Cambra et al. 1994). Ulkemizde de 6nemli
bir karantina organizmasi olan PPV, karantina listesinde
EK2-Bde (Tirkiyede sinirli olarak bulunan karantinaya
tabi zararl1 organizmalar) yer almaktadir. PPV iilkemizde
ilk olarak 1969 yilinda Edirne ilinde erik agaglarinda
tespit edilmistir (Sahtiyanci 1969). Daha sonrasinda
cografi olarak neredeyse her bolgede lokal olarak varligi
belirlenmis durumdadir (Kurcman 1973, Yirektiirk 1984,
Dunez 1986, Azeri 1994, Buzkan et al. 2006, Koc and
Baloglu 2006, Candresse et al. 2007, Gumus et al. 2007,
Gazel et al. 2010, Akbas et al. 2011, Celik ve Kiitiik 2013,
Giircan et al. 2013a, 2013b; Deligoz et al. 2015, Degirmenci
et al. 2016, Morca et al. 2020).

PPV’nin tam kontrolii; esas olarak viriisten ari bitki
materyallerinin kullanimi, dayanikli bitki c¢esitlerinin
gelistirilmesi, yaprak bitleri ile miicadele ve ozellikle
hastaligin yeni girdigi alanlarda inokulum kaynagi olan

bitki ve boceklerin yok edilmesi ile miimkiindiir (Németh
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1986). PPV’nin vektor miicadelesinde pestisit kullanimi
sonug vermediginden, en etkili miicadele yontemi hastalik
etmeninin ilkeye veya bdlgeye girisinin engelleyecek
karantina yontemleri ve viriis etmeninden ari sertifikali
fidan kullanimidir. Bu nedenle Tiirkiye gibi PPV’nin sinirl
olarak bulundugu ve karantinaya tabi oldugu tlkelerde
bulagik alanlarin ve bulagik bitkilerin tespit edilerek imhasi
teknik ve ekonomik olarak son derece 6nemlidir (Anonim
2011).

PPV’ye dayanikli Prunus gesitlerinin piyasaya siiriilmesi,
PPV'nin neden oldugu yikima uzun vadeli bir ¢6ziimdiir
(Welliver et al. 2014). Bugiine kadar, PPV'ye kars1 kayis1 ve
erikte sinirli sayida dayaniklilik kaynaginin oldugu, seftali
de ise dayaniklilik kaynaginin bulunmadig: bilinmektedir.
Kuzey Amerika kayisi ¢esitlerinden Goldrich, Harlayne,
Stark Early Orange, Stella ve Harcot dayanikli olduklar:
belirlenen ve iizerine yogun olarak ¢alisilan ¢esitlerdir
(Giircan ve Yilmaz 2012). Bunun diginda direncli bir
erik cesidi olan Honey Sweet, USDA-ARS (United States
Department of Agriculture-Agricultural Research Service)
tarafindan yuritillen ¢aligmada genetik modifikasyon
yoluyla gelistirilmistir (Scorza and Ravelonandro 2006).
Avrupa ve Kuzey Amerika'daki kapsamli galigmalarla
bile, kiiresel olarak ana tiretim fidanliklarina ulagsmak i¢cin
yeterince bityiik sayilarda genetik olarak direngli ¢esitlerin
piyasaya striilmesi i¢in daha fazla zamana ihtiyag
oldugu goriilmistiir. PPV'nin daha fazla yayilmasini
onlemek i¢in sertifikali viriissiiz stok materyallerin
kullanilmas1 ¢ok o6nemlidir. Bununla beraber siirvey,
analiz ve eradikasyon programinin birlikte uygulanmasi
ile PPV'nin gériillmedigi veya diisiik seviyelerde mevcut
oldugu alanlarin olusabilecegi bildirilmistir (Welliver et
al. 2014).

Bugiine kadar Italya (Myrta et al. 2006), Ispanya (Capote
et al. 2010), Japonya (Fujiwara et al. 2011), $ili (Herrera
2013), ABD ve Kanadada (Gougherty and Nutter
2015) bagarili eradikasyon c¢aligmalar1 yuritalmistir.
Nitekim Tiirkiyede de giiniimiize kadar PPV enfeksiyonu
belirlenen yerlerdeki bulagik bitkiler GKGM™nin bilgisi
ve talimatlar1 dahilinde imha edilmistir (Yurtmen et al.
2017). Ancak bu ¢aligmalar 2013 yilina kadar herhangi
bir ulusal siirvey veya eradikasyon programi kapsaminda
yapilmamistir. Tim bu ¢aligmalar sonucunda GKGM’it
Tiirkiyede PPV ile miicadelede mevcut kosullarda en
etkili yontemin eradikasyon olduguna karar vermis
ve 2012 yilinda Kayseri ilinde baslayan pilot siirvey
ve eradikasyon calismasi 2013 yilinda tilke g¢apinda
“Ulusal Sarka Siirvey ve Eradikasyon Programi” olarak
yirttiilmeye baslanmistir. PPV eradikasyon ¢aligmalar:

Tarim ve Orman Bakanlig: tarafindan yayimlanan “Sarka

21

Hastalig1 ile Miicadele Hakkinda Talimat” ¢ergevesinde
ve bu ¢aliymada yer alan arastirmacilarin Onerisi ve
koordinasyonunda yiiritillmistir (Anonim 2013). Bu
caligmada, bahsi gegen talimat ve program kapsaminda
2013-2018 yillar1 arasinda iilke gapinda yapilan siirvey,
teshis ve eradikasyon ¢aligmalarinin bir bélimiiniin
degerlendirmesi yapilmis, PPV bulunmasi muhtemel
alanlarin ¢igek doneminden baslanarak taranmasina ve
bulagik bulunan tiim bitkilerin imhasina karar verilmistir.
Caligma sonucunda elde edilen veriler analiz edilmis ve

bazi oneriler gelistirilmistir.
MATERYAL VE METOT
Siirvey ve eradikasyon programinin belirlenmesi

PPV ile enfekteli alanlarin tespiti ve imhast ile ilgili 2012
yilinda Tarim ve Orman Bakanligt GKGM tarafindan
baglanmis ve eradikasyon igin siirvey, analiz ve imha
yontemini i¢eren bir talimat yayinlanmistir. S6z konusu
talimat kapsaminda PPV ile bulasik oldugu diistiniilen
bir alanin sinirlarini belirlemek amaciyla “Sinirlandirma
Stirveyi (S)” PPV’nin bir alanda var olup olmadigini
tespit etmek amaciyla “Kesif Siirveyi (K)” yapilmasi
planlanmigtir. Sirvey kapsamindaki iller yillik “Bitki
Sagligi Uygulama” programinda “Zararli Organizmalar
Stirvey Programina” dahil edilmistir (Anonim 2020).
Surveyler ve eradikasyon ¢aligmalar: IPPC (International
Plant Protection Convention) kapsaminda FAO tarafindan
yayinlanan 5 numarali Uluslararasi Bitki Saglig1 Tedbirleri
(International Standarts for Phytosanitary Measures
ISPM5-Glossary of phytosanitary terms) tanimlarina
gore yuritilmistir (FAO 2016). Sirvey kapsamindaki
illerin sayisi, stirveyin seviyesi yillar iginde elde edilen
sonuglara gore degismis ve her yilin siirvey durumu bir
onceki yilin sonuglar1 dogrultusunda giincellenmis ve
stirvey ¢aligmalar1 bu kapsamda yonetilmistir (Anonim
2020).

Siirveyler ve drneklerin toplanmasi

Siirvey ¢aligmalar: Tarim ve Orman Bakanlig: tarafindan
hazirlanmis ve yayinlanmis olan “Siirvey Talimatlar:
Kilavuz El Kitab1”

gore yapilmistir. Caligma stiresince toplam 78 il (Mus,

kapsaminda belirtilen usullere

Ordu ve Trabzon hari¢) PPV siirvey programina dahil
olmustur (Gizelge 1). Bu kapsamda il Tarim ve Orman
Miudiirlikleri tarafindan toplanan simptom godsteren
ve gostermeyen Ornekler, etiketlenerek sorumlu
arastirma enstitiilerine (Cizelge 2) analizi yapilmak
tizere gonderilmistir (Anonim 2017). S6z konusu bu
caligmada siirvey sonuglar1 tamamlanan 44 ile ait veriler

degerlendirilmistir.

Laboratuvar ¢alismalari



Bitki Koruma Biilteni / Plant Protection Bulletin, 2021, 61 (2) : 19-32

Cizelge 1. 2013-2018 yillar1 arasinda PPV siirvey programina dahil olan iller ve siirvey statiileri
Table 1. The provinces included in the PPV survey program in 2013-2018 years and survey statues

No iller 2013 2014 2015 2016 2017 2018 No Iller 2013 2014 2015 2016 2017 2018
1 Adana S S S N S S 40 Istanbul N N S S N N
2 Adiyaman K K K K K K 41 Izmir S S S s S S
3 Afyonkarahisar K K K K K K 42 Kahramanmaras K K K K K K
4 Agn K K K K K K 43 Karabiik K K K K K K
5 Aksaray - - S S 44 Karaman K K K K K K
6 Amasya K K K K K K 45 Kars K K K K K K
7 Ankara S S S S S S 46 Kastamonu K K K K K K
8 Antalya S S S N S S 47 Kayseri S S S S S S
9 Ardahan K K K K K K 48 Kirikkale K K S N S S
10 Artvin K K K K K K 49 Kirklareli S S S S S S
11 Aydin K S S S S S 50 Kirsehir K K K K K K
12 Balikesir K K K K K K 51 Kilis K K K K K K
13 Bartin K K K K K K 52 Kocaeli S S S S S S
14 Batman K K K K K K 53 Konya S S S S S S
15 Bayburt K K K K K K 54 Kiitahya K K K K K K
16 Bilecik S S S S S S 55 Malatya K K K K K K
17 Bingol K K K K K K 56 Manisa N S S S N S
18 Bitlis K K K K K K 57 Mardin K K K K K K
19 Bolu K K K K K K 58 Mersin S S S S S N
20 Burdur K K K K K K 59 Mugla K K K K K K
21 Bursa S N S N S S 60 Nevsehir K K K K K K
22 Canakkale S S S S S S 61 Nigde K K K K K K
23 Cankir1 K K K K K K 62 Osmaniye K K K K K K
24 Corum K K K K K K 63 Rize K K K K K K
25 Denizli K N N N S S 64 Sakarya K S S S S S
26 Diyarbakir K K K K K K 65 Samsun K S S S S S
27 Diizce K K K K K K 66 Siirt K K K K K K
28 Edirne S S S S S S 67 Sinop K K K K K K
29 Elazig K K K K K K 68 Sivas K N S S S S
30 Erzincan K K K K S N 69 Sanlwurfa K K K K K K
31 Erzurum K K K K K K 70 Sirnak K K K K K K
32 Eskisehir K K K K K K 71 Tekirdag S S S S S S
33 Gaziantep K K K K K K 72 Tokat K K K K K K
34 Giresun K K K K K K 73 Tunceli K K K K K K
35 Gumiishane K K K K K K 74 Usak K K K K K K
36 Hakkari K K K K K K 75 Van K K K K K K
37 Hatay S S S S S S 76 Yalova S S S S S S
38 Igdir K K K K K K 77 Yozgat K K K K K N
39 Isparta K K K K K K 78 Zonguldak K K K K K K

Toplam 18S 23S 24S 245 26S 27S

S: Sinirlandirma siirveyi, K: Kesif siirveyi, Kalin yaz tipi: Calismaya dahil edilen iller

59K 54K 53K 53K 52K 51K

Cizelge 2. Siirvey bolgeleri ve bagli olduklar: bitki saglig: aragtirma kurumlari
Table 2. The provinces included in the PPV survey program in 2013-2018 years and survey statues

Cografi Bolge

Sorumlu Aragtirma Enstitiisii

Akdeniz Bolgesi

Dogu ve Giineydogu Anadolu Bolgesi

Ege Bolgesi

I¢ Anadolu ve Karadeniz Bélgeleri

Marmara Bolgesi

Adana Biyolojik Miicadele Aragtirma Enstitiisit Mudirlagi

Diyarbakir Zirai Miicadele Aragtirma Enstitiistt Mudiirligii

Bornova Zirai Miicadele Arastirma Enstitiisti Midarligi

Ankara Zirai Miicadele Merkez Aragtirma Enstittistt Mudiirligii

Atatiirk Bahge Kiiltiirleri Merkez Aragtirma Enstitiisit Mudirliigii
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Calisma siiresince sahada gézlem yapilarak alinan 6rneklerin
teshisleri EPPO tarafindan yaymlanan 7/32 sayili PPV
teshis protokoliiniin (EPPO 2004) genel esaslar1 gozetilerek
Tarim ve Orman Bakanlg: tarafindan hazirlanmis olan
“Zirai Karantinaya Tabi Zararli Organizmalar Teshis
(Anonim 2018)
kapsamda gonderilen numunelerin tamamu serolojik olarak
ELISA (Clark and Adams 1977) metodu ile ticari firmanin

onerileri dogrultusunda analiz edilmistir. Degerlendirmede

Protokollerine” gore yapimigtir. Bu

negatif kontroliin absorbans degerinin en az iki kat1 ve {izeri
degere sahip Ornekler enfekteli olarak kabul edilmistir.
Serolojik ¢aligmalar sonucunda siipheli ¢ikan 6rnekler RT-
PCR metodu ile dogrulanmustir.

RT-PCRda kullanilan toplam RNAlarin izolasyonu ticari
firmanin  Onerileri (NucleoSpin RNA Plant Mini kit-
Macherey-Nagel, USA) dogrultusunda gergeklestirilmistir.
Elde edilen toplam RNAlar PPV’nin evrensel primerleri P1/
P2 (Wetzel et al. 1992) kullanilarak 25 pl toplam hacimdeki
PCR karigimi: 8 pl 5X GoTaq Flexi Buffer, 1.25 ul MgCI?
(25 mM), 0.7 pl ANTP (10 mM), 0.25 ul GoTaq polimeraz
enzim (5 U yl), 1 ul ileri (Forward) primer (10 pM), 1 ul geri
(Reverse) primer (10 pM), 0.2 pl reverse transcriptase enzimi
(200 U pl), 0.2 pl RNase inhibitori (5000 U ml), 2 ul RNA
igerecek sekilde hazirlanmis ve niikleaz-igermeyen steril su ile
toplam hacime tamamlanmistir. Karisim ile gergeklestirilen
RT-PCR kosullary; 45 dk 42 °C siire ile gergeklestirilen cDNA
asamasinin ardindan, 94 °Cde 2 dk, 94 °Cde 30 sn, 60 °C'de 30
sn, 72 °Cdel dk ve 72 °Cde 10 dk seklinde uygulanmigtir. RT-
PCR sonucunda elde edilen 244 bp boyutundaki amplikonlar
Pronosafe (Conda, Madrid, Spain) DNA boyast ile hazirlanan
%1.5luk agaroz jelde 80 Vda 60 dk yiiriitilmis ve UV

transilluminator altinda gértintiilenmistir.

Elde edilen

ornekleri gonderen ilgili Il Tarim ve Orman Miidiirliigiine

teshis sonuglar1 zaman kaybedilmeden
bildirilmistir.
Kontrol ve eradikasyon programi

Laboratuvar ¢alismalari sonucunda PPV ile enfekteli oldugu
tespit edilen 6rneklerin alindig1 bolge, PPV talimatina gore
“bulagik alan” olarak ilan edilmis ve ardindan 1 km ¢apinda
tampon bolge olusturulmustur. Tampon bolge igerisine
fidan giris ¢ikis1 yasaklanmuis, vektorlerle ve yabanci otlarla
miicadele yapilmistir. Tampon bolgede fidanlik isletmesi var
ise yeni bahge tesisine miisaade edilmemistir. S6z konusu bu

6nlemler disinda;

a. Virlisiin meyve bahgesinde tespit edilmesi halinde,
bulasik agaglar kokler dahil yakilarak imha edilmis ve
eradikasyon yapilan bahgelerde en az tig y1l siire ile herhangi

bir konukgu bitki dikimine izin verilmemistir.

b. PPV’nin damizlik parsellerinde tespit edilmesi halinde
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bulasik bulunan ¢esit ve bu damizliktan alinan tiretim
materyali ile tretilen fidanlarin tamami eradike edilmistir.
Bulasik bulunan alandaki diger damizliklar i¢in ise 3 y1l stire

ile analizler tekrarlanarak tiretime devam edilmistir.

¢. PPV’nin fidanlik parsellerinde tespit edilmesi halinde
bulagik bulunan ¢esidin tamami eradike edilmistir.

d. Eradikasyon yapilan bitki ve bitkisel dirtinlerle ilgili

gerekli kayitlar alinmistur.
Verilerin degerlendirilmesi

Caligma stiresince iki adet veri seti olusturulmustur.
ilki 11

tarafindan olugturulan siirvey ve eradikasyon bilgileridir.

Bunlardan Tarim ve Orman Midirlikleri
Bu bilgiler siirvey yapilan alandaki makroskobik gézlem
yapilan nokta sayisi, siipheli bulunan agacglardan alinan
ornek sayisi, imha edilen agag ve bitki sayis1 verilerinden
olusmugtur. Ikinci veri grubu ise arastirma enstitiileri
tarafindan olusturulan laboratuvar analiz sonuglardir.
Bu bilgiler ise gelen Ornek sayisi, analiz sonuglari
ve raporlardan olugmaktadir. Elde edilen bu iki veri
setindeki tiim bilgiler bir biitiin haline getirilerek gézden
gecirilmis, saha caligmalar1 ile laboratuvar galismalar:
elenerek

kargilagtirilmis  ve dogrulanmayan veriler

sonuglar degerlendirmeye alinmistir.
SONUCLAR
Siirvey ve eradikasyon programi

Caligma siiresince Tiirkiyedeki 81 ilin 78’inde siirvey
calismasi yapilmis ve siirvey sonuglari tamamlanan 44 ile
ait veriler degerlendirmeye alinmigtir. Yillara gore siirvey
kapsaminda olan illerin sayist ve siirveyin statiisiinde

degisiklikler olmustur.

Ulusal ~ Sarka

makroskobik gozlemler sonucunda laboratuvar analizine

Eradikasyon = Programi  kapsaminda
gonderilen Ornek sayist 2013-2015 yillar1 arasinda hizla
artmustir. Buna bagl olarak PPV pozitif bulunan ($ekil
1) ornek sayisinda da artis olmugtur. Yillik alinan 6rnek
say1s1 en ¢ok 2015 yilinda 8411, bulagik 6rnek sayist 799’a
¢ikmigtir. Ancak bulasik agaglarin imhasi ile birlikte bulagik
agag sayist ve imha edilen aga¢ sayisinda onemli distisler
olmustur. Buna bagli olarak ¢alismanin son yili olan 2018
yilinda alinan 4495 ornekten sadece 336 adeti pozitif

bulunmugtur (Sekil 2).

Yogun siirvey ve eradikasyon ¢alismalari sonucu PPV
yayiliminda 6nemli yavaglama ve gerilemeler goriilmiigtiir.
2013 yilinda tespit edilen %35.72 bulagiklik orani 2018
yilinda 5 kat azalarak %7.47e¢ gerilemistir. Ayni sekilde
vaka (PPV enfeksiyonu tespit edilen bahge, fidanlik vb.
alan) sayist 2015 yilinda 50’ye kadar yiikseldikten sonra



Bitki Koruma Biilteni / Plant Protection Bulletin, 2021, 61 (2) : 19-32

Sekil 1. P1/P2 primer giftleri kullanilarak yapilan RT-PCR
amplifikasyonuna ait agaroz jel goriintiisii. (M: 100 bp DNA
Markor, 1-2-3; PPV enfekteli izolatlar, 4; Pozitif Kontrol, 5;
Negatif Kontrol, 6; Su Kontrol)

Figure 1. Agarose gel image of RT-PCR amplification using
P1/P2 primer pairs. (M: 100 bp DNA marker, 1-2-3: PPV
infected isolates, 4: positive control, 5: negative control, 6:
water as a negative control)
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Sekil 2. 2013-2018 yillar1 arasinda alinan ornek, bulagik

ornek ve imha edilen agag sayist
Figure 2. Number of collected samples, infected samples
and eradicated trees in 2013-2018

2018 yilinda %58 oraninda hizla diigserek 21% diigmiistiir
Bulasik bulunan il sayisinda ise 2017 yilinda artis olmus
ancak yine durum duragan seyretmis ve her yil ortalama
11 ilde PPV belirlenmistir (Sekil 3).
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Sekil 3. 2013-2018 yillar1 arasinda 6rnek alinan iller, bulasik
iller, vaka sayilar1 ve % bulagiklik oranlar1

Figure 3. The provinces taken samples in 2013-2018, the
infected provinces, the number of cases and % infection ratio
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Tiirkiyede PPV'nin dagilimi

Calisma stiresi sonucunda siirvey sonuglar: tamamlanan
44 ilde PPV yontyle siipheli agaglar tespit edilmis ve
ornekleme yapilmigtir. Alinan Orneklerden yapilan
analiz sonucunda 23 ilde PPV varlig: tespit edilmistir.
Caligma stiresince elde edilen sonuglara goére Aydin,
Bolu, Denizli, Erzincan, Kirikkale, Samsun ve Sivas
olmak tizere 7 ilde ilk kez PPV varlig tespit edilmistir.
Elde edilen sonuglar detayl1 olarak $ekil 4deki haritada

gosterilmektedir.

KARADENIZ

Sekil 4. 2013-2018 PPV siirvey sonuglar1 haritas1 (Yesil:
Stirvey yapilan ve ornek alinan iller, Sari: Siirvey yapilmig
ancak ¢alismaya dahil edilmeyen iller, Kirmizi noktali yesil
alanlar: PPV bulagik bulunan iller, Mavi: Siirvey yapilmayan
iller)

Figure 4. Map of PPV survey results in 2013-2018 (Green:
In the survey and sampled provinces, Yellow: Provinces
surveyed but not included in the study. Green areas with red
dots: Provinces infected with PPV, Blue: Provinces without
survey)

Analiz sonuglarimmn yillara gore degerlendirilmesi

PPV siirvey ¢aligmalar1 sonucu elde edilen veriler yillara
gore degerlendirildiginde, siipheli bulunarak o6rnek
alinan il sayisinin yillik ortalamasinin 2013 yilinda 25
oldugu, 2018 yilinda ise bu saymnin artarak 37 ¢iktig1
goriilmistiir. Alinan 6rneklerin sayisina bakildiginda en
¢ok Ornegin 2015 yilinda alindig1 ve sayinin 8411 oldugu
gorilmektedir. Alinan 6rneklerin PPV ile enfekteli olma
oranina bakildiginda ise ¢aligmanin basladigt 2013
yilinda %35.72 orani ile en yiiksek seviyeye ¢iktigi, 2017
yilinda %7.42 orani ile en dusiik seviyeye geriledigi
kaydedilmistir. Vaka sayisinin 2013 yilinda 26 oldugu,
2015 yilinda bu sayinin artarak 50’ye ¢iktig1 ve devaminda
%58 oraninda azalarak 2018 yilinda 2l geriledigi
kaydedilmistir. Caligma siiresince 72.408 adet fidan ve
6.460 adet aga¢ olmak {izere toplam 78.868 bitki imha
edilmistir. Aga¢ imhasinin 2.631 adet ile en ¢ok 2013
yilinda, fidan imhasinin ise 64.663 ile en ¢ok 2018 yilinda
yapildig1 gorilmistiir. Yillar bazinda en az imhanin ise
2016 yilinda, en ¢ok imhanin ise 2018 yilinda yapildig:

gorilmektedir (Cizelge 3).



Bitki Koruma Biilteni / Plant Protection Bulletin, 2021, 61 (2) : 19-32

Cizelge 3. Yillara gore elde edilen siirvey ve eradikasyon verileri
Table 3. Surveillance and eradication data obtained according to years

Yillar il A0S B.O.S. V.S. B.O. % ILEAS. L.E.ES. TLS.
2013 25 1117 399 26 35.72 2631 2173 4804
2014 27 2367 787 23 33.24 1431 507 1938
2015 27 8411 800 51 9.49 1227 - 1227
2016 33 1650 148 23 8.96 667 - 667
2017 32 3354 249 17 7.42 291 5065 5356
2018 37 4495 336 21 7.47 213 64663 64876
Toplam 21394 2719 161 12.70 6460 72408 78868

AQS: Alinan érnek sayst, BOS: Bulagik drnek sayisi, VS: Vaka sayisi, BO: Bulasiklik orani, IEAS: Imha edilen agag sayis1, [EFS: Imha edilen fidan sayis1, TIS: Toplam

imha sayis1
Analiz sonuglarinin bitki tiirlerine gore degerlendirilmesi

Caligma siiresince 7 bitki tiirtinde 6rnekleme yapildigs, bir
grubun ise tir diizeyinde tanimlanmamus sert gekirdekli
meyve grubu (Mahlep, Siis erigi, Japon kayisist vb.) olmak
tizere toplam sekiz grupta incelenmistir. Alinan toplam
21.394 6rnegin 7.597 adeti kayist olup, toplam 6rneklerin
icinde %35.50 ile birinci sirada yer almaktadir. Ornek
sayist ile ilk sirada yer alan kayis: bitkisi, bulagiklik orani
olarak %16.70 ile ikinci sirada yer almaktadir. Ayrica
calismanin tamaminda belirlenen 161 adet PPV ile bulasik
alanlarin 62 adedi yani %38.50’si de yine kayis: tiiriinde
belirlenmistir. Ancak 5.277 6rnek sayisi ile toplam alinan
ornek sayisi i¢inde ikinci sirada yer alan erik bitkisi, 988
PPV pozitif 6rnek sayis1 ve %18.72 ile bulagiklik orani
ile PPV’nin en yaygin oldugu tiir olarak tespit edilmistir.
Seftali bitkisi i¢in 384 PPV pozitif 6rnek sayis1 ve %14.79
bulagiklik orani ile en riskli tiglincii tiir olmustur. Diger
6nemli bir sert gekirdekli meyve tiirii olan nektarin de
ise alinan 367 6rnegin 47’si PPV ile bulagik bulunmus ve
%12.80 ile yiiksek bir bulasiklik orani tespit edilmistir.
Ancak badem, kiraz ve vigne bitkileri i¢in sirasiyla %2.67,
%0.22 ve %0.13 oranlari ile diisitk seviyelerde bulagiklik
tespit edilmistir. Eldeki verilere gore tiirler diizeyinde erik
9%18.72 bulagiklik orani ile PPV’nin en yogun bulundugu
tiir iken, visne %0.13 bulagiklik orani ile PPV’nin en az

bulundugu bitki tiirii olmustur (Cizelge 4).

Cizelge 4. Yillara gore elde edilen siirvey ve eradikasyon verileri
Table 4. Surveillance and eradication data obtained according to years

Caligma siiresince Cizelge 4de goriildiigii tizere PPV’nin
konukgusu oldugu bilinen tiim tiirlerde PPV tespit edilmis
olmasina ragmen en riskli tiirlerin sirasiyla erik, kayusi,

seftali ve nektarin oldugu ve bu tiirlerde ortalama enfeksiyon

Bu tiirlerden sonra en riskli tiiriin badem oldugu kiraz ve
visnenin ise PPV’nin konukgusu oldugu ama yayginlik

oraninin diisiik oldugu goriilmektedir.
Analiz sonuglarinin il diizeyinde degerlendirilmesi

Calismada fidanliklar, meyve bahgeleri, ev bahgeleri ve
sehir merkezleri olmak {izere yaklasgtk 60 bin noktada
makroskobik gozlem yapilmistir. Saha ¢alismalarinda
yapilan makroskobik incelemeler neticesinde 44 ilde
bulunan bitkilerden 21.394 adet 6rnek alinarak laboratuvar
analizi yapilmis ve 23 ilde 2.719 6rnek PPV ile bulagik
bulunmustur. Elde edilen bu sonuglara gore 6rnek alinan
illerin %52.27’sinde PPV tespit edilmistir. Alinan 6rneklerin
yalnizca %12.70’'ine denk gelen bu oran illere gore 6nemli
farklihiklar arz etmistir. Vaka sayis1 bakimindan 46 vaka ile
toplam vakalarin %28.75'nin goriildiigi Ankara ilinde, PPV
bulagiklik orani tilke ortalamasi olan %11.68’in altinda %7.49
olarak belirlenmistir. Laboratuvar sonuglarina gére PPV’nin
en yogun oldugu iller ise sirastyla Denizli (%58.90), Kayseri
(%53.53) ve Aydin (%50.92) olmugtur. Vaka sayist agisindan

Ankara ilinden sonra 22 vaka sayisi ile Kayseri ikinci ve 16

Bitki Tiirii AOS. 0.0. (%) B.O.S B.O. (%) V. VO.(%)  LEAS L.EES
Erik 5277 24.66 988 18.72 49 30.43 2339 45565
Kay1st 7597 35.50 1269 16.70 62 38.50 1060 7397
Seftali 2595 12.12 384 14.79 38 23.60 1943 16939
Nektarin 367 1.71 47 12.80 5 3.10 374 1500
Badem 897 4.19 24 2.67 3 1.86 - 500
Kiraz 1308 6.11 3 0.22 1 0.62 1 -
Visne 732 3.42 1 0.13 2 1.24 1 -
Sert Cekirdekli 2621 12.25 3 0.11 1 0.62 742 507
Toplam 21394 100 2719 12.70 161 100 6461 72408

AQS: Alinan érnek sayist, OO: Ornek orani, BOS: Bulasik 6rnek sayisi, BO: Bulagiklik orani, VS: Vaka sayisi, VO: Vaka orany, IEAS: Imha edilen agag sayisi, IEFS:
Imha edilen fidan sayist
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vaka saysi ile Izmir {igiincii sirada yer almaktadir. Caligma yapilan il sayisinda 6nemli bir degisim olmamus, 2015 ile
siiresince Antalya, Bolu, Kahramanmaras, Kocaeli ve Sivas'ta 2017 yilinda 12, diger yillarin tamaminda yillik olarak 11
sadece l'er vaka tespit edilmistir. Yillar bazinda eradikasyon ilde eradikasyon ¢aligmasi yapilmistir (Cizelge 5).

Cizelge 5. 2013-2018 yillar1 arasinda iller bazinda yapilan galismalar
Table 5. Studies conducted on the basis of provinces in 2013-2018

No fller A.OS. B.O.S. V.S. LE.A.S. LE.ES. TLS. E.O. (%)
1 Adana 67 - - - - - 0
2 Adiyaman 166 - - - - - 0
3 Afyonkarahisar 200 - - - - - 0
4 Aksaray 15 5 2 13 - 13 33.33
5 Ankara 10769 807 46 845 - 845 7.49
6 Antalya 61 4 1 4 - 4 6.55
7 Aydin 108 55 5 415 3373 3788 50.92
8 Batman 2 - - - - -
9 Bingol 7 - - - - -
10 Bitlis 46 - - - - - 0
11 Bolu 278 3 1 3 - 3 1.07
12 Burdur 23 - - - - - 0
13 Bursa 224 51 6 1477 - 1477 22.76
14 Canakkale 322 232 4 232 - 232 39.13
15 Cankur1 8 - - - - - 0
16 Denizli 73 43 8 243 - 243 58.90
17 Diyarbakir 14 - - - - - 0
18 Edirne 122 21 5 700 - 700 9.13
19 Elazig 377 - - - - - -
20 Erzincan 132 12 3 22 - 22 9.09
21 Erzurum 111 - - - - - 0
22 Hatay 645 132 11 811 3865 4676 22.18
23 Igdir 98 - - - - - 0
24 Istanbul 56 - - - - - 0
25 Izmir 3457 480 16 640 64646 65286 13.88
26 Kahramanmarag 74 2 1 37 - 37 2.70
27 Karaman 12 - - - - - 0
28 Kayseri 1201 643 22 684 - 684 53.53
29 Kirikkale 11 1 1 1 - 1 9.09
30 Kirklareli 47 - - - - - 0
31 Kocaeli 14 4 1 4 - 4 28.57
32 Konya 233 62 5 98 - 98 26.60
33 Malatya 1039 - - - - - 0
34 Manisa 51 16 4 20 - 20 31.37
35 Mardin 279 - - - - - 0
36 Mersin 302 72 6 111 524 635 23.84
37 Osmaniye 51 - - - - - 0
38 Samsun 88 29 7 34 - 34 32.95
39 Siirt 20 - - - - - 0
40 Sivas 21 3 1 25 - 25 14.28
41 Tekirdag 75 6 2 6 - 6 8.00
42 Van 43 - - - - - 0
43 Yalova 410 36 3 36 - 36 8.78
44 Yozgat 42 - - - - - 0
Toplam 21394 2719 161 6461 72408 78869 11.68

AQOS: Alinan 6rnek sayls1, BOS: Bulagik 6rnek saysi, VS: Vaka saysl, {EAS: imha edilen agag sayisl, {EFS: Imha edilen fidan sayisl, TiS: Toplam imha sayisi, EO:
Enfeksiyon orani
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Ornek alian illerdeki vaka sayilari ile % enfeksiyon
Sekil 5de

Goruldugt tizere enfeksiyon orani ile vaka sayisi arasinda

oranlarinin  kargilastirilmasi verilmistir.
dogrusal bir iliski yoktur. Ornegin Ankarada yiiksek
vaka sayist olmasina ragmen enfeksiyon orani digik,
Denizlide ise vaka sayisi az olmasina ragmen enfeksiyon
orani yiiksek ¢ikmustir. Bu durumun Ankarada kapama
bahcelerden daha ¢ok ev bahgelerinde ve hobi bahcelerinde
PPV enfeksiyonunun yiiksek olmasindan kaynaklandig:
kanaatine varilmistir. Genel degerlendirmede Tiirkiyede
PPV’nin bulagsma kaynaginin enfekteli tiretim materyali
oldugu, bu nedenle damizlik parsellerinde, fidanliklarda
ve fidan {iretim alanlarinda siirvey galismalarinin daha

6nemli oldugu goriilmektedir.
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Sekil 5. ller bazinda 6 yil boyunca tespit edilen PPV vaka
sayis1 ve enfeksiyon orani

Figure 5. Number of PPV cases and infection rate detected
over 6 years on a provincial basis

Proje kapsaminda Tiirkiye cografyasinin 9%54.32° si
kismi olarak taranmis, 44 ilde 6rnekleme yapilmis ve 23
il ile tilkenin %27.3’inde PPV varligi tespit edilmistir.
Ayni sekilde analiz yapilan 21 ilde hi¢ PPV varlig: tespit
edilmemigtir. Adana, Bingdl, Bitlis, Cankiri, Elazig,
Istanbul, Malatya, Mardin, Kirklareli, Karaman, Osmaniye,
Erzurum, Igdur, Sivas, Tekirdag olmak iizere toplam 15 ilde
en az ardisik 3 yil ve daha uzun siire siirvey yapilmasi,
ornek alinmasi ve sonuglarin negatif gtkmasi sonucu; eldeki
veriler kullanilarak bu iller resmi olarak PPV'den ari alan
ilan edilebilir. Projede 6 yil boyunca Denizli ve Izmirde,
5 yil boyunca ise Bursa, Mersin, Hatay ve Samsunda PPV
vakalari stireklilik arz etmistir. Bu nedenle bu iller en riskli
grupta kabul edilmistir (Cizelge 5).

Eradikasyon yapilan bitki tiirlerinin degerlendirilmesi

Caligma stiresince 72.408 adedi fidan, 6.461 adeti aga¢
olmak tizere toplam 78.869 adet bitki imha edilmistir.
Imha edilen bitkilerin icinde fidanliklardaki bitkilerin
orani %91.81dir. Bu bitkilerin 45.565 adeti erik, 16.939
adeti seftali, 7.397 adeti kayis1, 1.500 adeti nektarin, 500
adeti badem ve 507 adeti tamimlanmamis diger sert
¢ekirdekli fidanlardan olugmaktadir. Bahgelerde imha
edilen agaclarin toplam imha igindeki payr %8.19'dur.
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Tiir bazinda sayilara bakildiginda 2.339 erik, 1.943 seftali,
1.060 kayisi, 374 nektarin, 1 kiraz, 1 vigne ve 742 tanesi ise
tanimlanmamig diger sert ¢ekirdekli meyve agaglarindan

olusmaktadir (Cizelge 4).

Imha edilen tiim bitkilere tiirler bazinda bakildiginda
imha edilen bitkiler iginde 47.904 adet ile erik ilk siray1
alirken, 18.882 adet ile seftali ikinci sirayi, 8.457 adetle
kayis1 tigiincti sirayr almaktadir. Bunlari devaminda ise
1.874 adet nektarin, 500 adet badem, 1 adet kiraz, 1 adet
visne ve 1.249 adet tiirii bildirilmemis sert gekirdekli
meyve cinsinden bitki gelmektedir (Cizelge 4).

Caligma stiresince imha yapilan toplam fidanlik sayist 10
adet olup, bulasik bulunan tiim parseller imha edilmistir.
PPV bulasik bulunan veya imhasina karar verilen bitkiler
kok, kisimlari ile birlikte ilk 6nce s6kiilmis (Sekil 6), daha
sonra bulundugu bolgeden tasinmis ve yakilarak imha
edilmigtir (Sekil 7). Imha islemleri genel olarak PPV’nin
tespit edildigi yilin i¢inde ve yaz aylarinda yapilmigtir.
Yillar gectikge imha edilen agag sayisinda azalma, imha
edilen fidan sayisinda artis olmustur. 2013 yilinda 2.631
aga¢ imha edilirken 2018 yilinda bu say1 213 gerilemis
yani son yil imha edilen aga¢ sayisy, ilk yilin ancak %8’i
olmustur. {1k y1l imha edilen fidan say1s1 2.173 iken, bu say1
son yilda (2018) 64.663 olarak gerceklesmis ve yaklasik 30
kat artmigtir (Cizelge 3).

r

Sekil6. Enfekteli agaglarin kokleri ile birlikte sokiilme 1§le1
Figure 6. Uprooting of infected trees with their roots

‘Se'kil7. Enfekteli agaglarin yakilarak imha edilmesi
Figure 7. Destroying infected trees by burning

TARTISMA VE KANI

PPV’nin Tiirkiyedeki varlig1 yaklasik 50 yildir bilinmektedir
(Sahtiyanci 1969). Bu siire zarfinda hastaligin bulundugu
iller, viriisiin irklari, karakterizasyonu, hangi konuk¢u bitki
tiirlerin bulundugu, vektorleri ve belirtileri tizerine 6nemli
calismalar yapilmustir (Sertkaya 2003, Serge et al. 2009, Koc
and Baloglu 2006, Teber and Giircan 2016, Giircan 2017,
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Glircan et al. 2019, Giircan et al. 2020). PPV’nin iilkemizdeki
varlig1 ve yayginligi hakkinda yapilan en kapsaml galigmada
2007-2010 yullar1 arasinda 56 ilde 5.762 numune alinarak
calisglmig ve Ege, Marmara, Orta Anadolu ve Akdeniz
bolgeleri bulagik bulunmugtur (Akbas et al. 2011). Bu
caligmadan sonra baz1 il ve bolgelerde de yayginlik ¢aligmalar:
yapilmugtir (Giircan 2016, Giircan 2017). Yaygilik calismalar:
ile beraber hastaligin miicadelesi amaciyla sertifikasyon
sistemi kurulmus ve etmenin tespit edildigi yerlerde yerel
imkanlarla eradikasyon calismalar1 hizlandirilmistir. Ornegin
Mersin, Hatay, Adana illerinde 2007 yilindan sonra degisik
zamanlarda yerel imkanlar ile eradikasyon ¢aligmalar:

yapimistir (Yurtmen et al. 2013, Yurtmen et al. 2017).

(Cambra et al. 2006b) ve

enfeksiyonun ¢ok erken bir agamasinda tespit yontemlerinin

Epidemiyoloji ¢aligmalar1

gelistirilmesi (Olmos et al. 2006) hastaligin daha iyi
yonetilmesine Onemli katkilar saglamaktadir. Bitki viriis
hastaliklarinin  inokulum kaynaklarinin azaltilmas: veya
ortadan kaldirilmasi amaciyla eradikasyon yapilmas: 6nerisi
uzun yillardir bilinen ve 6nerilen bir miicadele yontemidir
(Agrios 1988, Stevens 1983). Rimbaud et al. (2015) tarafindan
yapilan bir ¢aliymada, PPV miicadelesinde viriisten ari bitki
dikimi, dayanikli c¢esit kullanimi, siirvey ve eradikasyon
yontemlerinin bagarisi diinya ¢apinda elde edilen sonuglar
tizerinde degerlendirilmistir Bu ¢alisjma sonucunda,
PPV’nin epidemiyolojik 6zellikleri, yayginlig ve vektorlerin
varhig1 ve etkinligine gére eradikasyonun basarili miicadele
yontemlerinden biri oldugu belirlenmistir. Ancak PPV’ye
kars1 yapilan eradikasyon ¢aligmalar iilkelerin programlarina
ve PPV’nin yogunluga gére farkli sonuglar vermistir. ABD’nin
Pensilvanya eyaletinde 1999-2009 yillar1 arasinda yiiritiilen
PPV eradikasyon programi bugiine kadar yiiriitiilen en basaril
eradikasyon programlarindan biri olarak kabul edilebilir.
Bu program kapsaminda, 10 yida yihik ortalama 40 bin
ornek test edilmis ve yaklagik 6778 dekar bahge alani eradike
edilmistir. Calismanin sonucunda, 2000 yilinda %0.77 olan
PPV yogunlugunun 2008 yilinda sifira diistiigii gorilmiistiir
(Welliver et al. 2014). Diger énemli bir bagari ise Italyanin
Puglia bolgesinde 1990-2005 yillar1 arasinda yiiriitillen 15 yillik
PPV eradikasyon programidir. Bu programda 15 yilda 26 bin
bitki test edilmis, 2 km yarigapinda tesis edilmis olan giivenlik
band: i¢inde 47 bahge imha edilmistir (Myrta et al. 2006).
Ancak Kanada, Sili, Japonya gibi iilkelerde ise eradikasyon
¢aligmalar1 sonucu PPV tamamen imha edilememis olsa da
ok biiyiik bir bagart ile kontrol altina alinmustir (Fujiwara et
al. 2010). Silide 1994 yilinda PPV 'nin tespit edilmesinin hemen
ardindan baglayan eradikasyon sonucunda, 1995 yilinda
%1.63 olarak tespit edilirken bu oran 1999 yilinda %0.008e
gerilemistir. Ancak Sili ekolojisinde vektor boceklerin tiim
yil aktif olmasi, fidan tiretiminde oturmus bir sertifikasyon

sisteminin bulunmamasi, Sili kosullarinda viriis-vektor
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iligikleri ile epidemiyolojisine dair verilerin eksik olmasindan
dolay1 eradikasyon programu istenilen sonucu vermemistir.
Silide eradikasyon programinda belirti gostermeyen bitkilerin
de imha edilmesi ve hastaligin az ya da ¢ok yogun oldugu
bolgelerde yogun olarak eradikasyon programinin devami

onerilmistir (Herrera 2013).

Tiirkiye diinyanin en énemli sert ¢ekirdekli meyve ve fidan
ihracatcist tlkelerinden biri olmasi sebebi ile PPV’nin
kontrolii ve yok edilmesi 6nemli bir stratejidir. Yukarida da
bahsedildigi gibi diger tilkelerde yiiriitiilen ¢alismalar ile bu
calismadan elde edilen veriler karsilastirildiginda, Tiirkiyede
de PPV ile miicadelede siirvey ve eradikasyonun son derece
etkili bir yontem oldugu goriilmektedir. Caligma siiresince
60.000 noktada makroskobik gozlemler yapilmis ve 21.394
adet sert cekirdekli bitki analiz edilmistir. Ozellikle analiz
sayisinin artmast ile tampon bolge sayilart artmis ve PPV
stirekli kontol altinda tutulmaya ¢alisilmistir. Analiz sayisi, iyi
planlanmus siirvey programlari ve gerekli izlemenin yapildig:
bir eradikasyon programi ile PPV enfeksiyon oraninin ve

vaka sayilarinin 6 yillik siire icinde geriledigi gortilmiistiir.

Siirvey ve eradikasyon ¢alismalarinda basarili olabilmenin
diger 6nemli bir unsuru da bolgede mevcut PPV irklarinin,
muhtemel konukgularin ve vektorlerin belirlenmesi ile latent
enfeksiyonlarin tespit edilebilmesi igin gerekli yontemlerin
gelistirilmesidir. Bulagik bitkilerin en kisa zamanda imhasi,
vektor boceklere karsi kimyasal miicadele yapilmast, vektorlere
ara konukguluk yapacak bitkilerin imhasy; eradikasyon
¢aligmalarinin basarisini arttirmaktadir (Rimbaud et al.
2015). Tim bu ¢alismamalarin siirdiiriilebilir bir basariya
gotlirmesi ise siirvey ve eradikasyon ¢almmalarimin
ulusal bitki saglig1 otoritesi tarafindan planlanarak sahada
izlenmesi, 5 yil boyunca PPV tespit edilmeyen bolgelerin
ari alan ilan edilmesi ve tiim fidan ireticilerinin bitki
pasaportu yonetmeligi hitkiimlerine uymast ile elde edilebilir.
Giiniimiize kadar eradikasyon yoluyla viriis hastaliklarinin
miicadelesinde Avusturalyada Banana bunchy top virus
(BBTV) ve Sugarcane Fiji disease virus (SCFDV), Amerika
ve Avrupada Citrus tristeza virus (CTV) ve Plum pox virus
(PPV), Ganada Cacao swolen shoot virus (CSSV) etmenlerine
kars1 biiyiik bagarilar elde edilmistir. Ancak tretim yapan
kisilerin hasta bitkilerin bir miktar meyve vermesinden ya
da belirti gostermeyen komsu bitkilerin imha edilmesinden
dolay1 gelir kaybi yasamalar1 ve bu nedenle eradikasyon
caligmalarina destek vermedikleri goriilmiistiir (Thresh
2003). PPV eradikasyon ¢aligmalarinda da bahge sahiplerine
biiyiik mali yiikler getirmesinden dolayi, agaglar1 imha
edilen treticilere makul bir siire ve miktarda destekleme
6demesi yapilmasinin ¢alismalar: kolaylastiracagi ve bagariy
artiracagl beklenmektedir. Bu sebeple Tarim ve Orman
Bakanlig: tarafindan 15 Kasim 2019 tarihinde resmi gazetede
yaymnlanan Bitki Karantinasi Tazminati Destegi Uygulama
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Tebligi cercevesinde PPV ile enfekteli bitkisel tirtinler igin
destekleme &demeleri baglamigtir. Bu teblig sayesinde
tilkemizde yapilacak olan PPV eradikasyon g¢aligmalarini
daha kolay bir hale getirecek ve basari sans: yiikseltecektir.
Eradikasyon ¢alismalar ile beraber vektor tiirlerle etkili bir
miicadelenin yapilmasi, viriisten ari tiretim materyallerinin
kullanilmasi ve dayanikli gesitlerin kullanilmasi ile PPV'den

ari bolgelerin sayisinin arttirilacag diistiniilmektedir.
TESEKKUR

Bu ¢alismada analizlerin yapilmasinda biiyiik emekleri olan
Tarimsal Arastirmalar ve Politikalar Genel Midiirliigiine
bagl Enstiti Midiirliklerimizde goérevli olan ¢alisma
arkadaglarimiz Dr. Mahmut YEGUL, Dr. Elen INCE, Dr.
Pelin KELES OZTURK, Dr. Sefika YAVUZ, Dr. Pakize GOK
GULER, Dr. Aydan KAYA, Sabriye OZDEMIR ve Feyzullah
YILMAZ’a sonsuz tesekkiirler sunuyoruz.

Ayrica ¢aligmada emegi gecen Tarim ve Orman Bakanligi
Gida ve Kontrol Genel Miidiirligii Bitki Sagligi ve Karantina
Daire bagkanliginda gorevli personeller ile Bakanlik i1 ve
flge Miidiirliiklerinde gorevli tiim ¢alisanlar ile ¢aligma
stiresince her tiirlii katkiyr sunan belediye personelleri ve

tireticilerimize tesekkiirlerimizi bir borg biliyoruz.
OZET

Plum pox virus (PPV), sert gekirdekli meyve tiirlerinin
bilinen en tehlikeli viral etmenidir. PPV vektor yaprakbitleri
tarafindan taginmakta ve sert ¢ekirdekli meyve agaglarinda
ozellikle erik, kayisi ve seftalinin meyveleri, yapraklar: ve
ciceklerinde ciddi hasarlara neden olmaktadir. Enfekteli
bitkilerin eradike edilmesi, PPV'ye kars1 alinmasi gereken
tedbirlerin baginda gelmektedir. Bu g¢aligmanin temel
amacy; Ulusal Bitki Sagligi Kurumu olan, Tarim ve Orman
Bakanligi Gida ve Kontrol Genel Midiirliigii (GKGM)
tarafindan 2013-2018 yillar1 arasinda yuritilen Ulusal
PPV siirvey ve eradikasyon programinin sonuglarini
degerlendirmektir. Alt1 yillik ¢alisma siiresince Tiirkiyede
yaklasik 60.000 bitki makroskobik olarak incelenmis ve
yedi farkli meyve tiiriinde toplam 21.394 bitkiden 6rnek
(¢igek, yaprak ve meyve) alinmistir. Alinan 6rnekler ELISA
(Enzyme Linked Immunosorbent Assay) metodu ile analiz
edilmistir. ELISAda sgiipheli sonug¢ veren ornekler, RT-
PCR (Reverse Transcription Polymerase Chain Reaction)
yontemi ile dogrulanmigstir. Test sonuglarina gore 161
farkli noktadan alinan orneklerin 2.7181 PPV pozitif
olarak tespit edilmis ve enfeksiyon ortalamasi alt1 yil
boyunca %12.70 olarak hesaplanmistir. Calisma siiresince
78.868 bitki eradike edilmis, yogun siirvey ve eradikasyon
programi sonucunda PPV enfeksiyon oraninin %35.72'den
%7.47'ye geriledigi goriilmiistiir. Diger taraftan, daha 6nce
PPV'den ari olarak bilinen yedi ilde (Aydin, Bolu, Denizli,
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Erzincan, Kirikkale, Sivas, Samsun) PPV’nin varlig
belirlenmis ve eradikasyonu gergeklestirilmistir. Yapilan bu
¢aligma sonucunda eradikasyon uygulamalarinin PPV nin
bulasma ve yayilmasini baskilamada ¢ok etkili bir yontem
oldugu ortaya konmustur. Buna ek olarak ulusal siirvey ve
eradikasyon programina iilke ¢apinda devam edilmesi ve

fidanliklarda yogunlastirilmasi kanaatine varilmistir.

Anahtar kelimeler: eradikasyon, PPV, sert ¢ekirdekli meyve,

sarka, virtis
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Due to the importation of lumber, timber, and wooden packaging materials via
international ports, Kocaeli province is at risk of contamination of invasive forest
pests, which is mentioned in the European and Mediterranean Plant Protection
Organization (EPPO) alarm list. Fieldworks were carried out between March
2016 and October 2017 to determine the fauna of the family Cerambycidae

Keywords:

(Coleoptera) in Kocaeli province. Species and specimen numbers were evaluated.
Cerambycidae, invasive, forest pest, . . ) . - L .
fauna, Kocaeli Sixty-two species belonging to 39 genera were identified within 24 tribes, that

classified under five subfamilies of Cerambycidae. Cerambycinae was the most

represented subfamily with 29 species (634 specimens), and Prioninae was
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the least represented subfamily with three individuals in two species. Thirty-six
PN sener.atak@tarimorman.gov.tr

of 62 species were the new records for Kocaeli province. Among them, Leptura

aurulenta was reported for the second time in Turkey.

INTRODUCTION

The family Cerambycidae is known as one of the largest
groups of beetles, with 33,954 described species worldwide
(Tavakilian and Cheviiotte 2020). It is impossible to give a
precise number about the fauna of Turkey since the studies
on this subject are still inadequate. According to L&bl
and Smetana (2010), the number of cerambycid species
and the subspecies, which are reported from Turkey
approximately 650 and, but according to Ozdikmen
(2012) about 824.

Cerambycidae was studied under different xylophagous

or phytophagous groups such as Pseudotetramera,
Phytophaga, Chrysomeloidea, and Cerambycoidea together
with Chrysomelidae and Bruchidae. Larvae of the most
cerambycid species are xylophagous, and others feed in

roots or stems of some gramineous plants (Gnjatovic
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and Zikic 2010). Larvae hollow out the roots, trunk, and
branches up to their core. Therefore, they cause to death of
trees also, some species damage woody crops and natural
landscapes (Ocete et al. 2010). Compare to larvae, the harm
caused by adults is negligible. The adults trigger decaying of
the barks and trunks, causing various deformations in plants
(Giil-Ziimreoglu 1975).

Despite the intense studies of species records conducted
in Turkey including Breuning (1962), Danilevsky and
Skrylnik (2021), Acatay (1971), Adlbauer (1988, 1992),
and the evaluations of some ecological properties of
cerambycids such as Sabanoglu and Sen (2016), our
knowledge is still insufficient. Detailed studies of the
Cerambycidae have not been accomplished for all

provinces, including Kocaeli.
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The high volume of importation of industrial woods and
wooden packaging materials increases the risk of invasion of
the long-horned beetle pests, which in the alarm list of EPPO
(Haack et al. 2014), although the phytosanitary measures
(Allen etal. 2017). Kocaeli is one of the most critical provinces

with 35 international ports, where intense forest products

are being imported. Moreover, there are large industrial
enterprises, where forest products (round timber, lumber,
industrial wood chips, and wooden packing materials) are
stored and shipped. These conditions might facilitate the
invasion of some forest pests such as Anoplophora chinensis
(Forster, 1771) and Anoplophora glabripennis (Motschulsky,

Table 1. Sampling locations and their abbreviations, coordinates and altitudes

Location Collecting points Latitude Longitude  Altitude (m) Locago?
abbreviation

Umuttepe IUCF 40.827616 29.914468 470 U (1)
Umuttepe IUCF 40.827546 29.913539 484 U(2)
Umuttepe IUCF 40.829273 29.918154 460 U (3)
Umuttepe IUCF 40.828907 29.917394 426 U (4)
Umuttepe IUCF 40.821287 29.920964 390 U (5)
Umuttepe IUCF 40,829796 29,912649 479 U (6)
Gebze Gebze-Kastamonu Integrated Wood Storage Area  40.819622  29.493633 172 K (1)
Gebze Gebze-Kastamonu Integrated Wood Storage Area  40.819576  29.493635 173 K(2)
Gebze Gebze-Kastamonu Integrated Wood Storage Area  40.825921 29.497796 208 K (3)
Gebze Gebze-Kastamonu Integrated Wood Storage Area  40.825900  29.497778 153 K (4)
Gebze Gebze-Kastamonu Integrated Wood Storage Area  40.824195 29.500479 116 K (5)
Gebze Gebze-Kastamonu Integrated Wood Storage Area  40.827098  29.498562 135 K (6)
Gebze Gebze-Kastamonu Integrated Wood Storage Area  40.711247  30.051805 57 K (7)
Gebze Gebze-Kastamonu Integrated Wood Storage Area  40.753890  29.141405 197 K (8)
Gebze Gebze-Aksemseddin Village 40.826131 29.498105 113 GAV (1)
Gebze Gebze 40.809781 29.504220 150 G (1)
Gebze Gebze 40.809740  29.516636 162 G(2)
Gebze Gebze 40.805713 29.498592 160 G(3)
Gebze Gebze 40.809302 29.517027 144 G (4)
Derince Derince-Yenikent City Forest 40.785182 29.851676 309 Y (1)
Derince Derince-Yenikent City Forest 40.782301  29.851738. 262 Y (2)
Derince Derince-Yenikent City Forest 40.788705 29.845931 302 Y (3)
Derince Derince-Yenikent City Forest 40.788767  29.845592 298 Y (4)
Derince Derince-Yenikent City Forest 40.787594 29.845756 305 Y (5)
Derince Derince-Yenikent City Forest 40.787113 29.845872 303 Y (6)
Derince Derince-Yenikent City Forest 40.785965 29.846684 294 Y (7)
Derince Derince-Yenikent City Forest 40.787174 29.846250 277 Y (8)
Derince Derince-Yenikent City Forest 40.787585 29.846778 280 Y (9)
Yenikoy Yenikdy-Basiskele 40.689081  29.901569 70 YB (1)
Yenikoy Yenikdy Cevizlik Bosphorus Area 40.700071  29.898648 22 YC (1)
Yenikoy Yenikdy Streamside Locality 40.699439  29.910664 22 YD (1)
Yenikoy Yenikdy Shed Locality 40.696860  29.894771 35 YS (1)
Yenikoy Yenikoy Kirazlikent Locality 40.695407 29.899156 182 YK (1)
Yenikoy Yenikoy Kavakliklar Locality 40.695407  29.899156 123 YK (2)
Yenikoy Yenikdy Across Cemetery Meselik Locality 40.692064  29.898662 55 YAC (1)
Yenikdy Yenikéy Cayirlik Locality 40.691000  29.901739 62 YCL (1)
Yenikoy Yenikoy Bahgeler Locality 40.695407  29.899156 32 YBL (1)
Yenikoy Yenikdy-Degirmenler Arasi Locality 40.689103  29.902835 65 YDAL (1)
Bahcecik Bahcecik 40.679212 29.925200 236 BA (1)
Kandira Kandira-Kerpe ResearchForest 41.145316  30.186889 101 KF (1)
Kandira Kandira-Kerpe Beach 41.145316 30.186889 6 KKB (1)
Kandira Kandira-Dongelli 41.002287  30.171732 72 KD (1)
Kandira Kandira-Akgaova Village 41.050622 29.944146 172 KAV (1)
Kartepe Kartepe-Yildiz MDF Wood Storage Area 40.763898  30.034718 15 KYM (1)
Kartepe Kartepe-Ketenceler 40.754233  30.141611 197 KK (1)
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1853). For example, A. chinensis spread by ornamental plants
to Istanbul, and its eradication works still going on. The
critical importance of such types of invasions could be more
understandable considering that, the cost of A. glabripennis to
China is 1.5 billion dollars (Hizal et al. 2014).

The study aims to determine the cerambycids of the Kocaeli

province, considering their geographical distribution.
MATERIALS AND METHODS

Cerambycidae specimens were collected from various
habitats in Kocaeli province between March 2016 and
October 2017. Depending on the vegetation and the target
beetle, Scandinavian-type three-funnel traps, light traps,
and pitfall traps were used. Also, hand collecting and
insect nets were used for flower-visiting species. The traps
were established in the forest areas with different altitudes,
especially close to the harbors, where imports are made
(both coniferous and broad-leaved), at the end of February.
On the other hand, sampling was carried out in urban and
sub-urban towns (Table 1): Izmit Umuttepe City Forest
[U (1-6)], Gebze [G (1-4)], Gebze Kastamonu Integrated
Wood Storage Area [K (1-8)], Gebze Aksemseddin
Villas [GAV (1)], Derince Yenikent City Forest [Y (1-9)],
Yenikoy Basiskele [YB (1)], Yenikdy Cevizlik Area [YC
(1)], Yenikoy Streamside Locality [YD (1)], Yenikoy Shed
Locality [YS (1)], Yenikdy Kirazlikent Locality [YK (1)],
Yenikoy Kavakliklar Locality [YK (2)], Yenikdy Across
Cemetery Meselik Locality [YAC (1)], Yenikdy Cayirlik
Locality [YCL (1)], Yenikdy Bahgeler Locality [YBL (1)],
YenikSy Degirmenler Arast Locality [YDAL (1)], Bahgecik
[BA (1)], Kandira Kerpe Research Forest [KF (1)], Kandira
Kerpe Beach [KKB (1)], Kandira Doéngelli [KD (1)],
Kandira Ak¢aova Village [KAV (1)], Kartepe Yildiz MDF
Wood Storage Area [KYM (1)] and Kartepe Ketenceler
[KK (1)].

Pheromones (ipsdienol, ethanol), acetic acid, and soap
solutions were used to attract longhorn beetles. Taking
into consideration the seasonal intensity and the releasing
period of the attractants, which were hung on the traps,
checking up was conducted once a week or two weeks. The
consumed packages of attractants were replaced by new
ones. The controls of the traps were started up when the air
temperature reached 20 °C in March and terminated at the
end of October.

The identification keys of Bense (1995), Breuning (1962,
1978), Harde (1966), Ozdikmen (2013), Ozdikmen and
Turgut (2009a, 2009b, 2009¢c, 2009d, 2009¢), Zamaroka
and Panin (2011) were used for diagnosis of the specimens.
Samples were stored at Kocaeli University, Biology
Department, Turkey.
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RESULTS

Detailed information on sampling localities and dates is given

in Table 1, and a summary list of species is given in Table 2.
*New records for Kocaeli Province.

? Sex could not be determined.

Subfamily: Prioninae

1- Prionus coriarius (Linnaeus, 1758)

Material examined: U (6), 03.VIL2016, (1Q); U (4),
19.V1.2016, (13).

2- Mesoprionus lefebvrei (Marseul, 1856)*
Material examined: U (4), 28.V1.2017, (19).
Subfamily: Lepturinae

3-Stenurella bifasciata (Miller, 1776)

Material examined: YS (1), 10. VI.2016 (1%); YS (1), 17.
V1.2016, (19).

4- Stenurella septempunctata (Fabricius, 1792)
Material examined: YCL (1), 16.V1.2017, (12).
5- Leptura aurulenta (Fabricius, 1793)*
Material examined: K (5), 03.VI1.2016, (19).

6- Pachytodes erraticus (Dalman, 1817) = Judolia erratica
(Dalman, 1817)

Material examined: YCL (1), 15. V1.2017, (29); YDAL (1),
16.V1.2017, (13); YS (1), 16.V1.2017, (12, 1&); YCL (1),
16.VI1.2017, (39); BA (1), 17.VL.2017, (28); YDAL (1),
24.V1.2017, (29, 2&); YS (1), 29.V1.2017, (1Q); YBL (1),
01.VI1.2017, (23).

7- Rutpela maculata (Poda, 1761)

Material examined: BA (1), 17.VL.2017, (19); YBL (1),
28.V1.2017, (13).

8- Anastrangalia dubia (Scopoli, 1763)*

Material examined: K (4), 23.VL2016, (1%9); YS
(1), 19.V1.2016, (1Q); K (5), 23.V.2016, (13); K (5),
10.V1.2016,(19); K (3), 08.V1.2016, (13).

9- Stictoleptura cordigera (Fissli, 1775)

Material examined: YCL (1), 28.V1.2016, (24, 29); YD (1),
30.V1.2016, (24, 39); YD (1), 04.VII 2016, (19); YD (1),
09.VIL.2016, (23, 29); YCL (1), 04.VIL.2016, (23); YCL (1),
27.V1.2016,(19); K (4), 03.VIL.2016,(1%); K (3), 23.V1.2016,
(19); YS (1), 05.V.2017(23, 29); YS (1), 13.V1.2017, (19);
YBL (1), 15.V12017, (19); YBL (1), 15.VL1.2017,(13);
BA (1), 17.V1.2017, (19); YBL (1), 21.VL.2017,(19); YK
(1), 22.VI.2017,(13); YBL (1), 23.VL.2017,(13); YS (1),
23.V1.2017, (19, 18); YBL (1), 23.V1.2017, (19); YDAL
(1), 24.V12017, (2&); YBL (1), 24.V1.2017,283, 29); U



Bitki Koruma Biilteni / Plant Protection Bulletin, 2021, 61 (2) : 33-43

Table 2. A list of cerambycid species collected in the study

Species Subfamily Tribe

1. Prionus coriarius (Linnaeus, 1758) Prioninae Prionini

2. Mesoprionus lefebvrei (Marseul, 1856)* Prioninae Prionini
3. Stenurella bifasciata (Miiller, 1776) Lepturinae Lepturini
4. Stenurella septempunctata (Fabricius, 1792) Lepturinae Lepturini
5. Leptura aurulenta (Fabricius, 1793)* Lepturinae Lepturini
6. Pachytodes erraticus (Dalman, 1817) Lepturinae Lepturini
7. Rutpela maculata (Poda, 1761) Lepturinae Lepturini
8. Anastrangalia dubia (Scopoli, 1763)* Lepturinae Lepturini
9. Stictoleptura cordigera (Fissli, 1775) Lepturinae Lepturini
10. Stictoleptura fulva (De Geer, 1775) Lepturinae Lepturini
11. Stictoleptura scutellata (Fabricius, 1781)* Lepturinae Lepturini
12. Stictoleptura rubra (Linnaeus, 1758) Lepturinae Lepturini
13. Rhagium mordax (De Geer, 1775)* Lepturinae Rhagini
14. Rhagium fasciculatum (Faldermann, 1837)* Lepturinae Rhagini
15. Rhagium bifasciatum (Fabricius, 1775) Lepturinae Rhagini
16. Rhagium inquisitor (Linnaeus, 1758) Lepturinae Rhagini
17. Stromatium auratum (Bober, 1793) Cerambycinae Hesperophanini
18. Cerambyx dux (Faldermann, 1837)* Cerambycinae Cerambycini
19. Cerambyx scopolii (Fissli, 1775)* Cerambycinae Cerambycini
20. Cerambyx cerdo (Linnaeus, 1758) Cerambycinae Cerambycini
21. Cerambyx carinatus (Kiister, 1846)* Cerambycinae Cerambycini
22. Clytus rhamni (Germar, 1817) Cerambycinae Clytini
23. Clytus arietis (Linnaeus, 1758) Cerambycinae Clytini
24. Chlorophorus figuratus (Scopoli, 1763) Cerambycinae Clytini
25. Chlorophorus sartor (O.EMiiller, 1766)* Cerambycinae Clytini
26. Chlorophorus varius (O.EMiiller, 1766) Cerambycinae Clytini
27. Chlorophorus niehuisi (Adlbauer, 1992)* Cerambycinae Clytini
28. Plagionotus detritus (Linnaeus, 1758)* Cerambycinae Clytini
29. Plagionotus arcuatus (Linnaeus, 1758) Cerambycinae Clytini
30. Plagionotus bobelayei (Brullé, 1832)* Cerambycinae Clytini
31. Plagionotus floralis (Pallas, 1773) Cerambycinae Clytini
32. Isotomus speciosus (Schneider, 1787)* Cerambycinae Clytini
33. Ropalopus clavipes (Fabricius, 1775) Cerambycinae Callidiini
34. Callidium aeneum (De Geer, 1775)* Cerambycinae Callidiini
35. Pyrrhidium sanguineum (Linnaeus, 1758)% Cerambycinae Callidiini
36. Phymatodes testaceus (Linnaeus, 1758)* Cerambycinae Callidiini
37. Phymatodes femoralis (Linnaeus, 1758) Cerambycinae Callidiini
38. Penichroa fasciata (Stephens, 1831)* Cerambycinae Graciliini
39. Stenopterus kraatzi (Pic, 1892)* Cerambycinae Stenopterini
40. Stenopterus rufus (Linnaeus, 1767) Cerambycinae Stenopterini
41. Anaglyptus mysticus (Linnaeus, 1758)* Cerambycinae Anaglyptini
42. Lampropterus femoratus (Germar, 1824)* Cerambycinae Hyboderini
43. Purpuricenus budensis (Gotz, 1783) Cerambycinae Trachyderini
44. Rosalia alpina (Linnaeus, 1758)* Cerambycinae Compsocerini
45. Hylotrupes bajulus (Linnaeus, 1758)* Cerambycinae Hylotrupini
46. Tetropium fuscum (Fabricius, 1787)* Spondylidinae Asemini
47. Arhopalus ferus (Mulsant, 1839)* Spondylidinae Asemini
48. Arhopalus syriacus (Reitter, 1895)* Spondylidinae Asemini
49. Arhopalus rusticus (Linnaeus, 1758)* Spondylidinae Asemini
50. Spondylis buprestoides (Linnaeus, 1758)* Spondylidinae Spondylidini
51. Dorcadion triste (Frivaldzsky, 1845)* Lamiinae Dorcadiini
52. Dorcadion septemlineatum (Waltl, 1838) Lamiinae Dorcadiini
53. Agapanthia suturalis (Fabricius, 1787)* Lamiinae Agapanthiini
54. Agapanthia lateralis (Ganglbauer, 1884)* Lamiinae Agapanthiini
55. Agapanthia violacea (Fabricius, 1775) Lamiinae Agapanthiini
56. Morimus orientalis (Reitter, 1894)* Lamiinae Phrissomini
57. Mesosa obscuricornis (Pic, 1894)* Lamiinae Desmiphorini
58. Phytoecia pubescens (Pic, 1895)* Lamiinae Phytoeciini
59. Pogonocherus perroudi (Mulsant, 1839)* Lamiinae Pogonocherini
60. Aegomorphus clavipes (Schrank, 1781) Lamiinae Acanthoderini
61. Exocentrus ritae (Sama, 1985)* Lamiinae Acanthoderini
62. Saperda octopunctata (Scopoli, 1772) Lamiinae Saperdini

* New records from Kocaeli
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(5), 26.V1.2017,(683, 8%9); YBL (1), 28.V1.2017,(15, 59);
YS (1), 29.V1.2017, (39); YD (1), 30.V1.2017, (1&); YBL
(1), 0L.VIL2017,(43, 29); YS (1), 02.VIL2017,(19); U
(5), 08.VI1.2017, (29); U (5), 17. VIL.2017, (13); U (5),
18.VIL.2017, (12).

10- Stictoleptura fulva (De Geer, 1775)

Material examined: YK (1), 23.V1.2016,28); YD (1),
30.V1.2016, (19); (1), 09.V12016,(13); YS (1),
10.VI.2016, (19); K (5), 05.V.2017, (55, 39); U (2),
05.V.2017, (12); Y (8), 04.V1.2017, (13); YC (1), 13.V1.207,
(13); YD (1), 14.V1.2017, (13); YD (1), 14.V1.2017, (29);
YD (1), 14.V1.2017,(12); YC (1), 15.V1.2017, (12); YC (1),
15.V1.2017,(49, 13); YBL (1), 15.V1.2017, (19, 23); YCL
(1), 15.V1.2017, (19); YDAL (1), 16.V1.2017, (33); YS (1),
16.V1.2017, (29, 13); YCL (1), 16.V1.2017, (28); YD (1),
16.V1.2017, (19, 53); BA (1), 17.V1.2017, (48, 29); YBL
(1), 21.V1.2017, (13); YBL (1), 22.V1.2017, (24, 62); YK
(1), 22.V1.2017, (83); YK (2), 22.V1.2017, (23, 29); YBL
(1), 23.V1.2017, (24, 59); YBL (1), 23.V1.2017, (23); YBL
(1), 24.V1.2017, (1Q); YDAL (1), 24.V1.2017, (6, 62Q); YBL
(1), 24.V1.2017, (19); U (5), 26.V1.2017, (19); YBL (1)
28.V1.2017, (1283, 89); YS (1), 29.V1.2017, (115, 62);

(1), 30.V1.2017, (79, 43); YBL( ), 01.VIL.2017, 59), YS
(1), 02.VI1.2017, (38), YAC (1), 03.VIL.2017, (283); U (5),
20.VIL.2017, (19).

11- Stictoleptura scutellata (Fabricius, 1781)*

Material examined: GAV (1), 04. V2016 19)' K (3),
16.V1.2016, (13); K (4), 16.V1.2016, (19); K (1), 01.VL.2016,
(19); K (1), 02.VL.2016, (23).

12- Stictoleptura rubra (Linnaeus, 1758)

Material examined: YC (1), 13.V1.2017, (2J, 19); YBL
(1), 14.V1.2017, (29); YBL (1), 15.06.2017, (29); YK (2),
15.V1.2017, (28, 19); YC (1), 15.V1.2017, (19); YDAL
(1), 16.V1.2017, (33); YK (1), 16.V1.2017, (19); BA (1)
17.V12017, (19); YAC (1), 21.V12017, (13); YC (1),
22.V12017, (18); YBL (1), 22.V12017, (19); YDAL (1),
24 V12017, (28); YBL (1), 28.VI2017, (29); YS (1),
29.V1.2017, (28, 19); YC (1), 30.V1.2017, (83, 29); YD
(1), 01.VIL.2017, (24); YGL (1), 02.VIL.2017, (19); YCL
(1), 03.VIL.2017, (19); YC (1), 13.VIL2017, (19); U (6),
14.VIL.2017, (13).

13- Rhagium mordax (De Geer, 1775)*
Material examined: K (7), 12.IV.2016, (19).

14- Rhagium fasciculatum (Faldermann, 1837)*
Material examined: K (7), 22.1V.2016, (13).

15- Rhagium bifasciatum (Fabricius, 1775)
Material examined: K (7), 12.IV.2016, (13).

16- Rhagium inquisitor (Linnaeus, 1758)

Material examined: U (1), 17.1V.2016, (59, 103); U (4),
01.V.2016, (24, 29); U (3), 01.V.2016, (29); KAV (1),
21.1V.2016, (53); U (3),20.1V.2016,(39,13); Y (5),01.V.2016,
43); Y (3), 09.1V.2016, (49, 14); K (3), 18.1V.2016, (24,
59); K (1), 28.1V.2016, (19); U (3), 14.V.2016, (13); U (2),
06.IV.2016, (19); G (1), 18.1V.2016, (283); U (2), 20.1V.2016,
(29); G (2), 18.1V.2016, (19); K (3), 28.IV.2016, (19); G (1),
14.IV2016, (23); K (7), 23.111.2016, (28); G (4), 18.1V.2016,
23, 29); G (3), 18.IV.2016, (29); K (6), 22.IV.2016, (13);
U (4), 01.IV.2016, (283); U (1), 07.1V.2016, (29, 13); K (7),
12.1v.2016, (28, 29); U (4), 20.1V.2016, (13, 39); GAV
(1), 141v.2016, (22, 3d9); U (3), 22.V.2016, (39); KAV
(1), 21.1V.2016, (33); U (2), 09.1V.2016, (39, 73); Y (8),
14.V.2016, (91); U (1), 17.V.2016, (31); U (1), 28.V.2016,
(21); K (5), 22.1V.2016, (19); YAC (1), 22.IV.2016, (13).
K (2), 13.1V.2017, (79, 58); K(3) 13.1V.2017, (28, 109);
4), 13.1V.2017, (48, 49); , 17.1V.2017, (68, 59);
2), 17.1V.2017, (5&, 59); Y (3) 17.1V.2017, (58, 49);
3), 15.1V.2017, (28, 29); , 15.1V.2017, (28, 39);
Y (4), 17.1V.2017, (58, 49); U (1) 28.1V.2017, (28, 29);
U (4), 28.1V2017, (28, 39); U (1), 06.V.2017, (28, 29);
Y (5), 01.V.2017, (73, 49); Y (6), 01.V.2017, (473, 49); Y
(7), 01.V.2017, (67, 59); K (5), 05.V.2017, (244%); K (1),
05.V.2017, (103, 49); K (2), 05.V.2017, (73, 49); K (3),
05.V.2017, (82); U (3), 05.V.2017, (33); KF (1), 12.1X.2017,
(39); Y (8), 04.VI2017, (13); Y (9), 04.VI.2017, (19);
Y (1), 04.V1.2017, (13); K (5), 07.VL.2017, (13); BA (1),
11.V1.2017, (43).

>

>

>

- = = =

Subfamily: Cerambycinae
17- Stromatium auratum (Bober, 1793)

Material examined: YS (1), 28.VIL2016, (129); YS (1),
27.VI1.2016, (13).

18- Cerambyx dux (Faldermann, 1837)*

Material examined: YS (1), 18.VIL2016, (129); YS (1),
30.V1.2017, (19).

19- Cerambyx scopolii (Fussli, 1775)*

Material examined: K (5), 11.VIL2016, (13); K (5),
23.V1.2016, (13); K (4), 04.V.2016, (19); K (4), 09.V.2016,
(19); YAC (1), 23.V.2016, (19).

20- Cerambyx cerdo (Linnaeus, 1758)

Material examined: YS (1), 27.VIL.2016, (13); U (3),
03.VIL.2016, (13); YD (1), 03.VL.2016, (19).

21- Cerambyx carinatus (Kiister, 1846)*

Material examined: KD (1), 29.VIIL.2016, (12); YS (1),
30.V1.2017, (13); YS (1), 20.1X.2017, (13).

22- Clytus rhamni (Germar, 1817)

Material examined: K (5), 08.VL.2016, (1%2); YS (1),
19.V1.2016, (19).
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23- Clytus arietis (Linnaeus, 1758)

Material examined: K (6), 23.V.2016, (19); K (6), 04.V.2016,
(23); K (5), 13.V.2016, (13); K (2), 28.1V.2016, (19); K (3),
13.V.2016, (19)

24- Chlorophorus figuratus (Scopoli, 1763)
Material examined: K (1), 02.VL.2016, (13).
25- Chlorophorus sartor (O.EMiiller, 1766)*

Material examined: YCL (1), 07.VIL.2016, (19); YS (1),
19.V1.2016, (13).

26- Chlorophorus varius (O.EMiiller, 1766)

Material examined: YCL (1), 17.VIL.2016, (79, 28); GAV
(1), 05.VIIL.2016, (49); YCL (1), 07.VIL.2016, (24, 29); YS
(1), 10.V1.2016, (19); YD (1), 04.VIL2016, (2d); YS (1),
09.VIIL.2016,(12);K(5),23.V1.2016,(23); YS(1),02.VI1.2016,
(1d); K (1), 12.VIL2016, (29); KYM (1), 19.VIIL2016,
(19) K (1), 11.VIIL.2016, (18); K (4), 12.VIL.2016, (12);
YK (2), 02.V1.2016, (23); YD (1), 23.V1.2016, (12); YS (1),
21.VI1.2016,(29); K (4),23.V1.2016,(12); YD (1),27.V1.2016,
(13); YAC (1), 28.VI.2016, (19); K (3), 23.V1.2016,
(18); YD (1), 30.VI.2016, (13); K (5), 11.VIL.2016, (12);
KYM (1), 15.VIL2016, (19); YS (1), 01.VIL.2016, (13); K
(3), 12.VIL.2016, (13); K (2), 03.VIL2016, (13); YS (1),
05.V.2017, (43, 69) ; YD (1), 21.V1.2017, (23); YDAL (1),
24.V1.2017, (19); K (2), 24.V1.2017, (13); U (5), 26.V1.2017,
(29, 13); YBL (1), 28.V1.2017, (3958); YS (1), 29.V1.2017,
(583, 59); YD (1), 30.V1.2017, (23); YC (1), 01.VIL.2017,
(10923); YS (1), 02.VIL.2017, (183); YAC (1), 03.VIL.2017,
(63); K (5), 04.VIL.2017, (12); K (1), 04.VIL2017, (23);
U (3), 08.VIL.2017, (19); U (3), 08.VIL2017, (33); YS (1),
11.VIL.2017, (23, 4Q); U (3), 13.VIL.2017, (64, 59), U
(2), 14.VI1.2017, (102, 113), K (3), 15.VIL2017, (1Q);
K (4), 15.VIL2017, (19); K (5), 15.VIL.2017, (13); U (5),
16.VI1.2017, (169, 69); U (5), 17.VIL.2017, (109, 83); U (5),
18.VIL.2017, (79, 83); YAC (1), 19.VIL.2017, (98, 99); U
(5), 20.VI1.2017, (123, 89); YCL (1), 21.VIL2017, (67, 39);
YAC (1), 24.VIL.2017, (7%, 83); YK (1), 25.VIL.2017, (3%,
94); YCL (1), 27.VI1.2017, (112, 93); YAC (1), 28.VIL.2017,
(59, 53); YAC (1), 06.VII1.2017, (19); K (1), 06.VIIL.2017,
(28, 29); K (4), 26.VIIL.2017, (13); K (1), 15.1X.2017, (583).

27-Chlorophorus niehuisi (Adlbauer, 1992)*
Material examined: U (1), 17.07.2017, (19)
28-Plagionotus detritus (Linnaeus, 1758)*

Material examined: KYM (1), 15.VI1.2016, (23, 49); K (1),
02.V1.2016, (12, 13); K (5), 11.VIL2016, (12, 13); K (4),
03.VIL.2016, (27, 29); K (4), 10.V1.2016, (13, 39); GAV (1),
28.1V.2016, (19); K (3), 23.V1.2016, (13); K (1), 12.VIL.2016,
(19, 1?); K (2), 12.VIL.2016, (13); YS (1), 19.V1.2016,
(283); GAV (1), 04.V.2016, (19); K (5), 08.V1.2016, (19); K
(2), 01.VL.2016, (13); K (5), 23.V1.2016.2016, (19); K (2),
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16.V1.2016, (13).
29- Plagionotus arcuatus (Linnaeus, 1758)

Material examined: K (3), 23.V1.2016, (32, 2&); K (1),
23.V.2016, (104, 69); K (3), 01.V12016, (19); K (5),
08.V1.2016, (67); YS (1), 08.V1.2016, (29); K (3), 23.V1.2016,
1e).

30- Plagionotus bobelayei (Brullé, 1832)*

Material examined: K (1), 02.V1.2016, (13).

31- Plagionotus floralis (Pallas, 1773)

Material examined: U (6), 08.VI1.2017, (182, 203).
32- Isotomus speciosus (Schneider, 1787)*

Material examined: K (4), 03.VIL2016, (29); K (2),
03.VIL.2016, (23); K (3), 16.V1.2016, (129).

33- Ropalopus clavipes (Fabricius, 1775)

Material examined: K (3), 08.VL.2016, (1Q); GAV (1),
09.V.2016, (12); K (4), 08.V1.2016, (19); GAV (1), 28.1V.2016,
(39); K (1), 02.V1.2016, (13).

34- Callidium aeneum (De Geer, 1775)%

Material examined: K (3), 01.VL.2016, (19); K (3),
02.V1.2016, (1%).

35- Pyrrhidium sanguineum (Linnaeus, 1758)*

Material examined: YAC (1), 31.111.2016, (12); GAV (1),
28.IV.2016, (283); K (7), 31.111.2016, (19).

36- Phymatodes testaceus (Linnaeus, 1758)*

Material examined: K (1), 16.V1.2016, (2&, 39); K (3),
02.V1.2016, (69, 23); K (3), 23.V.2016, (28, 29); K (4),
08.V1.2016, (129, 83); K (2), 02.V1.2016, (43, 29); K (1),
28.IV.2016, (23); K (1), 13.V.2016, (39); K (1), 23.V.2016,
(19, 48); K (2), 13.V.2016, (53); K (4), 13.V.2016, (1); K
(49), 23.V.2016, (1Q); K (5), 13.V.2016, (59, 53); K (4),
22.1V.2016,(19); K (2),13.V.2016, (283,29); K (2),18.1V.2016,
(13, 29); K (1), 03.VIL.2016, (23); K (2), 23.V1.2016, (35,
29); GAV (1), 09.V.2016, (19); K (3), 16.V1.2016, (53, 39);
K (4), 03.VIL.2016, (13); K (3), 03.VIL2016, (3 ?); K (4),
03.VI1.2016, (33); K (1), 08.V1.2016, (23); K (5), 23.V1.2016,
(53,59);K (2),16.V1.2016, (33, 6%); K (3), 23.V1.2016, (47,
49); K (3), 23.V1.2016, (58, 39, 12); YAC (1), 23.V.2016,
(19); K (3), 23.V1.2016, (3&); K (1), 01.VL.2016, (23); GAV
(1), 16.V1.2016, (39); YS (1), 28.VI1.2016, (2, 29); YD (1),
23.V1.2016, (19); K (3), 01.VI1.2016 (13); K (5), 01.VI1.2016,
(29); K (4), 08.V1.2016, (47, 49); K (4), 16.V1.2016, (19); K
(1), 01.V1.2016, (13).

37- Phymatodes femoralis (Linnaeus, 1758)*

Material examined: K (4), 08.V1.2016, (1?); K (4), 13.V.2016,
(192); K (5), 13.V.2016, (23); K (3), 08.V1.2016, (22); K (3),
23.V.2016, (14); K (1), 23.V.2016, (13); K (5), 01.V1.2016,
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(19); GAV (1), 16.V1.2016, (1%).

38- Penichroa fasciata (Stephens, 1831)*
Material examined: YK (1), 14.1V.2016, (19).
39- Stenopterus kraatzi (Pic, 1892)*

Material examined: YD (1), 27.VL1.2016, (1J); YCL (1),
27.V1.2016, (19); YS (1), 05.V.2017, (19).

40- Stenopterus rufus (Linnaeus, 1767)

Material examined: GAV1, 04.V.2016, (13); K (4),
03.VIL2016, (14) YS (1), 12.VI2016, (29); K (5),
01.V1.2016, (19); YS (1), 17.V1.2016, (1?).

41- Anaglyptus mysticus (Linnaeus, 1758)*

Material examined: K (4), 22.1V.2016, (12); K (2), 18.1V.2016,
(19); GAV (1), 04.V.2016, (153).

42- Lampropterus femoratus (Germar, 1824)*
Material examined: YD (1), 27.V1.2016, (1?).
43-Purpuricenus budensis (Gotz, 1783)

Material examined: K (3), 23.VI.2016,
01.V1.2016, (13).

(19) K (4),

44- Rosalia alpina (Linnaeus, 1758)%

Material examined: K (1), 23.V1.2016, (19,
03.VIL.2016, (13).

1d); K (3),

45- Hylotrupes bajulus (Linnaeus, 1758)*

Material examined: K (4), 16.V1.2016, (12, 13); K (2),
23.V1.2016, (24, 19); K (3), 02.V1.2016, (1%, 13); YS (1),
19.V1.2016, (1 9); U (3), 06.1X.2016, (13).

Subfamily: Spondylidinae

46- Tetropium fuscum (Fabricius, 1787)*
Material examined: K (1), 01.VL.2016, (1?).
47- Arhopalus ferus (Mulsant, 1839)*

Material examined: YS (1), 19.VI.2016, (13); K (2),
23.V1.2016, (19); U (5), 17.VIIL.2016, (1&); U (5),
25.VIIL.2016, (19); K (5),10.V1.2016, (19); K (3),01.VI1.2016,
(18); K (1), 12.VI1.2016, (12); KYM (1), 08.VIIL.2016, (129).

48- Arhopalus syriacus (Reitter, 1895)*

Material examined: K (1), 12.VIL2016, (12); KYM (1),
19.VIIL.2016, (19, 13).

49- Arhopalus rusticus (Linnaeus, 1758)*

Material examined: KYM (1), 19.VIIL.2016, (28, 19);
G (3), 01.VL.2016, (13); K (1), 08.V1.2016, (3%); K (3),
20.VIIL.2016, (13); YS (1), 02.VIL.2016, (19); K (3),
02.VI. 2016 (2@) K (4), 23.V.2016, (23); K (1), 01.VI1.2016,
19); , 11.VIIL.2016, (13); K (1), 03.VIL.2016, (13);
KYM (1), os.vm.zms, (19); U (4), 12.V1.2016, (12); K
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(4), 23.V1.2016, (13); YS (1), 01.VIL.2016, (13); K (3),
23.V1.2016, (13); U (1), 05.V1.2016, (19)~K(1) 01.V1.2016,
(13); YS (1), 19.V1.2016, (19); , 11.VIIL.2016, (13);
K (4), 11.VIIL.2016, (29); K 4) 03V112016 (29); K (5),
11.VII.2016, (19, 13).

50- Spondylis buprestoides (Linnaeus, 1758)*

Material examined: K (1),07.V1.2017, (19); K (1),24.V1.2017,
(19,23); K (2), 24.V1.2017, (13); K (3), 24.V1.2017, (19); K
(1), 04.VI1.2017, (22, 29).

Subfamily: Lamiinae

51-Dorcadion triste (Frivaldzsky, 1845)*
Material examined: KK (1), 30.IV.2016, (13).
52- Dorcadion septemlineatum (Waltl, 1838)
Material examined: K (8), 12.1V.2016, (19).
53- Agapanthia suturalis (Fabricius, 1787)*

Material examined: YS (1),
21.VIL2016, (19); YS (1), 16.V1.2016,
16.V1.2016, (13); YS (1), 12.V1.2016, (15).

19.V1.2016, (19); YS (1),
1®) YS (1),

54- Agapanthia lateralis (Ganglbauer, 1884)*
Material examined: YS (1), 19.V1.2016, (19).
55- Agapanthia violacea (Fabricius, 1775)

Material examined: YC (1), 14.V1.2017, (129); YDAL (1),
21.V1.2017 (13); YS (1), 28.06.2017, (91).

56- Morimus orientalis (Reitter, 1894)*

Material examined: U (4), 14.V.2016, (19); U (3), 02.1V.2016,
(23); K (5), 11.VIL.2016, (19); K (5), 02.1X.2016, (1%); YBL,
12.VIIL.2016, (13).

57- Mesosa obscuricornis (Pic, 1894)*
Material examined: GAV 1, 22.1V.2016, (1?).
58-Phytoecia pubescens Pic, 1895*

Material examined: YS (1), 13.V1.2016, (1?).
59- Pogonocherus perroudi (Mulsant, 1839)*

Material examined: KYM (1), 19.VII1.2016,
11.VIIL.2016, (13).

(1%2) K (3),

60- Aegomorphus clavipes (Schrank, 1781)

Material examined: K (5), 01.V1.2016, (13); K (5),
16.V1.2016, (13).

61- Exocentrus ritae (Sama, 1985)*
Material examined: K (5), 01.V1.2016, (1?).
62-Saperda octopunctata (Scopoli, 1772)

Material examined: K (5), 14.V1.2017, (13); K (3),24.06.2017,
(19)
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It was observed that the family Cerambycidae in the
research area occurs by species belonging to subfamilies,
Cerambycinae (46.77%), Lamiinae (19.35%), Lepturinae
(22.58%), Spondylidinae (8.06%), and Prioninae (3.23%)
(Figure 1). In this study, the subfamily Cerambycinae,
Lamiinae, Lepturinae, Spondylidinae, and Prioninae
are represented by 30 species in 11 tribes, 12 species in
8 tribes, 14 species in 2 tribes, and 5 species in 2 tribes
and two species in one tribe, respectively (Figure 2).
The tribe Lamiini of subfamily Lamiinae is the most
abundant (Figure 3). The tribe Clytini of Cerambycinae
has more species than tribe (Figure 4). The tribe Lepturini
of Lepturinae has more species than the tribe Rhagiini
(Figure 5). The tribe Asemini of subfamily Spondylidinae
occur more species than the Spondylidini tribe (Figure 6).
Among all species Chlorophorus varius (325 specimens)
and Rhagium inquisitor (279 specimens) were plentiful.
The subfamily Prioninae contains only the tribe Prionini.
Evaluation of the species numbers, collected from different
altitudes, indicated that species occurrence is related to
altitude (Figure 7). Also, it is noted that specimen numbers
were higher between May and July.

3.23%
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Figure 1. Distribution of species by subfamily of the
Cerambycidae in Kocaeli, Turkey
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Figure 2. Number of tribes and species in the subfamilies of
Cerambycidae in Kocaeli, Turkey
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A total of 36 species are the first records for Kocaeli
lefebvrei,  Leptura
aurulenta, Anastrangalia dubia, Stictoleptura scutellata,

province including Mesoprionus
Rhagium mordax, Rhagium fasciculatum, Cerambyx dux,
Cerambyx  scopolii, Cerambyx carinatus, Chlorophorus
sartor, Plagionotus detritus, Plagionotus bobelayei, Isotomus
speciosus, Callidium aeneum, Pyrrhidium sanguineum,
Phymatodes testaceus, Penichroa fasciata, Stenopterus
kraatzi, Anaglyptus mysticus, Lampropterus femoratus,
Rosalia alpina, Hylotrupes bajulus, Tetropium fuscum,
Arhopalus ferus, Arhopalus syriacus, Arhopalus rusticus,
Spondylis Agapanthia
suturalis, Agapanthia lateralis, Morimus orientalis, Mesosa

buprestoides, Dorcadion  triste,
obscuricornis, Phytoecia pubescens, Pogonocherus perroudi,

Exocentrus ritae, Chlorophorus niiehuisi.
DISCUSSION AND CONCLUSION

Kocaeli province is one of the significant regions that under
risk of invasion of long-horned bark beetles (Cakmak et
al. 2020). Being at the intersection of humid subtropical
climate (Cfa) and hot-summer Mediterranean climate (Csa)
regions facilitates invasion and adaptation of cerambycid
species (Cakmak et al. 2019). Also being located in a critical
geographical location at the intersection of Asia and Europe,
increase the possibility of the introduction of the pinewood
nematode from borer, carried by some cerambycids
(Akbulut 2009). Therefore, the survey of cerambycids is
getting more critical day by day.

Sum of the reported species from Kocaeli province was 105,
up to date (Ozay 1997, Kiigiikkayki et. al. 2003, Ozdikmen
and Sahin 2006, Ozdikmen 2007, Ozdikmen 2008, Ozdikmen
2010, Ozdikmen 2012, Sama et. al. 2016, Ozdikmen 2016,
Ozdikmen et. al. 2017a, 2017b). As a result of the survey,
Cerambycidae fauna has been represented with 62 species,
30 of them are new records for Kocaeli province. Among
them, Leptura aurulenta was recorded for the second time in
Turkey. The first record of the species is from Istanbul (Turgut
et al. 2010). L. aurulenta was recorded in Europe (France,
Spain, Portugal, Germany, Switzerland, Bosnia-Herzegovina,
Romania, Ukraine) North Africa (Algeria), and Turkey up to
date. This species has the Chorotype W-Palaearctic (Turgut
et al. 2010). In Kocaeli province, different species have been
determined due to the intense trade of forest products (lumber,
timber, wood) from these countries (Cakmak et al. 2020).

Sabanoglu and Sen (2016) determined that the number of
Cerambycidae species has more number of individuals at the
higher altitude (1251-1500 m) in Isparta province, Turkey.
In this study, Cerambycidae species at low altitudes (100-
200 m) were more abundant. The reason for these results

might be related to being located at sea level, for Kocaeli.

Cerambycids are needed to be surveyed for their important
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role in decomposition processes in natural ecosystems and
their economic status through interaction with different
groups of living organisms including nematodes, bacteria,

and fungi.

The new species detected in Kocaeli for the first time is a
contribution to our knowledge of Cerambycidae fauna.
Nevertheless, periodical surveys are recommended for

being updated.
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OZET

Kocaeli, uluslararasi limanlardan giris yapan kereste, tomruk
ve ahsap ambalaj malzemeleriyle paketlenmis firiinler
nedeniyle Avrupa ve Akdeniz Bitki Koruma Orgiitii (EPPO)
alarm listesinde yer alan istilac1 orman zararlilarinin bulagmasi
riski altindadir. Bu durum géz 6niinde bulundurularak Mart
2016 - Ekim 2017 arasinda arazi ¢aligmalar1 gergeklestirilip,
Kocaeli ili Cerambycidae (Coleoptera) familyas: faunistik
olarak degerlendirildi. Cerambycidae familyasindan bes
altfamilyanin 24 tribusu altinda 39 cinse ait 62 tiir teshis edildi.
Cerambycinaenin 634 birey ve 30 tiirle en fazla, Prioninaenin
ise 3 birey ve 2 tiirle en az temsil edilen altfamilya oldugu
belirlendi. Tespit edilen 62 tiiriin 36 tanesi Kocaeli i¢in yeni
kayittir. Bunlar arasinda, Leptura aurulenta tirt Tirkiyede

ikinci defa rapor edilmistir.

Anahtar kelimeler: Cerambycidae, istilaci, orman zararlsi,

fauna, Kocaeli
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This study was carried out to determine the reactions of some wheat varieties
against Gaeumannomyces graminis [Sacc.] Arx & Oliver var. tritici [J. Walker],
which is a causal agent of 'take all' disease on wheat, under field conditions
with natural infection in Konya and Tekirdag provinces in 2018 and 2019. In the
study, the reactions of 20 wheat varieties consisting of 16 bread and 4 durum
wheat varieties against the disease were tested. As a result of the study, while the
varieties of Sanli, Gerek-79, Kinaci-97, Bezostaja 1, Mirzabey 2000, Dagdas-94,
and Karahan-99 showed moderately resistance to the disease (MR), Demir 2000,
Altay 2000, Sénmez 2001, Kiziltan-91, Eminbey, Kenan Bey, Kunduru 1149,
and Pehlivan cultivars showed moderately susceptible (MS) reactions. Ikizce 96
cultivar was found the most susceptible to the disease. No cultivar resistant to take
all disease has been found. In the areas where the disease is prevalent, cultivars
determined as moderately resistant can be preferred.

GIRIS

Bugday (Triticum spp.), Tuirkiye hububat alanlarinda en gok
tretimi yapilan tiriindiir. 2019 yili verilerine gore, Tiirkiyede
toplam hububat alanlarinin yaklagik 7.7 milyon hektarinda
bugday, 2.7 milyon hektarinda arpa, 0.7 milyon hektarinda
musir yetistirilmektedir. Toplam 35 milyon ton {retimine
sahip olan hububat igerisinde 20.6 milyon ton tretim ile
ilk sirada yer alan bugday hububat iiretiminin %55.2’ini
olusturmaktadir. 2019 yili bugday verimi ise 250-300 kg/da

olmustur (Anonim 2020).

Ulkemizde her bolgede yetistirilebilen bugday bitkisi dzellikle
¢ Anadolu Bélgesinde yaygin olarak iiretilmektedir. 2016
yili ekmeklik bugday tiretiminde %33.5’lik pay ile ilk sirada
I¢ Anadolu Bélgesi yer almaktadir. Bunu %17.3 ile Marmara
Bolgesi ve %14.3 ile Giineydogu Anadolu Bolgesi izlemektedir.
Uretimde en az pay Dogu Anadolu ve Ege Bolgelerine aittir.
Makarnalik bugday iiretiminde ise ilk siray1 %38,.7 ile I¢ Anadolu
Bolgesi, ikinci siray1 %35.8 ile Giineydogu Anadolu Bolgesi ve
tigtincii siray1 %12.9 ile Ege Bolgesi almaktadir (Anonim 2020).
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Bugdayda verim ve kaliteyi olumsuz yoénde etkileyen
en biiyik faktorler abiyotik ve biyotik faktorlerdir.
Biyotik stres faktorlerinden olan patojenler bitkilerde
hastalik olugturarak verim ve kaliteyi 6nemli derecede
etkilemekte ve ekonomik kayiplara neden olmaktadir.
Bunlar arasinda toprak kokenli patojenler en o6nemli
grubu olusturmaktadir. Tiirkiye bugday alanlarinda kok ve
kok bogazi hastaliklarina neden olan en yaygin ve 6nemli
toprak kokenli funguslar Fusarium ve Rhizoctonia tiirleri
olup, son yillarda Gaeumannomyces graminisin neden
oldugu gogerten hastaligi da sorun olusturmaktadir. G.
graminis tirtiniin hububat bitkilerinde hastalik olusturan
dort varyetesi bulunmaktadir. Gaeumannomyces graminis
var. avenae (Turner) Dennis, bugday ve arpaya ek
olarak yulafi da enfekte edebilmektedir (Turner 1940)
ve ayrica ¢im alanlarinda ‘take all patch’ adi verilen
yamalara sebep olmaktadir (Smiley et al. 2005, Walker
1981). Gaeumannomyces graminis var. graminis (Sacc.)
Arx & D.L. Olivier ise tahillarda zayif patojendir veya
patojenik karakterde degildir fakat ¢im, celtik ve diger
sicak iklim ¢imlerinde hastalik olusturmaktadir (Datnoff
1993, Datnoff et al. 1997, Elliott et al. 1992, Krausz
1991) Gaeumannomyces graminis var. maydis en son
tanimlanan varyetedir ve misirda gogerten hastaligina
neden olmaktadir, sorgum ve diger tahillari da enfekte
edebilmektedir (Yao et al. 1992).

Gaeumannomyces graminis var. tritici Walker (Ggt) ise
bugday, arpa ve triticalede gogerten ya da halk arasinda
‘Karabacak’ olarak bilinen hastaliga sebep olmaktadir. Ana
konukgusu bugday olmasina ragmen arpa, tritikale, ¢avdar,
diger tahillarda ve ¢imlerde hastalik olusturmaktadir ve
diinyanin bir¢ok yerinde bugday verimini etkileyen en
onemli kok hastaliklarindan biri olarak kabul edilmektedir
(Cook 1992). Fungus bitki koklerini enfekte ederek tiim kok
sistemini ¢lriitiip yok edebilmektedir. Kok ve kokbogazi,
komiir siyahi renk almakta ve bitki gekildiginde kolaylikla
ele gelmektedir. Fungus yukar1 dogru govdeyi istila ederek
bitkiyi gogertmektedir. Etmen bitkinin enfekteli kok ve
govdesinde yasamaktadir. Enfeksiyon biiyiime mevsimi
boyunca devam etmektedir. Hastalik i¢in en uygun toprak
sicakligi 10-20 °Cdir. Hastalik etmeni fungus notr ile alkali
topraklarda, yamag arazilerde, drenaji bozuk tarlalarda, azot
ve fosfor bakimindan zayif topraklarda iyi gelismektedir
(Wiese 1998). Gogerten hastalig1 Tiirkiyede ilk olarak 1972
yilinda Giineydogu Anadolu Bolgesinde rapor edilmistir
(fren 1981). Daha sonra Sakarya (Aktas et al. 1996)da tespit
edildigi bildirilmistir. Son yillardaki iklim degisikligi ve
hastaliga hassas cesitlerin ekilmesi ile hastalik I¢ Anadolu
Bolgesi (Aktas et al. 1999, Biiyiik et al. 2018, Tunali et al
2008) ve Trakya (Hekimhan 2010) bolgesine de yayilmis ve

ciddi sorunlar olusturmustur.
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Ggtnin diinyada kimyasal miicadelesi kisith ve zordur.
Halihazirda Tiirkiyede hastaliga karsi ruhsath bir bitki
koruma {irtinii bulunmamaktadir. Hastaligin bugdayda
miicadele yapilmadig: takdirde %40’1n iizerinde {iriin
kaybina sebep oldugu bildirilmistir (Genowati 2001).
Kimyasal savagiminin kisith olmasi ve kimyasallarin
zararli etkileri nedeniyle bu hastalikla alternatif miicadele
yontemleri o6nem kazanmisti. Bu yOntemlerin en
onemlilerinden birisi de hastaliga karsi dayanikli ¢esitlerin

kullanilmasidir.

Bu ¢alismada Tirkiyede yaygin olarak yetistirilen 16
ekmeklik 4 makarnalik bugday ¢esidinin, Gaeumannomyces
graminis var. tritici'ye karst dayanikliik durumlari dogal

enfeksiyon ile tarla kosullarinda incelenmistir.
MATERYAL VE METOT

Calisma 2018 ve 2019 yillarinda, Konya ve Tekirdag illerinde
daha once yapilan siirvey ¢aliymalarinda izolasyon ve
teshisler sonucunda etmen ile bulasik oldugu tespit edilen
(Biytik et al. 2018) iki tarlada yiiriitiilmistiir. Bu tarlalarda
onceki yillarda da bugday ekimi yapildigi belirlenmistir.
Caliymada 16 ekmeklik (Bezostaja 1, Altay 2000,
Dagdas-94, Kinaci-97, Demir 2000, Gerek-79, Ekiz, Kenan
Bey, Sonmez 2001, Karahan-99, ikizce-96, Konya 2002,
Pehlivan, Bayraktar 2000, Esperia, Sanli), 4 makarnalik
(Kunduru-1149, Mirzabey 2000, Kiziltan-91, Eminbey) ve
Ggt'ye hassas oldugu bilinen Herward bugday ¢esidi olmak
tizere toplam 21 bugday ¢esidi kullanilmistir.

Cimlenme testleri

Cesit reaksiyonu ¢aligmalarina baglamadan 6nce, ¢imlenme
orani yiiksek ve temiz tohumlar: tespit etmek amaciyla
¢alismada kullanilacak bugday cesitlerine ait tohumlar
¢imlenme testlerine tabi tutulmugtur. Bu amagla Tarla
Bitkileri Merkez Arastirma Enstitiisi'nden temin edilen 16
ekmeklik, 4 makarnalik olmak tizere 20 ¢eside ait bugday
tohumu ornekleri ¢imlenme yoniinden test edilmistir.
Denemede kullanilan tohumlar %1’lik NaOCIde 5 dk
ytizeysel dezenfeksiyona tabi tutularak iki seri steril saf sudan
gecirilip steril kurutma kagitlar1 tizerinde kurutulduktan
sonra su agar iceren her bir petriye 10’ar tohum olacak
sekilde toplam 3 petriye yerlestirilmistir. Petriler 25+1 °C'de
7-8 giin inkiibasyona birakilmigtir. Bu siire sonunda temiz
ve ¢imlenme giicii yiiksek tohumlar gesit reaksiyonunda

kullanilmak tizere ayrilmistir.
Tarla kosullarmda gesit reaksiyonu ¢alismalar:

Cesit reaksiyonu ¢aligmalar1 daha o6nce yapilan siirvey
¢alismalarinda (Biyiik et al. 2018) Ggt etmeni ile yogun
bulasik olarak tespit edilen Konya ve Tekirdag illeri bugday

ekilis alanlarinda kurulmugtur. Denemeler tesadif bloklar:
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deneme desenine gore 4 tekerriirlii olarak kurulmustur
(Akgil 2008, Liddell et al. 1986, Wallwork et al. 2004,
Wildermuth and McNamara 1994). Parsel biyiiklikleri
2x1 metre olup, parseller arasinda 50 cm emniyet seridi
birakilmistir. Ekimler elle yapilmistir. Denemelerde 0,025 g/

m? tohum ekilmistir.
Hastalik degerlendirmeleri

Bitkiler tam olum donemi sonunda iken her parselden
tesadiifen segilen 25 bitki olmak {izere toplam 100 bitki
kokleri ile sokiilmiistiir. Sokiilen bitki kokleri musluk suyu
altinda yikanmustir. Degerlendirmeler Cizelge 1de verilen
0-4 skalasina ve Sekil 1de verilen lezyon skalasina (EPPO
2008) gore yapilmistir. Elde edilen sonuglar ile Towsend
Heuberger formiilii [Hastalik Siddeti (%) = Z(nxV/ZxN)
x100, n: skalada farkli hastalik derecesine giren bitki sayisy;
V: skala degeri; Z: en yiiksek skala degeri; N: gézlem yapilan
toplam bitki sayis1] kullanilarak hastalik siddeti degerleri
belirlenmistir. Hastalikli bitkilerden Biiyiik et al. (2018)a

gore reizolasyon ¢alismalar1 yapilmistir.

Istatistiki olarak yapilan degerlendirmeler SPSS21 paket
programindan yararlanilarak yapilmistir. Varyans analizi
de,

farklihiklarin 6nem derecelerine gore siralamalari igin Tukey

uygulanan karakterler arasinda belirlenmis ise

testinden yararlanilmistir.

Cizelge 1. Hastalik degerlendirmesinde kullanilan 0-4

skalas1 (EPPO 2008)
Table 1. 0-4 scale used in evaluation of disease (EPPO 2008)

Hastalikli enfekteli kok (%) Tanim
0 Saglam (belirti yok) (%0)
1 Koklerin %1-10’u enfekteli
2 Koklerin %11-30’u enfekteli
3 Koklerin %31-60’1enfekteli
4 Koklerin %61-100’1 enfekteli

*0-2 aras1 R (dayanikli), 2-MR (orta dayanikli), 3-MS (orta hassas), 4-S (hassas)

| i

Sekil 1. Hastalik degerlendirmesinde kullanilan lezyon

skalasi (EPPO 2008)
Figure 1. Lesion scale used in evaluation of disease (EPPO

2008)

SONUCLAR VE TARTISMA

Konya ve Tekirdag illerinde vyiiriitillen ¢aligmalardan
elde edilen verilere uygulanan varyans ve Tukey testi

analizi sonucunda lokasyonxgesit interaksiyonu tespit
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edilmistir. 2018 yilinda Tekirdag ilinde yapilan galismalarda
degerlendirme yapilmasina ragmen (Cizelge 2), 2019 yilinda
deneme alaninda ¢alismanin yiratildagi siire igerisinde
yeterli hastalik siddeti olusmadigindan degerlendirme
yapilmamugtir. Cesit reaksiyonu degerlendirmeleri iki y1l tist
tiste Konya ilinde yapilan deneme sonuglar: dikkate alinarak
yapilmustir (Cizelge 2).

Denemeler sonucunda 7 gesit hastaliga orta dayanikl
bulunurken hastaliga tam olarak dayanikli bir ¢esit
bulunamamigstir. Sanli, Gerek, Kinaci, Bezostaja, Mirzabey,
Dagdas ve Karahan gesitleri her iki yilda da (2018 ve 2019)
diisiik hastalik siddeti gostererek skalada orta dayanikli
(MR) degeri almigtir. Demir, Altay, Sonmez, Kiziltan,
Eminbey, Kenanbey, Kunduru, Pehlivan cesitleri her iki
yilda da yiiksek hastalik siddeti gostererek (MS) orta hassas
reaksiyon tipi degerlerini gostermislerdir (Cizelge 2). Konya,
Bayraktar ve Ekiz gesitleri ise 2018 yilinda yapilan ¢aligmada
orta hassas (MS) reaksiyon gosterirken, 2019 yilinda yapilan
calismada orta dayanikli (MR) reaksiyon gostermistir.
Ikizce gegidi ise 2018 yilinda orta hassas (MS), 2019 yilinda
ise hassas (S) reaksiyon gostererek hastaliga en hassas

gesit olarak tespit edilmistir. Ayrica deneme tarlalarindaki

hastalikli bitkilerden reizolasyonlar yapilmis ve hastalik
teyit edilmistir (Sekil 2).

Sekil 2. Deneme kurulan tarlalardaki hastalikli bitki 6rnekleri
(a), fungusun koloni yapust (b), hif ve hypopodium yapilari (c)
Figure 2. Infected plant samples in trial fields (a), fungal
colony structure (b), hyphae and hypopodium structures (c)

Ulkemizde
diger bitkilerdeki ¢esit reaksiyonu ile ilgili bir ¢alisma

Ggtnin  bugday ve konukgusu oldugu
bulunmamaktadir. Diinyada ise bu konuda ¢ok az calisma
mevcuttur ve suanakadar bu hastaliga karsibugdayda dayanikli
bir ¢esit bulunamamustir (Cook and Naiki 1982, Hornby et al.
1998, Weller et al. 2002). Son yillarda yapilan ¢alismalarda
“Watkins 1190777 isimli bir ticari bugday cesidinin hastaliga
orta derecede dayanikli oldugu bildirilmektedir. Ayrica
“Gerald” yulaf ¢esidinin ve “Carotop” ¢avdar ¢esidinin
hastaliga karst dayanikli, “Trilogie” tritikale gesidinin ise
orta derecede dayanikli oldugu bildirilmistir (McMillan et
al. 2014, Osborne et al. 2018). Iranda yapilan bir ¢alismada
333 ekmeklik bugday genotipinin etmene kars: reaksiyonlar
saks1 ¢aligmalari ile test edilmis ve sadece 5 genotip dayanikli
reaksiyon gostermigtir. Caligmada kiglik bugdaylarin yazlik

bugdaylara oranla hastaliga karsi daha dayamkh reaksiyon
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edilen hastalik siddeti ve reaksiyon tipleri

Table 1. Disease severity and reaction types determined as a result of varietal reaction studies carried out in the production

seasons of 2018 and 2019 in Konya province

Hastalik siddeti (%)
Bugday cesitleri N — ReglitalamaiStd. Hata (min-mak)

Tipi‘ 2018 Konya Tipi‘ 2019 Konya 2018-2019 ort Tekirdag 2018
e o
nmon s SESM g SESIh sar s
Cbmcmo 4w DS Dol i oo
Cme 4 s SPSTE g TS e s
e m S e orie seas
Gl TSN ien smenoin o
Dwe 4 SO Sosde eraed s
Gl ows S7 o emase G e
Dk g e i s
Oroan 4w SIS e sl e
0 BENE  Mmgh ssaen s
ot s SIS Swd vk oo
N I el
T e vl i e
S b SESMEN g s mmnsw s
i s WA o wmiad sosso o
7 e s SN bl v s
h s SRR o wmse o s
oramb o ws S Do s s
whes 4w ENSEE o omawd  gymer o
71 Hereward S 84,25+2,32 a S 78,75+4,66a 50,25+31,49c¢ 36,25+3,09

(Hassas kontrol)

(78,00-89,00) A

(69,00-89,00)A

(69,00-89,00)

(29,00-44,00)

gosterdigi belirtilmistir (Vazvani et al. 2017). Caligmamizda ise
16 adet ekmeklik 4 adet makarnalik bugday cesitlerinde 2017-
2019 yillarinda dogal enfeksiyon ile tarla kogullarinda yapilan
denemelerde Ggt'ye dayanikli bir ¢esit bulunamamistir. Chng
et al. (2005) tarafindan Yeni Zelandada yapilan bir ¢alismada
ise Avena fatua (yabani yulaf) ve Cynosurus cristatus, Cynodon
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dactylon ve Paspalum dilatatum ¢im gesitleri hastaliga kars
dayanikl reaksiyon gostermistir. Yine Yeni Zelandada yapilan
bir bagka ¢alismada, tilkenin 12 yerel ¢esidinin dogal olarak
bulagik ve suni inokulasyon yoluyla bulastirilmis tarlalarda, 3
yil boyunca Ggt'ye reaksiyonu ve verim kayiplar1 arastirilmus ve
Ggt'ye dayanikli bir ¢esit bulunamamistir. Ancak toleransdaki
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gesitlilik, yetistiricilere ¢esit se¢iminde katkida bulunmustur.
Ayrica yapilan ¢alismada 'Starfire, 'Oakley’ ve 'Sage' cesidi
ekilen topraklar, hasattan sonra inokulumun en az birikmesine
neden olmustur. Bu nedenle bu gesitlerin bu yontiyle ¢iftcilere
onerilebilecegi kanisina varilmistir (Van Toor et al. 2016).
Ingilterede 5 yil boyunca yiiriitillen bir saha caligmasinda,
Tiirkiye dahil diinyadaki birgok tilkeden elde edilen 34 adet
eski (atasal) diploid bugday ¢esidi Triticum monococcum (A
genome), G. graminis var. tritici (Ggt)‘ye kars: tarla kosullarinda
denemeye alinmugtir. Caligma sonucunda hastaliga kars
dayaniklilik diizeyi yiiksek olan yedi (7) T. monococcum
tespit edilmistir. Diger tiim gesitler hassas bulunmus ya da
yillar boyunca tutarli bir fenotip gostermemistir. Caligmada
ayrica T. monoccum gesidi icerisinde birden fazla genetik
dayanikhilik kaynagmin var olabilecegi kanisina varilmugtir.
T. monococcumun yiksek hastalik riski durumlarinda T.
aestivur’un performansini arttirmak icin kullanilabilecek,
hastaliga kars: genetik bir dayaniklilik kaynag saglayabilecegi
belirtilmistir. Caligmada, bu sonucun hastaligin ekonomik ve
stirdiiriilebilir genetik kontroliinii elde etmek i¢in son derece
degerli bir veri oldugu sonucuna varilmistir (McMillan et al.
2014). Bugdayda ‘Gogerten’ hastaligina karsi dayanikl gesitleri
tespit edebilmek amaciyla Litvanyada 324 kighik bugday gesit
ve hatt1 kullanarak yapilan 3 yillik bir ¢alismada ise 2 kighk
bugday ¢esidi hastaliga karsi dayanikli bulunmustur (Liatukas
etal. 2010).

Diinyada yapilan gesit reaksiyonlarinin tespiti ile ilgili
¢alisma sonuglar incelendiginde, mevcut kiiltiirti yapilan
bugday gesitlerinin biiyiik bir gogunlugunun Ggt tiirlerine
hassas oldugu gortilmektedir.

Sonug olarak iilkemizde 6zellikle yagisin oldugu, sulanan
ve taban arazilere sahip bogelerde onceki yillarda hastalik
gortldilyse Ggt hastaligina dayaniklilik agisindan Sanly,
Gerek-79, Kinac1-97, Bezostaja 1, Mirzabey 2000, Dagdas-94,
Karahan-99 gesitleri ciftcilere onerilebilir. Ayrica bu gesitler
islah caligmalarinda ve hastaliga dayaniklihigi amaglayan

gen belirleme ¢alismalarinda donér olarak kullanilabilir.
TESEKKUR

Bu calisma Tarimsal Arastirmalar ve Politikalar Genel
Midirligi tarafindan desteklenmistir (Proje No: TAGEM-
BS-12/12-06 / 02- 04).

OZET

Bu c¢aligma bugdayda gogerten hastaligina sebep olan
Gaeumannomyces graminis [Sacc.] Arx & Oliver var. tritici
[J. Walker])’ye kars1 bazi bugday gesitlerinin reaksiyonlarin
belirlemek amaciyla 2018 ve 2019 yillarinda Konya ve Tekirdag
illerinde dogal enfeksiyon ile tarla kosullarda ytirtitilmustiir.
Caligmada 16 ekmeklik ve 4 makarnalik bugday ¢esidinden
olugan 20 bugday ¢esidinin hastaliga kars: reaksiyonlar: test
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edilmigtir. Caligma sonucunda, Sanli, Gerek-79, Kinaci-97,
Bezostaja 1, Mirzabey 2000, Dagdas-94, Karahan-99 ¢esitleri
hastaliga orta dayanikli (MR) reaksiyon gosterirken, Demir
2000, Altay 2000, Sonmez 2001, Kiziltan-91, Eminbey, Kenan
Bey, Kunduru 1149 ve Pehlivan gesitleri ise orta hassas (MS)
reaksiyon gostermislerdir. Ikizce 96 cesidi ise hastaliga
en hassas g¢esit bulunmustur. Hastaliga dayanikli gesit
bulunamamuistir. Hastaligin yogun goértildiigii alanlarda orta

dayanikli olarak belirlenen ¢esitler tercih edilebilir.

Anahtar kelimeler: Gaeumannomyces graminis, bugday,

gogerten, gesit reaksiyonu
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Stigmina carpophila conducted to examine the susceptibility of 9 domestic and 10 foreign (in total

19) apricot cultivars to shot-hole disease in 2014 and 2015. The cultivars were

tested under natural inoculation and no fungicide was applied in the trial. Disease
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symptoms were observed separately on fruits and leaves. Analysis of leaves
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showed that cultivars named Cagataybey (32.30%), Sakit-7 (26.30%), and
Sekerpare (25.03%) had the highest levels of disease severity while cultivars

named Wilson Delicious (11.41%), Ivonne Liverani (12.54%), and Borsi Rozsa
(14.35%) had the lowest levels. Findings of fruit evaluations demonstrated that
the highest levels of disease severity were found on cultivars named Sekerpare
(50.87%), Sakit-7 (50.15%) and Sakit-2 (49.85%) while the lowest levels were
found on cultivars named Aprikoz (17.45%), Zard (17.69%), and Hasanbey
(21.28%). Statistical analysis between leaf and fruit disease severities illustrated
a moderate positive correlation. However, no statistical difference was observed
between leaf and fruit disease severities in ripening periods. Disease severity
levels for fruits and leaves of foreign cultivars were lower than those of domestic
cultivars. Determination of disease resistances of domestic-foreign apricot
cultivars with high fruit quality is thought to provide a great advantage in selecting
the parents to be used as a source of resistance in breeding studies.
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INTRODUCTION

Shot-hole disease, caused by the fungus Stigmina carpophila
(Lev.) M.B. Ellis (Synonym=Wilsonomyces carpophilus),
affects stone fruits (peach, nectarine, apricot, plum, and
cherry), causing serious economic loss worldwide (Ivanova
et al. 2012). From these stone fruits, apricot is one of the
most economically important plants. Besides, it is widely
produced in various locations thanks to its enormous
adaptation capability to different ecological conditions.
Recently, almost 4.083.861 tons of apricots have been grown
worldwide. Turkey is the leading producer, accounting for
846.606 tons of world production (Anonymous 2019).

Despite the use of intensive fungicide for serious infections,
itis difficult to control shot-hole disease especially in certain
years, depending on the climatic conditions. As a result of
the intensive use of fungicide applications, production costs
increase and both human health and the environment are
under threat. Therefore, the use of resistant cultivars is an
important way of controlling the shot-hole disease. In the
control of shot-hole disease, the use of copper fungicides
significantly reduced the amount of inoculum density and
prevented the occurrence of infections (Ilicic et al. 2019).

The fungal pathogen can infect buds, twigs, leaves, blossoms,
and fruits of host plant -apricot. The disease is most harmful
in the cool and humid periods, extending to the spring.
However, it can occur at any time in prolonged rainy weather
and can cause damage in all seasons (Evans et al. 2008, Yousefi
and Shahri 2014). Shot hole disease symptoms observed on
leaves are small reddish or purplish spots, with yellow halo
bordering spots. In late stages of the disease, these spots
drop out (Ivanova et al. 2012). Shot hole disease symptoms
observed on fruits are large and rough, scab-like spots on
the fruit skin, causing the skin to crack and ooze. The fungal
pathogen overwinters as mycelium or conidia (in temperate
climates) on the bark surface of dormant buds (EPPO 2004).

The shot hole is a destructive disease for apricots at humid
and cool conditions (Ivanova et al. 2012). The incidence of
this disease is 74% in Turkey (Sarac 2018). In recent years, the
incidince of shot-hole disease has been increasing because of

enlargement of its growing areas and global warming.

Control of the disease is mainly based on cultural practices
(destruction of infected plant debris) and fungicide
applications (fungicide sprays at leaf when it falls in autumn,
before bud break in the spring, and at immature fruit
stage) (EPPO 2004, Asma et al. 2017). However, fungicide
applications increase production costs and pose a serious
risk both for environment and human health. To minimize
economic loss caused by shot-hole disease and reduce
fungicide application, it is necessary to use disease-resistant

/ (moderately resistant) cultivars.
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The use of resistant varieties is important in the fight
against economically important diseases and pests (Mitre
et al. 2015). Shahri et al. (2014) conducted a study on
determining the resistance of apricot varieties against shot
hole disease in Iran. This study suggested that four cultivars
(Lasjerdy, Shahroudi29, Shahroudi51 and Ghazi Gahani) be
used for apricot production as resistant sources of breeding
materials. No study has been conducted on determining
disease-resistant cultivars against shot hole disease in apricot
in Turkey. This is the first study on examining resistance of

apricot against shot hole disease in Turkey.

This study was carried out to determine the susceptibility of
some apricot cultivars against shot hole disease caused by
S. carpophila, one of the most important fungal diseases of
stone fruits, especially apricot.

MATERIALS AND METHODS
Apricot cultivars and orchard

In this study, 9 domestic and 10 foreign (in total 19) apricot
cultivars were used in Egirdir Fruit Research Institute,
Ministry of Agriculture and Forestry, Republic of Turkey.
These cultivars were (i) nineteen cultivars of apricot
including three early ripening (Canino, Feriana and F. De
Colomer), (ii) seven middle ripening cultivars (Aprikoz
(Igdir), Sekerpare, Wilson Delicious, Harcot, Ivonne
Liverani, Cagataybey, and Early Gold), and (iii) nine late-
ripening cultivars (Ethembey, Hacikiz, Hasanbey, Roksana,
Sakit-2, Sakit-6, Sakit 7, Zard and Borsi Rozsa), all of
which had a better yield and horticultural characteristics.

They were tested against S. carpophila (Table 1). No

Table 1. Using 9 domestic and 10 foreign (in total 19) apricot
cultivars in reaction tests

Cultivar name Harvest Period

Aprikoz (Igdir) Middle ripening
Canino Early ripening
Ethembey Late ripening
Feriana Early ripening
Hacikiz Late ripening
Hasanbey Late ripening
Precoce de Colomer Early ripening
Roksana Late ripening
Sakat-2 Late ripening
Sakit-6 Late ripening
Sakat-7 Late ripening
Sekerpare Middle ripening
W.Delicious Middle ripening
Harcot Middle ripening
L. Liverani Middle ripening
Cagataybey Middle ripening
Zard Late ripening
K.Rozsa Late ripening
Early Gold Middle ripening




Bitki Koruma Biilteni / Plant Protection Bulletin, 2021, 61 (2) : 51-56

fungicide applications were done against disease during
the experiment. This study was carried out in 2014-2015.
Experiments were conducted under natural infection
conditions. All cultivars were performed in a completely

randomized plot design with 4 replicates for each tree.
Disease evaluation

Disease evaluations were made on fruits and leaves
separately. The percentage of infection ratio and the
number of available spots on the leaves of cultivars were
tested randomly in a total of 100 leaves according to a 1-5
scale (Table 2). In addition, the percentage of infection ratio
and the number of available spots on the fruits of cultivars
were tested randomly in a total of 20 fruits according to a
1-4 scale (Table 3). Natural inoculation assessments were
performed at the beginning of leaf and fruit formation
(Ioana et al. 2012). The percentage of disease severity
in leaves and fruits was calculated according to the
Townsend and Heuberger formula (1943) based on scale
values obtained by reaction tests of apricot cultivars. The
method used to determine the shot-hole disease infections
was based on visual observation, considering the signs
and symptoms shown by infected leaves and fruits. The
symptoms observed on the apricot cultivars were noted.
Resistance levels were grouped according to disease
severity rates. The groups were 0-1% resistant; less than
25% less susceptible; between 25-50% susceptible, more
than 50% more susceptible (Pauwels and Keulemans 2000,
Kaymak et al. 2016).

Table 2. The scale used for the evaluation on leaves of the
shot-hole disease

Scale Description
0 No spot

1 1-7 shots or spots

2 8-15 shots or spots

3 More than 15 shots or spots
Half of the torn leaf, shredded the other half intact
or covered with small holes in the leaves
Each side of the leaf is filled with more than 1 cm
or larger holes or tears

Table 3. The scale used for the evaluation on fruits of the
shot-hole disease

Scale Description

0 No spot

1 Smaller than 5 mm up to 5 spots

) Greater than 5 mm up to 5 or more than 5 pieces
smaller than 5 mm spot

3 5 pieces more spot greater than 5 mm

More than half of the leaf-covered with spots

Statistical analyses

Statistical analyses were made by SPSS 16 (IBM Corp.,
Armonk) software package programme. Data was obtained
from disease severity scales and reaction test findings of
each apricot. By variance analysis (ANOVA), the results
were evaluated to determine whether there is a significant

variation within and among the cultivars.
RESULTS AND DISCUSSION

Shot hole disease, caused by S. carpophila, is one of the most
commonly seen diseases in the apricot orchards in Turkey
(Sipahioglu et al. 1999, Ozgénen and Erkilig 2001, Sarac
2018). The disease attacks both leaves and fruits. In case of
severe leaf infections as a result of shot-hole disease, energy
production system of apricot may collapse. The disease can
noticeably reduce the quality of fruits, which may lead to
serious economic loss. The leaf and fruit symptoms of the
shot-hole disease were given in Figure 1. In this context, some
apricot varieties which are resistant or susceptible to shot-

hole disease have been phenotypically identified in this study.

Figure 1. Symptoms of the disease shot-hole on the fruit and
leaf

In this study, it is shown that since the first infections of
shot-hole disease begin on the young leaf, apricot cultivars
reactions against leaf infections are important. The average
leaf infections of apricot varieties depending on early,

middle and late ripening periods were given in Figure 2

& »
S &

& & v
& & S

Qy‘ & & Qg& K

* oy NS

S

THE SEVERITY OF DISEASE (%)
- wow
s B 2
£
¢ -
" —

APRICOT CULTIVARS

Figure 2. Mean disease severity rates (%) on the leaf of
apricot early and middle ripening cultivars



Bitki Koruma Biilteni / Plant Protection Bulletin, 2021, 61 (2) : 51-56

and Figure 3. Regarding leaf infections, the lowest disease
severities were determined to be Wilson Delicious, Ivonne
Liverani, which are middle ripening cultivars, and Borsi
Rozsa, a late ripening cultivar. Therefore, these cultivars

with low infections can be suggested for breeding programs.
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Figure 3. Mean disease severity rates (%) on the leaf of
apricot early and middle ripening cultivars

In this study, 19 different cultivars were tested against shot-
hole disease. The percentage of disease severity on leaves
and fruits of apricot cultivars was evaluated under natural
inoculation conditions in 2014 and 2015. The results of
the study demonstrated that commercial cultivars had
different levels of reactions, ranging from less susceptible to
susceptible. Homogeneous test was conducted with disease
severity on leaves and fruits of cultivars between 2014 and
2015 years. It has been considered that disease severity rates

show a homogeneous distribution over the years.

For each apricot cultivar, the disease severities on the
leaves were 32.30% (Cagataybey), 26.30% (Sakit-7),
25.03% (Sekerpare), 22.89% (Harcot), 22.18% (Canino),
21.44% (Feriana), 18.86% (Sakit-6), 18.25% (Aprikoz),
18.12% (Early Gold), 17.97% (Precoce de Colomer),
17.47% (Sakit-2), 17.17% (Roksana), 17.14% (Zard),
15.66% (Hasanbey), 15.53% (Ethembey), 15.335 (Hacikiz),
14.35% (Borsi Rozsa), 12.54% (I. Liverani) and 11.41% (W.
Delicious), respectively. According to the study reported by
Grantina-Ievina and Stanke (2015), the average incidence
of shot-hole disease was 41% in diploid plums and 80% in
European plums, while the average severity was in 9 and
15%, respectively. Mitre et al. (2015) reported that plum
cultivars named Top End, Jojo, Tophit, Toptaste, Nectarina
rosie and Topfirst were slightly attacked by S. carpophila
(5.3-7.3% attack degree). Results of these studies are in

parallel with our findings.

In the study, among the apricot cultivars, the disease severities
on fruit were 50.87% (Sekerpare), 50.15% (Sakat-7), 25.03%
(Sekerpare), 22.89% (Harcot), 22.18% (Canino), 21.44%
(Feriana), 49.85% (Sakit-2), 49.57% (Sakit-6), 47.02%
(Ethembey), 43.66% (Harcot), 40.08% (Cagataybey), 37.78%
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(Roksana), 37.58% (Borsi Rozsa), 36.74% (P. de Colomer),
35.96% (W. Delicious), 34.47% (Early Gold), 29.66%
(Feriana), 27.76 % (1. Liverani), 24.80% (Canino), 23.71%
(Hacikiz), 21.28% (Hasanbey), 17.69% (Zard) and 17.45%
(Aprikoz), respectively.

In this study, a moderate positive correlation was observed
between leaf and fruit disease severities. However, regarding
ripening periods, no statistical difference was detected
between leaf and fruit disease severities. Disease severity
on fruits and leaves of foreign cultivars was lower than
that of domestic cultivars. Moreover, the results of disease
severity on leaves showed that 3 cultivars (Cagataybey,
Sakit-7 and Sekerpare) were categorized as susceptible
while 16 cultivars were classified as less susceptible)
(Table 4). When the results of the previous studies and
this study are evaluated, it is revealed that the severity of
the disease may vary from year to year according to the
regions, countries and climatic conditions. As explained
above, this study was conducted under natural inoculation
and high disease pressure occurred. To understand main
resistant level that the cultivars have, artificial inoculation
is required under control conditions. On the other hand,
the results of infection severity on apricot fruits showed
that 2 cultivars (Zard and Aprikoz-Igdir), 12 cultivars, and
5 cultivars were classified as more susceptible, susceptible
and less susceptible, respectively (Table 5). On the other
hand, in a study by Mehlenbacher et al. (1991) and Shahri
et al. (2014), some resistant apricot cultivars (Moongold,
Lasjerdy, Shahroudi29, Shahroudi51 and Ghazi Gahani) and
moderately resistant cultivars (Boccuccia, Ivonne Liverani,
Hungarian Best, Moniqui, Goldrich, Stark Early Orange,
Tyrinthe, Ananas, Erevani, and Reliable) against shot-hole
diseases were reported. This also supports the findings
of Trandafirescu and Indreias (2011) who determined
that apricot cultivars named Patriarca Temprano, Joubert
Foulon, Marculesti 72, Precoce de Colomer, Rosii Timpurii,
Baracca and Stella were tolerant. These cultivars can be
used as a source of resistance to increase the resistance
level of domestic cultivars through breeding. This approach
may result in developing resistant domestic cultivars.
The resistance gene/genes in apricot cultivars needs to
determined. The use of the marker assisted selection (MAS)
technique should be given importance. Thus, it is thought
that with the use of MAS, breeding studies can be completed
in a shorter time and with less labor, and more successful
results can be obtained (Asma et al. 2017). Besides, the
resistance levels of each cultivar grown in different locations
may differ under different environmental factors. For this
reason, these studies should be carried out in different

locations. As a result, an environmentally friendly control
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method against shot-hole disease can be used in apricot
production. For instance, the resistance of some peach

cultivars were evaluated against the shot-hole disease in Iran

Table 4. Mean disease severity rates (%) on the leaf of
apricot cultivars

Cultivar Name  The severity of Reaction levels
disease (%)

Cagataybey 32.30a Susceptible

Sakat-7 26.30 b Susceptible

Sekerpare 25.03b Susceptible

Harcot 22.89 bc Less Susceptible
Canino 22.18 bed Less Susceptible
Feriana 21.44 bed Less Susceptible
Sakit-6 18.86 cde Less Susceptible
Igdir-Aprikoz 18.25 cde Less Susceptible
Early Gold 18.12 cde Less Susceptible
P.de Colomer 17.97 cde Less Susceptible
Sakit-2 17.47 def Less Susceptible
Roksana 17.17 def Less Susceptible
Zard 17.14 def Less Susceptible
Hasanbey 15.66 efg Less Susceptible
Ethembey 15.53 efg Less Susceptible
Hacikiz 15.33 efg Less Susceptible
K.Rozsa 14.35 efg Less Susceptible
I.Liverani 12.54 fg Less Susceptible
W.Delicious 1141g Less Susceptible

* a-g: The same letter are not significantly different (p<0.05) according to Duncan’s

multiple range test

Table 5. Mean disease severity rates (%) on the fruit of
apricot cultivars

Cultivar Name The. severity of Reaction levels
disease (%)

Sekerpare 50.87 a More Susceptible
Sakit-7 50.15a More Susceptible
Sakit-2 49.85 ab Susceptible
Sakit-6 49.57 ab Susceptible
Ethembey 47.02 ab Susceptible
Harcot 43.66 abc Susceptible
Cagataybey 40.08 abed Susceptible
Roksana 37.78 abcde Susceptible
K.Rozsa 37.58 abcde Susceptible
P.de Colomer 36.74 abcdef Susceptible
W.Delicious 35.96 abcdef Susceptible
Early Gold 34.47 bedef Susceptible
Feriana 29.66 cdefg Susceptible
LLiverani 27.76 defg Susceptible
Canino 24.80 defg Less Susceptible
Hacikiz 23.71 efg Less Susceptible
Hasanbey 21.28 fg Less Susceptible
Zard 17.69 g Less Susceptible
Aprikoz (Igdir) 1745 g Less Susceptible

*

Duncan’s multiple range test

a-g: The same letter are not significantly different (p<0.05) according to
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(Ahmadpour et al. 2011). This evaluation results indicated
that Redtop, Springcrest and Early Elberta cultivars were
resistant (Ahmadpour et al. 2011).

This is the first study on determining the resistance level of
some commercial apricot cultivars against shot-hole disease
in Turkey. Determination of disease resistances of domestic-
foreign apricot cultivars with high fruit quality is thought to
provide a great advantage in selecting the parents to be used asa
source of resistance in breeding studies. This data will be useful
to plan new plantings of apricots for growers. Additionally,
these results suggested that development of resistant varieties
will be a crucial step for sustainable apricot production since it

will decrease fungicide application in Turkey.
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OZET

Stigmina carpophila (Lev.) M.B. Ellisin neden oldugu
yaprak delen kayisi icin 6nemli bir fungal hastaliktir ve
Tiirkiye'de kayisida ciddi ekonomik kayba neden olur.
Kayisilar1 yaprak delen hastaliginin gesitli yikici etkilerinden
korumak igin, ekosistemde ciddi hasara yol agabilecek
tehlikeli

etkilerini en aza indirmenin veya ortadan kaldirmanin en

agir1  fungisit kullanilmaktadir.  Fungisitlerin
faydali alternatif yollarindan biri, dayanikli/orta dayanikli
gesitler kullanmaktir. Bu ¢aligma, 2014 ve 2015 yillarinda
9 yerli ve 10 yabanci (toplam 19) kayis: ¢esidinin yaprak
delen hastaligma karst duyarhiligini incelemek amaciyla
Cegsitler

edilmistir ve denemede fungisit kullanilmamistir. Hastalik

yapilmustir. dogal inokulasyon altinda test
belirtileri meyve ve yapraklarda ayri ayri1 gozlenmistir.
Yaprak analizleri, Cagataybey (%32.30), Sakit-7 (%26.30)
ve Sekerpare (%25.03) olarak adlandirilan gesitlerin en
yiksek hastalik siddetine, Wilson Delicious (%11.41),
Ivonne Liverani (%12.54) ve Borsi Rozsa (%14.35) olarak
adlandirilan gesitlerin ise en diisiik seviyeye sahip oldugunu
gostermistir. sonucunda,
en yiksek hastalik siddeti seviyeleri Sekerpare (%50.87),
Sakit-7 (%50.15) ve Sakit-2 (%49.85) olarak adlandirilan
cesitlerde, en diisiik seviyeler ise Aprikoz (%17.45), Zard
(%17.69) ve Hasanbey (%21.28) gesitlerinde hesaplanmigtir.

Yaprak ve meyve hastalik siddetleri arasindaki istatistiksel

Meyve degerlendirmelerinin

analizde pozitif yonlii orta diizeyde pozitif bir korelasyon
gostermistir. Bununla birlikte, olgunlasma dénemlerinde
yaprak ve meyve hastalik giddetleri arasinda istatistiksel
olarak fark goézlenmemistir. Yabanci ¢esitlerin meyve

ve yaprak hastalik siddetleri, yerli cesitlere gore daha
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dugsiiktiir.  Islah calismalarinda dayamikhilik  kaynag:
olarak kullanilacak ebeveynlerin se¢ilmesinde, yiiksek
meyve kalitesine sahip yerli-yabanci kayist gesitlerinin
hastalik dayanimlarinin belirlenmesinin biiyiik bir avantaj

saglayacag: diisiiniilmektedir.

Anahtar kelimeler: kayisi, ¢esit, hastalik, yaprak delen,
Stigmina carpophila
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