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Original article

Characterization and prevalence of disease agents of root rot and wilt disease
on sweet almond trees grown in Diyarbakar province

Diyarbakir ilinde yetigen badem agaglarinda sorun olan kok ¢urtikligi ve solgunluk hastalik

etmenlerinin karakterizasyonu ve yayginligi

Zekiye Ceren AKTAN®, Soner SOYLUb*, Osman CIFTCI*, Sahimerdan TURKOLMEZ®

aDiyarbaklr Plant Protection Research Institute, Silvan Karayolu 7. km., PK.115 21110 Sur, Diyarbakir, Turkey
bHatﬂy Mustafa Kemal University, Faculty of Agriculture, Department of Plant Protection, Antakya, Hatay, Turkey
cGAPAgricultuml Research Institute, Pasabagi Mah., Recep Tuyyip Erdogan Bulvari, No:106 PK:75 63040 Haliliye, Sanlurfa, Turkey

ARTICLE INFO ABSTRACT

Article history: S almond (P duleis L) i £ th . frui .
DOL: 10.16955/bitkorb. 561427 weet ond ( n'mus .u cis L.) is one of the most important nut fruit growing %n
Received : 07.05.2019 South East Anatolia region of Turkey. It has been reported that root rot and wilt
Accepted:: 02.12.2019 diseases of almond are caused by soil originated fungal disease agents which cause

significant losses in almond production throughout the world. Root rot and wilt
disease of almond may be caused by or a combination of several common soil-borne

Keywords:
. fungal species. During the spring of 2017, almond orchards and nurseries located in
sweet almond, Fusarium,
Ceratobasidium, Macrophomina, Diyarbakar province were surveyed to evaluate the prevalence and incidence of the
Sclerotinia fungal disease agent(s) causing root-foot rot and wilt diseases on randomly selected
sweet almond trees/seedlings. Several root and crown tissues were collected from
* Corresponding author: Soner SOYLU suspecious almond trees/seedlings showing poor growth, yellowing, and wilting and
=X soylu@mbku.edu.tr death symptoms. All isolates were subjected to pathogenicity test and all were identified

according to morphological and molecular methods. According to the results of
fungal isolations from roots, crowns and stems collected from suspicious almond
plants indicated that the most frequently encountered soil-borne fungal disease agent
isolated and characterised in surveyed districts was Fusarium oxysporum (Fusarium
wilt disease agent) with the 28.9% prevalence and 38.0% incidence which was followed
by Macrophomina phaseolina (Charcoal rot disease agent) with the 24.6% prevalence
and 21.5% incidence, Sclerotinia sclerotiorumum (white mold disease agent) with
19.3% prevalence and 11.3% incidence and Ceratobasidium sp. (Ceratobasidium root
rot disease agent) with the 16.7% prevalence and 18.3% incidence. To the best of our
knowledge, this is the first report of Ceratobasidium sp., E oxysporum, M. phaseolina
and S. sclerotiorum causing almond root rot and wilt diseases in Turkey.

GIRIS
Diinya kabuklu meyve yetistiriciliginde 6nemli bir yere baslangicta sadece Ege, Akdeniz ve Dogu Anadolu Bolgeleri
sahip olan tath bademin (Prunus dulcis Mill.), iilkemizde ile sinirli iken doga sartlarina adaptasyon yeteneginin yiiksek
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olmasinin yanisira pazardaki talebin artmasiyla son yillarda
yetistiriciligi iilkemizde giderek yayginlagmaktadir (Aslantas
and Gilerytiz 1999). Son yillarda, ozellikle Giineydogu
Anadolu Bolgesinde badem yetistiriciligi yapilan alanlarin

arttig1 gozlenmektedir.

Diinya badem iiretimi 3.214.303 ton olup, en fazla badem
{iretimi yapan iilkelerin baginda sirastyla ABD, Ispanya, Iran,
Fas, Suriye ve Tiirkiye yer almaktadir (Anonymous 2018).
Ulkemizde 2018 yil itibariyla 90 bin ton badem iiretimi
gerceklesmis olup, Diyarbakir ilinin iilkemizdeki badem
tiretimine katkis 3.080 tondur (TUIK 2018).

Badem iiretim alanlarinda verimi ve kaliteyi etkileyen
faktorler igerisinde hastalik ve zararllar Onemli yer
tutmaktadir. Toprak kokenli fungal hastalik etmenleri
tilkemizde oldugu gibi tarim vyapilan diinyanin tim
tilkelerinde miicadelesi zor olan hastaliklardir (Martin 2003).
Diinyanin énemli badem vyetistiriciligi yapilan bolgelerinde
yapilan stirvey ¢aligmalarinda badem agaglarinda kok ve
kokbogaz1 ¢iriikligiine toprak kokenli fungal hastalik
etmenlerinden Phomopsis amygdali (Martins et al. 2002),
Phytophthora spp. (Browne 2017, Wicks et al. 1997), Fusarium
spp. (Beck et al. 2008 a,b, Gouk 2014), Verticillium dahliae
(Gouk 2014) etmenlerinin neden oldugu bildirilmistir.
Ulkemizde badem alanlarinda nemli verim kayiplarina
neden olan toprak kokenli fungal hastaliklar ve etmenleriyle
ilgili ise olduk¢a smnirli sayida ¢aliyma bulunmaktadir. Ege,
I¢ Anadolu ve Dogu Anadolu Bolgelerinde gerceklestirilen
siirvey caligmalarinda, badem agaglarinda dal ve siirgiin
kurumalarina Phomopsis sp. ve Cytospora sp’nin yanisira
Phytophthora spp.ye ait oomycete izolatlarinin neden oldugu;
badem fidanlarinin kék ve kékbogazi bolgelerinde giiriiklitk
belirtileri olusturdugu bildirilmistir (Celiker ve Poyraz 2007,
Ciftci et al. 2016, Kurbetli and Degirmenci 2010, Kurbetli
and Degirmenci 2011, Kurbetli and Yilmaz 2015, Tirkélmez
etal. 2016).

Yapilan bu ¢aligmada, Diyarbakir ilinin 6nemli badem
yetistiriciligi yapilan alanlarinda ve fidanhklarindaki
bademlerde kurumalara neden olan toprak kékenli fungal
hastalik etmenlerinin teshisleri ve yayginlik oranlar

belirlenmistir.

MATERYAL VE METOT
Badem fungal kok ¢iiriikliik hastalik etmenlerinin siirveyi

Badem fidan ve gen¢ agaglarinda kurumalara neden olan
hastalik etmenlerinin belirlenmesine yo6nelik siirvey, 2016
yili Tarim Il Miidiirligii verileri géz oniinde alinarak
planlanmustir. Diyarbakir ilinde badem vyetistiriciliginin

yogun olarak yapildig: alanlarda 2017 yili tiretim sezonunda

stirveyler yapilmak suretiyle hastalik belirtileri gosteren agac,
fidan ve ¢ogiirlerden 6rnekler alinmigtir (Sekil 1). Toplanan
stipheli bitki 6rnekleri, kagit torbalara konulup etiketlenmis,
daha sonra hastalik teshisi igin laboratuvara getirilmis ve

izolasyonlar yapilincaya kadar +4 °C'de saklanmustir.

Sekil 1. Fungal hastalik etmenleri Fusarium oxysporum,
Ceratobasidum sp., Macrophomina phaseolina ve Sclerotinia
sclerotiorum etmenlerinin izole edildigi solgunluk, kok ve

kokbogazi ¢iirtiklugii belirtileri gosteren badem ¢ogiirleri

Fungal hastalik etmenlerinin izolasyonu

Laboratuvara getirilen hastalikli bitki 6rnekleri ¢esme
suyunda yikanarak kaba kalintilarindan arindirilmis,
enfekteli doku pargalari, saglam dokuyu da igerecek sekilde
3-5 mm buytklikte kesilerek, %1’lik NaOClde birka¢
dakika yiizey sterilizasyonu yapilmus, 5 kez steril distile suda
yikandiktan sonra steril kurutma kagitlari tizerinde, tamamen
kuruyuncaya kadar, steril kabin igerisinde bekletilmistir. Bu
doku pargalari ierisinde 50 pg ml ™ streptomisin siilfat iceren
standart Potato Dextrose Agar (PDA) (Merck, Darmstad,
Germany) besiyeri veya segici besiyeri igeren Petri kaplarina,
her Petriye 5 parga olacak sekilde, yerlestirilmistir. Ekimi
yapilan Petriler 24 °Cde 7 giin inkiibasyona birakilmigtir.
Besi yerleri tizerine ekimi yapilan dokulardan gelisen fungal
izolatlarin, u¢ kismindan alinan misel parcalari yeni besi

yerlerine aktarilmak suretiyle saflagtirmalar yapilmistir.
Patojenisite testleri

Hastalikl bitkilerden elde edilen Macrophomina phaseolina,
Ceratobasidium sp., Fusarium oxysporum ve Sclerotinia
sclerotiorum izolatlar1 PDA besiyeri tizerinde 7 giin boyunca
gelismeye birakilmistir. Funguslarin inokulum stispansiyonu,
besiyeri yiizeylerinin fungus misel/sporlar1 ile kapladig1 5
Petri igeriginin 500 ml steril saf suda diisiik hizda (200 rpm)

1 dk. karistirilmasiyla hazirlanmistir. Daha sonra hazirlanan
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stispansiyonun konsantrasyonu E oxysporum igin 10° spor/
ml, M. phaseolina, Ceratobasidium sp. ve S. sclerotiorum igin
10° propagiil/ml olacak sekilde ayarlanmigtir.

Patojenisite ¢alismalarinda kullanilacak 1 yasindaki badem
¢ogiirlerinin kok bolgeleri makasla tiraglanarak yaralandiktan
sonra, kokleri hazirlanan spor/propagiil siispansiyonuna
daldirilmis ve igerisinde 5 dk. bekletilmistir. Kokleri hastalikla
bulastirilmis olan ¢ogiirler daha énceden steril edilmis torf :
toprak : ciftlik giibresi (1:1:1) karigimi doldurulmus 3 kg’'lik
fidan tiiplerine sasirtilmistir. Diger bir inokulasyon seklinde
ise saglikli bir sekilde gelisme gosteren badem ¢ogiirlerinin
kok bogazi bolgesinde veya govde tizerinde steril kiirdan
veya bistiiri ile agilan 1 mm biiytikliigiinde yaralarin igerisine
fungus kiltiiriinden alnan besi ortamli misel pargaciklari
dogrudan yerlestirilmis ve tizerleri parafilm ile sarilmistir.
Inokulasyonu yapilmig ¢ogiirler 16:8 aydinlik/karanlik
fotoperiyotta, 20-24 °C sicakliga ayarlanmus iklim odalarinda
4 hafta siire ile inkiibasyona birakilmistir. Hastaligin tegviki
i¢in ¢ogiirler giin agir1 sulanarak topraklarinin su ile doygun

olarak kalmasi saglanmistir.

Cogiirler inokulasyondan 4 hafta sonra sokiilmiis, kok bogazi
seviyesinden kesilmek suretiyle kok ve iletim demetlerindeki
renk degisimleri ve nekroz gibi belirtiler esas alinarak
hastalik olusumu degerlendirilmistir. Hastalik etmenleri
inokulasyon noktalarinda ortaya ¢ikan belirtilerden tekrar
izole edilmis ve orijinal izolatlarla karsilagtirilmistir.
Orijinal izolatlara benzeyen re-izolatlara, benzer teshis
yontemleri uygulandiktan sonra, tiirleri teyit edilen izolatlar
denemelerde kullanilmig ve stok olarak +4 °Cde PDA besi

yerlerinde korunmustur.
Hastalik etmenlerin tanilanmasi

Patojenisite testleri sonucu elde edilen re-izolatlarin
morfolojik yonden teshisleri misel, sklerot ve spor gibi
asekstiel yapilarmim mikroskop altinda incelenmesiyle
Ceratobasidium sp’nin teshisi Sneh et al, 1991; S.
sclerotiorum’un teshisi Mordue and Holliday (1976); M.
phaseolina’nin teshisi Holliday and Punithalingam (1970); E
oxysporum’un teshisi Nelson et al. (1983)e gore yapilmistir.
Fusarium tirlerinin teshislerinde PDA besiyerinin (koloni
morfolojileri, pigmentasyon ve bitytime oranlar1 baz alinmus)
yanisira, klamidospor, mikro ve makrokonidilerin tegvik
edildigi Karanfil Yaprak-Parcacik Agar (Carnation Leaf-
Piece Agar, CLA), besiyeri kullanilmistir (Nelson et al. 1983).

Elde edilen fungal izolatlardan M. phaseolina, Ceratobasidium
sp., E oxysporum’un molekiiler teshisi, ITS-4 ve ITS-6 primer
gifti ile rDNAnin ITS bolgesi, NL1 ve NL4 primer ¢ifti ile LSU
rDNA gen bolgesi ¢ogaltildiktan sonra, niikleotid sekanslari

kullanilarak BLAST analizi ile dogrulanmistir. Bu amagla,

re-izolatlarin besi ortamindan alinan miselleri (300 mg)
toplam genomik DNA izolasyonu yapmak i¢in, siv1 nitrojen
iceren steril havanlar igerisinde toz haline getirilmistir. Bu
misellerden genomik DNA izolasyonu, DNeasy Mini Kiti
(Qiagen, Valencia, CA) kullanilarak tiretici firmanin 6nerdigi
protokollere gdre yapilmugtir. Izolatlarin rDNAlarinin ITS
bolgeleri ITS-6 (5 GAAGGTGAAGTCGTAACAAGG 3)
ve ITS-4 (5 TCCTCCGCTTATTGATATGC 3’) (White
et al. 1990) primerleri; LSU rDNA gen bolgesi ise NL1 (5
GCATATCAATAAGCGGAGGAAAAG 3’) ve NL4 (5
GGTCCGTGTTTCAAGACGG 3’) primerleri (Baten et
al. 2015, O’Donnell 1993) ile daha 6nceden bildirilen PCR
yontemleri kullanilarak ¢ogaltilmistir. PCR kosullar1 ve
programi Camele et al. (2005)e gore gergeklestirilmistir.
Buna gore, 94 °Cde 2 dk. denatiirasyondan sonra, 94 °Cde
30 sn, 55-58 °C'de 30 sn, 72 °Cde 30 snden olusan 35 dongi
ve 72 snide 10 dk. amplifikasyon kogullar: uygulanmigstir. PCR
tirtinleri, %1-1.5’luk agaroz jel ile elektroforeze tabi tutulmus
ve EtBr ile boyanarak jel gorintileme sisteminde olusan
bantlar gortintiilenmistir. Sekanslar BLAST analizi yapilarak
GenBankasinda  (http://www.ncbinlm.nih.gov) yer alan

sonuglar ile kiyaslanmigtir.

SONUCLAR VE TARTISMA

Badem kok ve kokbogazi ¢iiriikliik hastalik etmenlerinin

izolasyonu ve tanilanmas:

2017 yilinda Diyarbakir ili badem fidanlik ve bahgeleri ve
toprak kokenli hastalik etmenlerinin tespitine yonelik arazi
caligmalar1 yapilmis olup bolgede yapilan siirvey ¢aligmalar:
sonucunda 3’ii fidanlik 45’i bahge olmak izere toplam 48
yetistirme alaninda yapilan siirveylerde hastalik belirtisi
gosteren fidan/agaglardan toplam 95 bitki 6rnegi alinmustir
(Cizelge 1). Siirvey yapilan ilgelerde solgunluk (tek yanli
kuruma veya sararma, gelismede durgunluk, yapraklarin
kii¢iik, seyrek ve erkenden sarararak dokiilmesi, geriye dogru
6liim ve agaglarin tamamen kurumasi vs.) ve kok ve kékbogazi
curtkligii belirtisi gosteren aga¢/fidanlarla Dicle ilgesinde
daha fazla siklikla kargilagilmis olup, hastaligin gorildagi
diger ilgeler sirasiyla Egil, Ergani, Merkez, Bismil, Kocakoy
ve Cmar ilgeleri olmustur. Hastaligin gézlendigi alanlardan
alman stipheli 6rneklerden (Sekil 1) izolasyon ¢aligmalar:
yapilmustir. Her Ornegin, besi yerlerinde gelisen farkli
morfolojik yapiya sahip izolatlarindan saflagtirmaya gidilmek
suretiyle hastalik etmen(ler)inin izolasyonlar: saglanmistir
(Sekil 2). Saf tek spor ve/veya miselden elde edilen izolatlar
¢ogiirlere tekrar inokiile edilmis ve inokulasyondan 4 hafta
sonra sokiilerek kok bogazi seviyesinden kesilmek suretiyle
kok ve iletim demetlerindeki renk degisimleri ve nekroz gibi
belirtiler esas alinarak hastalik olusumu degerlendirilmistir.

Hastalik etmenleri inokulasyon noktalarinda ortaya ¢ikan
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belirtilerden tekrar izole edilmis ve orijinal izolatlarla
kargilastirilmistir. Patojenisite testleri sonucunda patojen
oldugu belirlenen re-izolatlarin genel ve segici besi
yerlerindeki morfolojik 6zellikleri kullanilarak teshisleri
yapildiktan sonra, ITS4/ITS6 primer ¢ifti ile rDNAnmn
ITS bolgesi, NL1 ve NL4 primer ifti ile LSU rDNA gen
bolgeleri amplifiye edilmis olup, sonugta 600-700 bp arasinda
fragmentler elde edilmistir. Elde edilen patojenik izolatlara
ait niikleotid sekanslar1 NCBI GenBankasinda bulunan
sekanslar ile BLAST analizi ile karsilagtirilarak molekiiler
tiir teshisleri teyit edilmistir. Bu izolatlarin niikleotid dizileri
NCBI gen bankasina kaydedilmistir.

Bolgede yapilan siirvey c¢aligmalari sonucunda hastalik
belirtisi gosteren fidanlar/agaglardan elde edilen ve teshisi
yapilan fungal etmenlerin dagilimi Cizelge 2de verilmistir.
Kok bogazinda incelmeler ve kizarma/kararmalarin
gozlendigi bitkilerden yapilan izolasyon sonucunda en
fazla siklikla karsilagilan fungal etmen, bitkilerde solgunluk
hastalig1 olarak bilinen ve genis konuk¢u dizilimine sahip
olan E oxysporum’dur. E oxysporum sirveyi yapilan 3
fidanliktan toplanan siipheli 6rneklerden %33.3 ila %36.4
rastlanma sikliginda, 44 bahgenin ise 8'inden toplanan siipheli
orneklerden %30 ila %50 rastlanma sikliginda olmak tizere il
genelinde %28.9 yayginlik oraninda tespit edilmistir (Cizelge

2). Kok ciirtikligii belirtisi gosteren bitki 6rneginden elde

Cizelge 1. Diyarbakir ilinde siirvey yapilan badem alanlarinda kok ¢iirakligii ve solgunluk hastalik(lar)nin yayginlig: ve

rastlanma sikliklar1 (%)

Siirvey Yapilan Tlceler
Merkez Bismil Cinar Kocakoy Egil Dicle Ergani
SYBS 7 4 3 5 12 10 7
SYTBA 95 150 150 55 850 800 250
HGBS 3 2 1 2 5 6 4
HY (%)* 42.8 50.0 33.3 40 41.6 60 57.1
HRS (%)° 8-31 15-27 23 11-29 14-37 10-35 17-26

“Hastaligin siirvey alanindaki yayginhigi, hastahgin gézlendigi bahge sayisinin bolgede toplam siirvey yapilan bahgeye oranu ile belirlenmistir (%).

" Hastahigin gozlendigi bahgelerde en az 100 bitki kontrol edilmis olup, degerler hastaligin gozlendigi bahgelerde en diisiik ve en yiiksek kayit edilen siipheli bitki sayisini gosterir.
SYBS = Siirvey Yapilan Bahge Sayis;; SYTBA = Siirvey Yapilan Toplam Bahge Alani (da); HGBS= Hastalik Gézlenen Bahge Sayis;; HY= Hastalik Yayginhgi; HRS= Hastalik Rastlanma Sikhg

Cizelge 2. Diyarbakir ilinde siirvey yapilan badem alanlarindan toplanan siipheli bitki 6rneklerinden izole edilip teshis

edilen kok giiriiklagii ve solgunluk hastalik etmenlerinin yayginligi ve rastlanma sikliklar: (%)

F. oxysporum Ceratobasidium sp | M. phaseolina S. sclerotiorum
flgeler SYB HGBS HBOS |BHY(%) HRS(%) | BHY(%) HRS(%) | BHY(%) HRS(%) | BHY(%) HRS(%)

Merkez 7 3 12 28.6 33.3 14.3 25.0 14.3 16,7 14,3 8,3
Bismil 4 2 8 25.0 37.5 50.0 25.0 0.0 0,0 50,0 25,0
Cinar 3 1 5 33.3 40.0 0.0 0.0 66.7 40,0 0,0 0,0
Kocakoy 5 2 10 40.0 50.0 20.0 20.0 40.0 30,0 20,0 10,0
Egil 12 5 20 16.7 30.0 8.3 15.0 16.7 20,0 16,7 10,0
Dicle 10 6 22 30.0 36.4 10.0 31.8 20.0 27,3 20,0 9,1
Ergani 7 4 18 28.6 38.9 14.3 11.1 14.3 16,7 14,3 16,7
il Genel Ortalamast 28,9 38,0 16,7 18.3 24.6 21.5 19.3 11.3

SYB = Siirvey Yapilan Bahge Sayis;; HGBS= Hastalik Gozlenen Bahge Sayis;; HBOS= Hastalik Belirtili Ornek Sayisi; BHY=Bolgedeki Hastalik Yayginlig1 (%); HRS: Hastaligin

izolasyonda Rastlanma Siklig1 (%)
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Sekil 2. Hastalik belirtisi gosteren bitkilerin kok, kokbogazi
ve govdelerinden izole edilen fungal tiirler (a-d). Caligmada

belirlenen Fusarium oxysporum (e), Ceratobasidium sp. (f),
Macrophomina phaseolina (g) ve Sclerotinia sclerotiorum (h)

etmenlerinin besi yerleri tizerindeki koloni gelisimleri

edilen tipik izolatin PDA ve CLA besiyerinde gelisen kolonisi,
pembe pigmentasyonlu agik beyaz renktedir. Fungusun
miselleri bolmeli, seffaf yapida olup, klamidosporlarini tek tek
veya ciftli olarak olusturmaktadir. Yogun sekilde olusturulan
makrokonidiler 3-5 bolmeli, uzun, ince duvarly, hafif kivrik
ve fasulye seklindedir. Makrokonidilerin genelde 3 bélmeli
olani daha yaygin sekilde gortilmiistiir. Fungusun morfolojik
ozelliklerinin belirlendigi mikroskobik gézlemlere ilaveten
yapilan molekiiler ¢aligmalarla fungusun genomik DNA’sinin
yukarda bildirilen primerler ile ¢ogaltilan bdlgelerinin

sekans analizleri sonucu izolattimiz %100 benzerlikle
E oxysporum ile eslesmis olup, izolatimizin elde edilen
sekanslar1 GenBankasina yiiklenmistir (GenBank erigim
No: MHO071983, MHO071984, MH071985, MHO071986).
Hastalik etmeninin tilkemizde gen¢ badem fidanlarinda
kok ciirtkligiine neden oldugu ilk kez bu ¢aliyma ile
belirlenmigtir. Hastaligin badem fidanlarinda solgunluk
etmeni olarak varligt Akbar (2005) tarafindan Iranin farkl
illerindeki badem agaglarinda yapilan siirveyler sonucunda
bildirilmistir. Benzer sekilde Beck et al. (2008 a,b), hastalik
etmenini solgunluk belirtisi gosteren meyve agaglarindaki
badem kabuklarindan elde etmigler ve E oxysporum
izolatinin diger toprak kokenli fungal hastalik etmenleri ile
birlikte geng badem agaglarinda sorun olusturan hastalik
etmeni olarak belirlemislerdir.

Kok bogazinda incelmeler ve kizarma/kararmalarin
gozlendigi bitkilerden yapilan izolasyon sonucunda elde
edilen bir diger fungal etmen ise bitkilerde komiir ¢tirtikliigii
hastalig1 olarak bilinen fungal etmen M. phaseolinadir. M.
phaseolina siirveyi yapilan 3 fidanhigin birinden toplanan
stipheli Orneklerden %16.7 rastlanma sikliginda, 44
bahgenin ise 9undan toplanan siipheli 6rneklerden %16.7
ila %40 rastlanma sikliginda izole edilmis olup, hastalik
etmeninin il genelinde yayginlik orani %24.6 olarak tespit
edilmistir (Cizelge 2). Kok ¢tiriikligii belirtisi gosteren bitki
orneginden elde edilen tipik izolatin geng hifleri renksiz
ve fazlaca dallanmis ve her dal birbirine paralel yapida
dallanma gostermistir. Yash hifler tipik olarak ince bélmeli
ve dik dallanma seklinde bir gelisme sergilemistir. Bu hifler
iistiilnde 24 °C ‘de 2-3 giin iginde siyah 70-100 um ¢apinda
diiz, parlak, siyah ve sekilsiz mikro sklerotlar olusmustur.
Fungusun genomik DNAsmin yukarda bildirilen primerler
ile ¢ogaltilan bolgelerinin  sekans analizleri sonucu
izolatimiz %100 benzerlikle M. phaseolina ile eslesmis
olup, izolatimizin elde edilen sekanslari GenBankasina
yiiklenmistir (GenBank erisim No: MH071987, MH071988,
MHO071989, MH071990). Hastalik etmeninin {ilkemizde
geng badem fidanlarinda kok ¢iiriikliigiine neden oldugu ilk
kez bu ¢aligma ile belirlenmistir.

Kok bogazinda incelmeler ve kizarma/kararmalarin
gozlendigi bitkilerden yapilan izolasyon sonucunda elde
edilen bir diger toprak kokenli fungal etmen ise bitkilerde
Ceratobasidium kok ¢lriikligli hastaligina neden oldugu
bildirilen Ceratobasidium spdir. Ceratobasidium sp. siirveyi
yapilan 3 fidanligin 2’sinden alinan siipheli 6rneklerde %15.0
ila %25.0 rastlanma sikliginda, 44 bahgenin ise 5’inden
alman orneklerde %11.1 ila %32.7 rastlanma sikhiginda
olmak {iizere il genelinde ortalama %16.7 yayginlik oraninda
tespit edilmistir (Cizelge 2). Rhizoctonia solaninin anaformik
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d6nemi olan ve Ceratobasidium sp. olarak teshis edilen fungal
izolat tarafindan olusturulan hastalik belirtisinin, baslangicta
govde veya toprak seviyesine yakin yerlerdeki kok ve kok
bogazinda ortaya ¢iktigi, genellikle fide doneminde yikici
hasarlara neden oldugu gozlenmistir. Hastaligin en ¢arpici
belirtisi tohumlarin ¢imlenmesini takiben toprak istiine
¢ikmadan ya da ¢iktiktan sonra 6lmesi ya da fidelerin yana
devrilmesi ile karakterize edilmistir. Hastalik etmeninin
gelisimi, PDA besiyerinde, R. solaninin gelisimine benzer
sekildedir. Olusturdugu misellerin baglangicta  seffaf,
vakuollii ve ¢ok niikleuslu yapida oldugu belirlenmigtir.
Inkiibasyonun ileri déneminde yaglanmaya bagli olarak
hiflerin  rengi hafif sari-kahverengine doniigmustiir.
izolatlarin yan hifleri, ana hiflerden tipik olarak 90° dik
ag1 olugturacak sekilde dallanma gostermistir. Dallanma
noktasina yakin yerlerde bolmelerin olustugu gozlenmistir.
Fungusun genomik DNAsinin yukarda bildirilen primerler
ile ¢ogaltilan bolgelerinin sekans analizleri sonucu
izolatimizin %100 benzerlikle Ceratobasidium sp. ile eslestigi
belirlenmis olup, sekanslar GenBankasrna yiiklenmistir
(GenBank erisim No: MH071975, MH071976, MH071977,
MHO071978). Hastalik etmeninin diinyada ve tilkemizde
badem agaglarinda hastalik etmeni olarak varlig: ilk kez bu

¢alisma ile belirlenmigtir (Aktan et al. 2020).

Hastalik etmeninin son zamanlarda farkl bitkiler tizerinde
hastalik olusturduguna iliskin bildirimlere rastlanmistir.
Biniikleat yapida Rhizoctonia-benzeri yapida Ceratobasidium
spnin Cinde tibbi bitkilerden Atractylodes macrocephala
(Asteraceae) ve Dendrobium officinale (Orchidaceae)
tizerinde (You et al. 2013, Zhou et al. 2017), Hindistanda
gilek ve Tagetes erecta bitkisinde (Baiswar and Ngachan
2018, Saroj et al. 2013), Meksikada karpuz bitkisinde (Meza-
Moller et al. 2014) kok ve kokbogaz: ¢iiriikliigii hastaligina
neden oldugu bildirilmistir. Schroeder and Paulitz (2012)'nin
ABDde yapmis oldugu ¢alismada, hastalik etmeninin varlig
kanola bitkisinde rapor edilmistir. Arastirmacilar yaptiklari
caligmada, kanola bitki kok curiklugii belirtisi gosteren
orneklerden elde edilen izolatin R. solaninin anastomosis
grup I (AG-I) benzeri yapida oldugunu, patojenisite
¢alismalarinda kanola bitkisinin yanisira bezelye, bugday,
nohut ve mercimek gibi bitkilerin enfekteli topraklardan
gikislarint da o6nemli diizeyde baskiladigini, hastaligin
test edildigi bitkilerde tipik olarak kok ve kokbogazinda
incelmeler, kararmalar seklinde ¢tiriimelere neden oldugunu

gozlemlemislerdir.

Bolgeden toplanan siipheli 6rneklerden yapilan izolasyon
sonucunda elde edilen bir diger fungal etmen, bitkilerde
beyaz kiif, kok ¢tiriikligi hastaligi olarak bilinen ve genis
konuk¢u dizilimine sahip olan S. sclerotiorumdur. S.

sclerotiorum sirveyi yapilan 3 fidanhgin 2’sinden alinan
hastalikli 6rneklerde 9%8.3-10 rastlanma sikliginda, 44
bahgenin ise 7sinden alinan siipheli 6rneklerde %9.1 ila
%25 rastlanma sikliginda olmak iizere il genelinde %19.3

yayginlik oraninda tespit edilmistir (Cizelge 2).

Stpheli bitkilerden izole edilen hastalik etmeni S.
sclerotiorum, besiyerinde seffaf, bolmeli yapida hifler seklinde
gelisme gostermis olup, besiyeri tizerinde beyaz renkte
miselyal koloniler olusturmustur. Ekim yapildiktan bir hafta
sonra besiyeri {izerinde gelisen miselyal koloniler {izerinde
ve genellikle petrinin kenarlarindan baglamak iizere daginik
sekilde ve sayida, diizensiz yapida 3-20 mm g¢aplarinda ici
krem-beyaz, dig kismi siyah renkte sklerotlar olusmustur.
Hastalik etmeninin fidanlarda kurumalara neden oldugu
badem bitkisinin yanisira birgok sert ¢ekirdekli bitki (kayusy,
erik, kiraz vb.) tizerinde “yesil meyve ciiriikliigii” olarak
adlandirilan hastaliga neden oldugu bildirilmistir (Horst
2008, Ogawa and English 1991). Hastalik etmeninin tilkemiz
badem fidanlarinda kok ¢iiriikliigti hastaligina neden oldugu

ilk kez bu ¢aligma ile ortaya konulmustur.

Sonug olarak, hastalikli bitkilerden yapilan izolasyonlar,
patojenisite testi, morfolojik ve molekiiler teshis ¢caligmalar1
sonucunda badem bitkilerinde kok ve kok curukluga
belirtilerine toprak kokenli fungal hastalik etmenlerinden
E oxysporum, Ceratobasidium sp., M. phaseolina ve S.
sclerotiorum’un neden oldugu tespit edilmistir. Hastalik
etmenlerinden M. phaseolina, Ceratobasidium sp., E
oxysporum ve S. sclerotiorum’un bademde hastalik

olusturdugu tilkemiz i¢in ilk kez bu ¢alisma ile belirlenmistir.
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OZET

Badem (Prunus dulcis L.) Giineydogu Anadolu Bolgesinin
6nemli iiriinlerinden biridir. Diinya genelinde bademin
toprak kokenli fungal hastalik etmenlerinin kayda deger
6nemli kayiplara sebep oldugu bildirilmistir. Bademlerde
kok curikligii ve solgunluk hastaligina, toprak kaynakli
herhangi bir veya birden fazla tiiriin yer aldig1 kombinasyon
neden olabilir. Diyarbakir ilinde 2017 bahar doneminde
badem bahgelerinde ve fidanliklarinda siirveyler yapilmus,
rastgele secilmis tath badem agaglari/fidanlari, kok-
kokbogazi ¢uiriikliigii ve solgunluk hastaliklarina neden olan

fungal hastalik etmenlerinin goriilme siklig1 ve yayginligini
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degerlendirmek icin incelenmistir. Zayif gelismis, sararmus,
solgunluk ve olim belirtisi gosteren siipheli badem
aga¢larmin/fidanlarmin  kék ve kokbogazlarindan bitki
ornekleri alinmistir. Siirvey yapilan bélgelerden toplanan
hastalik belirtisi gosteren bademlerin kok, kok bogazi ve
govdelerinden yapilan izolasyonlardan elde edilen izolatlarin
patojenisiteleri, morfolojik ve molekiller y6ntemlerle
teshisleri yapilmistir. $iipheli bitki 6rneklerinden yapilan
izolasyonlar sonucu elde edilen izolatlarn dagilimina
gore en sik rastlanan ve karakterize edilen toprak kaynakli
fungal hastalik etmeni, %28.9 yayginlik ve %38.0 rastlanma
sikligr ile Fusarium oxysporum (Fusarium solgunlugu
hastalig1 etmeni) olup, bu hastalik etmenini %24.6 yayginlik
ve %21.5 rastlanma sikhig1 ile Macrophomina phaseolina
(Komiir ¢urikligt hastaligi etmeni), %19.3 yayginlk
ve %I11.3 rastlanma sikligi ile Sclerotinia sclerotiorum
(Beyaz kuf hastalig1 etmeni) ve %16.7 yayginlik ve %18.3
rastlanma sikhig1 ile Ceratobasidium sp., (Ceratobasidium
kok ctirtkligi hastaligi etmeni) takip etmistir. Bildigimiz
kadariyla, Ceratobasidium sp., E oxysporum, M. phaseolina
ve S. sclerotiorum hastalik etmenlerinin Tiirkiyede yetisen
bademlerde hastaliklara neden oldugu ilk kez bu ¢aligmayla
bildirilmistir.

Anahtar kelimeler: badem, Fusarium, Ceratobasidium,

Macrophomina, Sclerotinia
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Citrus rust mite, Phyllocoptruta oleivora (Ashmead) (Acari: Phyllocoptidae), is
one of the most important pests of citrus fruit trees. In this study, the population
density of P. oleivora was carried out on an orange orchard at Cukurova University
(Balcali-Adana) between 2013 and 2015. Ten leaves, one fruit and one twig were
collected from 10 randomly chosen orange trees. The samples were taken every
week between April and January while biweekly between January and April. As
a result of these studies, the first individuals were observed in June. The highest
population of P. oleivora on leaves was counted as average 57.25 in August. The last
individuals on leaves were detected in January both year. The highest population
of this mite on fruits was observed in August. The last individuals on fruits were
counted between October and November both years. The highest population on
twigs was observed as average 72.13 in the first week of January. The population
of P. oleivora on twigs was reduced after May. Also, the population of P. oleivora
was increased after light rainy days while was decreased after very rainy and cold
days. The overwintering sites P. oleivora was observed as a twig. Also, Amblyseius
swirskii, Euseius scutalis and E. stipulatus Athias-Henriot (Acari: Phytoseiidae)
was detected as predator mite during the study. The low population of predator
mite was observed when the high population of P. oleivora was present.

GIRIS

ve altintopun ana zararlilarindan biri konumundadir (Garzia
and Lillo 2018, Satar et al. 2013, Uygun and Satar 2008).
Bu phyllocoptidin kékeninin Giineydogu Asya oldugu

Turunggil pas boctsi, Phyllocoptruta oleivora (Ashmead)
(Acari: Phyllocoptidae), nem oraninin yiiksek oldugu pek
¢ok turunggil bolgesinde, basta limon olmak tizere portakal
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digtiniilmektedir (Yothers and Mason 1930). Gintumiizde
ise Bat1 Hint Adalari, Giiney, Kuzey ve Orta Amerika,
Pasifik Adalari, Avustralya, Giineydogu Asya, Afrika ve
Avrupanin dahil oldugu turunggil yetistirilen hemen hemen
tim bolgelere ithal edilen meyveler veya fidan materyalleri
tizerinden giris yapmus ve turunggil yetistiriciliginin
yapildig1 nemli bolgelerde ciddi bir zararli konumundadir
(Commonwealth Instute of Entomology 1970, Van Brussel
1975). Zararlmin ilk kaydi Ashmead tarafindan 1879
yilinda Floridada yapilmistir (Ashmead 1879). Ashmead,
P oleivora’y1 ilk olarak Typhlodromus oiliioorus olarak
tanimlamigtir. Ancak, Ashmead (1880) bir yil sonra bu
zararlinin ismini Typhlodromus oleivorus olarak diizeltmistir.
Ewing (1923), Typhlodromus cinsinin Eriophyes’in sinonimi
oldugunu belirtmis ve bunun tizerine Turunggil pas bociisii
Eriophyes cinsi igerisine almmmigtir (Yothers and Mason
1930). Keifer (1938)de Phyllocoptrutanin yeni bir cins
oldugunu belirtmis olup sonrasinda da bu akar P. oleivora
olarak adlandirilmistir (Van Brussel 1975). Ulkemizdeki
ilk zarar1 1940-1941 yillar1 arasinda Rizede satsuma
grubu mandarinler iizerinde goriilen lekelenmeler ile fark
edilmis ve bu zararin uzun yillar fitopatolojik sebeplerden
kaynaklandig1 dastintilmustiir. Daha sonra Entomoloji
laboratuvarinda yapilan incelemeler sonucunda bu zararin
P, oleivoradan kaynaklandig: anlagilmistir (Diizgiines 1952).
Son yillarda ise Uygun and Satar (2008), Dogu Akdeniz
Bolgesinde P. oleivoranin ekonomik olarak ciddi kayiplara
sebep oldugunu bildirirmislerdir. Satar et al. (2013) ise Dogu
Akdeniz Bolgesinde bulunan farkli turunggil bahgelerinde
onemli akar tiirlerini belirlemek i¢in yaptiklar1 siirveylerde
P oleivoranin 6nemli bir zararll oldugunu ve bu bélgede
akarlarin onemli avcilar1 arasinda Amblyseius andersoni
(Chant) ve Typhlodromus athiasae (Porath & Swirski)
(Acari: Phytoseiidae) bulundugunu; Akyazi et al. (2016) ise
Amblyseius herbicolus (Chant) (Acari: Phytoseiidae)’u rapor

etmislerdir.

Turunggil pas boctisit Citrus cinsine ait meyvelerde zarar
yapmaktadir. Yothers and Mason (1930), P oleivoranin
turunggil tiirlerinde tercihinin sirastyla limon>lime>
citron>altintop>portakal>mandarin oldugunu belirtmistir.
Van Brussel (1975)de altintop bahgelerinde bu akar
popiilasyonunun yogun oldugunu bildirirken, Satar et al.
(2013) ise P. oleivoranin portakal ve limon tiirlerini altintop
ve mandarin tiirlerine kiyasla daha ¢ok tercih ettigini
bildirmiglerdir.

Phyllocoptruta oleivora yiiksek tireme giicii ve kisa yasam
dongiisiinden dolay1 sicak yaz aylarinda birkag haftada yiiksek
popiilasyon yogunluklarina kisa siirede ulasabilmektedir.
Zararlinin Valencia portakalinda bir déliinii 14 °Cde 37.16
glinde 31 °C’ de ise 9.12 giinde tamamlayabildigi; yumurta
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tiretiminin ise 14 °C'de ortalama 2.22 adet/disi, 27 °Cde 15.44
adet/disive31°Cdeise 11.01 adet/disi oldugu bildirilmektedir
(Allen et al. 1995). P. oleivora’nin gelisme esigi, Bodenheimer
(1951) tarafindan, 20 °C olarak hesaplanirken, Seki (1979) bu
degeri 11.2 °C olarak rapor etmis, benzer sekilde Allen et al.
(1995)’te 11.07 °C olarak hesaplamustir.

Turunggil pas bociisii giines 15181 ve sicaklik gibi cevre
faktorlerinden oldukea etkilenmekte olup, genelde agag ve
meyve lzerinde toplu sekilde bulunmaktadir. Zararlinin
agac
dalgalanmasina etki eden abiyotik ve biyotik faktorler

gerek iizerinde dagilimi gerekse popiilasyon
tizerine fazlaca bir ¢alisma mevcut degildir. Bu faktorlerden
ornegin 151810 zararlinin agag tizerinde dagilimina etki ettigi,
zararlinin direkt 151ktan kaginarak yar1 golge alanlarda yigihim
gosterdigi bildirilirken (Yothers and Mason 1930); yagmurun
zararll popiilasyon dalgalanmasina etkisi tizerine ilk
calismalar Yothers and Mason (1930) tarafindan yapilmuistir.
Aragtirmacilar pas bociistiniin yagmurlara ragmen giiglii bir
sekilde meyve veya yapraga yapistigini ancak ¢ok siddetli
yagmurlarda yikandigini buna ragmen yine yaprak veya
meyve {izerinde bazi bireylerin kalabildigini belirtmislerdir.
Yang et al. (1997) ise zararlinin maksimum popiilasyon
yogunluguna yazin yagmurlu donemlerde, kisin ise orta
derecede yagmurlu, sisli ve ¢iyli donemlerde ulasabildigini

rapor etmigtir.

Ulkemizde P oleivora iizerine yapilmis birkag siirvey
¢aligmasi disinda maalesef pek bir ¢alisma mevcut degildir
(Alkan 1947, Diizgiines 1952, Soylu ve Urel 1977, Kansu ve
Uygun 1980, Satar et al. 2013, Denizhan et al. 2015). Zararh
yonetiminde kullanilan tek miicadele yontemi kimyasal
miicadeledir. Kimyasal miicadele zararli yénetiminin
vazgecilmez unsurlarindan birisi olmustur. Bu ¢alismadaki
amag, P oleivoranin Adana (Balcal1) ekolojik kogullarinda
Valencia portakal bahgesinde popiilasyon dalgalanmasi, aga¢
tizerindeki hareketliligi ve iklimin bu zararl tizerine etkisini
belirlemektir. Bu da zararli yénetiminde, zararlinin ne zaman
gortlmeye basladig1 ve bu hareketlilige bagli olarak ilaglama

zamaninin belirlenmesinde yardimci olacaktir.

MATERYAL VE METOT

Bu caligma, Cukurova Universitesi Bitki Koruma Béliimii
deneme parselinde bulunan (Balcali-Adana) yaklasik 5
da'lik portakal (Citrus sinensis L.) parselinde yiirtitiilmistiir.
Caligmanin yiratildigh portakal bahgesi 20 yagindaki
Valencia gesidinden olusmustur. P. oleivora‘nin popiilasyonu
2013-2015 yillar1 arasinda takip edilmistir. Calismaya
2013 yilmin haziran aymda baslanmis olup, 2015 yilinin
haziran ayina kadar popiilasyon takibine devam edilmistir.

P oleivoramin popiilasyonu nisan-ocak aylar1 arasinda
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haftalik olarak, ocak-nisan aylar1 arasinda ise iki haftada bir
diizenli olarak takip edilmistir. Popiilasyon takibi yapilirken,
rastgele belirlenen 10 agagtan 5er yaprak, 1'er meyve ve ler
5-10 cm uzunlugunda ince dal 6rnekleri almmuistir. Yani
her orneklemede toplamda 50 yaprak 10 meyve ve 10 dal
tizerinden popiilasyon takibi yapilmistir. Alman o6rnekler
kese kagidinin igerisine konulup buz kutulari igerisinde
laboratuvara getirilmistir. Araziden alinan 6rneklerde yaprak
ve ince dallarin tim yiizey alani, meyvelerin tizerinde ise 1
cm?likalan belirlenmis olup alinan 6rneklerin ytizeylerindeki
bireyler Leica MZ 7.5 stereo binokiiler mikroskop altinda
sayilarak kayd: tutulmustur. Laboratuvara getirilen 6rnekler
tizerinde dogal diiyman varlig: tespit edilmeye ¢aligilmigtir.
Calisma boyunca iklim verileri Hobo marka cihazla diizenli
bir sekilde kaydedilmistir.

SONUCLAR VE TARTISMA

Phyllocoptruta oleivoranin Adanada turunggil bahgeleri
tizerindeki popiilasyon yogunlugunu belirlemek amaciyla
yapilan bu c¢alismada yaprak tizerinde bireyler ilk olarak
22.07.2013 tarihinde gozlemlenmistir (Sekil 1). Bu tarihten
sonra zararlinin yaprak iizerindeki popiilasyonu artmaya
baslamustir. Yaprak tizerinde zararlinin popiilasyonu agustos
aymin ilk haftasinda tepe noktasina ulagmistir. Bu tarihte
yaprak basina ortalama 53.24 adet birey sayilmigtir (Sekil
1). Ertesi hafta yapraktaki popiilasyonu 57.12 adete ulagmis
olup, bu rakam ¢aligma boyunca yaprakta sayilan en yiiksek
popiilasyon miktarini olusturmustur. Calismanin ilk yilinda,
popiilasyon miktarinda, kasim ayindan sonra 6nemli 6l¢iide
distisler meydana gelmistir. Son bireyler 20.01.2014 tarihinde
gozlemlenmistir. Bu tarihten sonra yaprak tizerindeki ilk
bireylere 05.05.2014 tarihinde rastlanilmistir. Caligmanin
ilk yilinda oldugu gibi ikinci yilinda da yaprak iizerindeki P,
oleivora popiilasyonu agustos ay1 igerisinde tepe noktasina
ulagmistir. Yaprak tizerinde ikinci yilin son bireyleri, ilk yilda
oldugu gibi ocak ayinda gozlemlenmistir. Sonrasinda ilk

bireylere nisan ayinin ikinci haftasinda rastlanilmistir.

Alinan meyve orneklerinde ilk bireyler, yaprak érneklerinde
oldugu gibi 22.07.2013 tarihinden itibaren gorilmeye
baslanmistir. Bu tarihte meyve tizerinde 1 cm?®lik alanda
yaklasik 85 akar sayilmistir (Sekil 1). Calismanin ilk yilinda
en yiiksek popiilasyon meyve iizerinde, 12.08.2013 tarihinde,
ortalama 127 akar olarak sayilmustir. Meyve {izerinde
son bireyler 18.11.2013 tarihinde goriilmistiir. Ikinci yil
icerisinde meyve tizerindeki ilk bireyler haziran ayinin ilk
haftasinda gozlemlenmistir ($ekil 1). Calisma boyunca en
yiiksek popiilasyon meyve iizerinde 18.08.2014 tarihinde
138 akar olarak sayilmistir. Ikinci yil meyve tizerindeki son
erginler aralik ayinda goriilmistiir. Ugiincii yil igerisinde ilk
bireyler 02.06.2015 tarihinde saptanmustir (Sekil 1).
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Dal iizerinde ilk bireylere yaprak ve meyve 6rneklerinde
oldugu gibi 22.07.2013 tarihinde rastlanimistir. Yaz ve
erken sonbahar aylarinda dal orneklerinde sayilan P
oleivora popiilasyonu disitk seviyelerde gozlemlenmistir.
Ancak kasim ayindan sonra dallarda sayilan Turunggil pas
boctiisti popiilasyonu artmaya baslamustir. Dal tizerinde P.
oleivoranin en yiiksek popiilasyonu 06.01.2014 tarihinde
72 akar olarak sayilmistir (§ekil 1). Mart ayindan sonra
alinan dal orneklerinde mayis ayina kadar P oleivora
gozlemlenmemistir. Caligmanin  ikinci yilinda da ilk
yilinda oldugu gibi haziran ayindan sonra dallarda sayilan
birey sayisinda onemli ol¢tide diisiisler gozlemlenmistir.
Calismanin 2014 yiim kapsayan kisminda, 2013 yilinda
oldugu gibi dal tizerinde kasim aymndan sonra popiilasyon
yogunlugunda artislar meydana gelmistir. Ayrica bu
yil igerisinde dallarda sayillan en vyiiksek popiilasyon
miktar1 aralik aymin tglincit haftasinda 61 akar olarak
gozlemlenmistir ($ekil 1). Calismanin 2015 yilinda mart
aymn tgiincti haftasindan sonra alinan dal 6rneklerinde
P. oleivora bireylerine rastlanilmamis olup bu durum nisan

aymin son haftasina kadar devam etmistir.

Silva et al. (2016), Brezilyada farkli anaglar tizerine agilanan
Valencia portakal agaglar1 tizerinde yaptiklari ¢aliymada, P
oleivora’nin en yiiksek popiilasyonunu 1 cm?lik alanda subat
ayinda ortalama 10 adet ergin birey olarak gézlemlemislerdir.
Belirtilen ¢alismada popiilasyon yogunlugunun disik
olmasinin sebebinin, kullanilan anaglarin farkli olmas: ve
bazi anaglarin zararliya karsi antibiyozis etki gostermesi,
belirtilen ¢aliymada deneme alaninda deltamethrin,
imidacloprid, mineral yag ve bitkisel yaglar gibi pestisitlerin
kullanilmas1 ve ¢alismanin farkli bolgelerde yiirtitiilmis

olmasindan kaynaklanabilecegi diisiintilmektedir.

Palevsky et al. (2003), Israilde P oleivora’y1 ve potansiyel
avcilarinin  popiilasyonunu  incelemiglerdir. Calismalarini
yurittiikleri deneme alaninda P oleivoranin baskin
avcilarinin  Ipheseius degenerans (Berlese) ve Amblyseius
swirskii Athias-Henriot (Acari: Phytoseiidae) oldugunu ve
bu predatérlerin ilkbahar ve kis aylarinda etkili olduklarini
belirtmiglerdir. Ayrica bu avcilarin diigitk yogunlukta etkili
birer avcr oldugunu gézlemlemislerdir. Israilde Warburg
et al. (2019)un vyurittikleri calijmada ise turuncgil
bahgelerinde P oleivoramin avcist olarak A. swirskii ve
Euseius stipulatus Athias-Henriot (Acari: Phytoseiidae)’un
bulundugunu bildirmislerdir. Yapilan g¢alismada da P
oleivoranin avcist olarak A. swirskii, E. stipulatus ve
Athias-Henriot Phytoseiidae)

tirleri saptanmustir. Tespit edilen Phytoseid akarlarin da

Euseius  scutalis (Acari:
Palevsky et al. (2003)’tin ¢alismasinda oldugu gibi yiiksek

P. oleivora popiilasyonlarinda birkag bireyden olusan diigiik
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Sekil 1. Phyllocoptruta oleivora’nin 2013-2015 yillar1 arasinda Adana (Balcali)’da bulunan portakal bahgesindeki popiilasyon

dalgalanmasi

popiilasyonlar olusturdugu gozlemlenmistir.

Quiros-Gonzales (2000), Venezuellada kurak kosullarda
Tahiti lime (Citrus latifolia)1 tizerinde akar popiilasyonunu
incelemistir. Yaptig1 c¢aliyma sonucunda P oleivoranin
galisma boyunca 3 tepe noktasi olusturdugunu ve bu
zararlinin popiilasyonunun kisitl yagislardan sonra arttigini,
ayrica zararlinin en yiiksek popiilasyonunun ortalama meyve
basina 24 adet oldugunu bildirmistir. Yapilan ¢alismanin ilk
yilinda da agustos ve eyliil ayindaki yagislarin P. oleivoranin
(Sekil  3).
Calismanin ikinci yilinda da haziran ve temmuz aylarindaki

popiilasyonunu  arttirdigi  gozlemlenmistir
yagislarin zararlinin popiilasyonunu arttirdigi saptanmigtur.
Ancak ikinci yilda mart aymnda yagan dolu yagslari ve
havanin ani digiigi zararlinin popiilasyonunu azaltmigtir.
Sonrasinda hava sicakliklarinin yiikselmesiyle birlikte

zararlinin popiilasyonu artmigtir.

Yapilan bu ¢alisgmada P oleivoranin kit ince dallarda

14

gozlerin altinda ge¢irdigi, sonrasinda zararlinin nisan-mayis
aylarinda agacin olgunlagmis yapraklarmin alt yiizeyinde
goruldiigi, bu noktalarda bronz lekeler olusturdugu ve
bunu takiben ise ortalama sicakligin 25 °C oldugu haziran
ayinda ceviz buyikligiine ulasmis meyvelerde goriilmeye
baslandig1 saptanmustir (Sekil 1, 2). Meyve popiilasyonu
ozellikle temmuz ve agustos aylarinda pik yapmis ve bunu
takiben ortalama sicakhigin 13-18 °C arasinda oldugu
kasim-aralik ayindan sonra popiilasyonu azalmistir (Sekil
3). Zararli daha sonra ortalama sicakligin 8-12 °C oldugu
aralik-ocak aylarinda kisa bir siire yaprakta gézlemlenmis ve
bunu takiben ince dallarda bulunan gozlerin altina girmistir.
Zararhnmn ilkbahar aylarinda yogun bir sekilde yaprakta
goriildiigii zaman diliminde siirekli yagan yagmurlardan
sonra popiilasyonun bir iki hafta goriilmedigi daha sonra
yavag yavas ortaya ¢iktig1 saptanmistir. Bunun tam tersi olarak
ta yazin yagan kisa yagislardan sonra popiilasyonun oldukga

arttigt saptanmigtir (Sekil 1, 3). Bu sonuglarin 1s1ginda
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Sekil 2. Nisan ayinda kiglama alani olan dallarin gozleri

arasinda bulunan Phyllocoptrata oleivora bireyleri
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Sekil 3. Adana Balcal'da Phyllocoptruta oleivora

popiilasyon takibinin yapildigi bahgede 2013 ve 2015 yillar1

arasindaki iklim verileri

Adanada P. oleivora’nin haziran-eyliil aylar1 arasinda yiiksek
popiilasyon olusturdugu gézlemlenmistir. Adananin sicaklik
ortalamasinin yiiksek olmasi ve turunggil bahgelerinin
deniz seviyesine yakin olmasi (10-40 m) nedeniyle nem
oraninin yiiksek olmasi zararlinin gelisimi igin uygun ortam
saglamakta ve gok dol vermesine imkan vermektedir. Yapilan
calisma sonucunda bu zararlinin avcilarinin A. swirskii, E.
scutalis ve E. stipulatus oldugu belirlenmis, fakat bunlarin
yiksek P. oleivora popiilasyonlarinda birkag bireyden olusan
diisitk popiilasyonlar olusturdugu saptanmigstir. Zararlinin
miicadelesine yonelik olarak, kig aylarini dallarda ve
govdede catlaklar igerisinde gegirmesi sebebiyle yapilacak
kis ilaglamast bu akarin popiilasyonunu diisiirmede etkili
olacaktir. Ileride zararlinin etkili dogal diismanlarinin
belirlenmesi ve zararlinin miicadelesine y6nelik ¢alismalarin

yapilmasi yararli olacaktir.
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TESEKKUR

Caligmalar sirasinda avcr akarlarin teghisini yapan Dr.
ismail DOKERE ve arazi calismalari sirasinda yardimlarini
esirgemeyen Ziraat Mithendisi Salih AYKURT’a tesekkiir

ederiz.

OZET

Turunggil pas boctsti, Phyllocoptruta oleivora (Acari:
Phyllocoptidae)
bir zararlisidir. Bu c¢alismada P oleivoranin popiilasyon
2013-2015
Universitesindeki (Balcali-Adana) bir portakal bahgesinde

turunggil meyve agaglarinin  Onemli

yogunlugu yilar1  arasinda  Cukurova
yuritilmistiir. Rastgele secilen 10 agagtan 10 yaprak, 1
meyve ve 1 ince dal érnegi toplanmistir. Ornekler nisan-
ocak aylar1 arasinda haftalik olarak alinirken ocak-nisan
aylar1 arasinda ise iki haftada bir alinmistir. Bu ¢alismanin
sonucunda ilk bireyler Temmuz ayinda gézlemlenmistir. P,
oleivora'nin yaprak tizerindeki en yiiksek popiilasyonu 57.25
adet olarak agustos ayinda sayllmistir. Yaprak tizerindeki
son bireyler her iki yilda ocak aymnda saptanmigtir. Bu
akarin meyve tizerindeki en yiiksek popiilasyonu agustos
aymda gozlemlenmistir. Meyve {izerindeki son bireyler her
iki y1l iginde kasim ve aralik ay1 arasinda sayilmigtir. Dal
tizerindeki en yiiksek popiilasyon 72.13 olarak ocak ayinin
ilk haftasinda gozlemlenmistir. P. oleivoranin dal tizerindeki
popiilasyonu mayis ayindan sonra azalmustir. Ayrica P
oleivoranin popiilasyonunun hafif yagish giinlerden sonra
artti81, ¢ok soguk ve yagish giinlerden sonra ise azaldig:
gozlemlenmistir. P oleivoranin kislama alani dallar olarak
gozlemlenmistir. Ayrica galisma sirasinda avci akar olarak
Amblyseius swirskii, Euseius scutalis ve E. stipulatus Athias-
Henriot (Acari: Phytoseiidae) tiirleri saptanmistir. Yiiksek
P. oleivora popiilasyonunda diigitk avcr akar popitilasyonu

gozlemlenmistir.

Anahtar kelimeler: Cukurova, dal, meyve, popiilasyon,

Turunggil pas boctisii, yaprak
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This study was carried out on distribution, density, host plant, and natural
enemies affecting its population fluctuation of Aleyrodes proletella L. (Hemiptera:
Aleyrodidae) on collard during the years of 2016-2017 in Diizce province in
Western Black Sea Region. Aleyrodes proletella was widespread in all districts of
Diizce province and the infestation rate was 84.3%. The highest infestation rates
were determined in Akgakoca (97.8%), Yigilca (93.3%), Giimiisova (88.9%),
Kaynasli (84.4%), Cumayeri (82.2%), Golyaka (80%), Cilimli (75.6%) and Central
(75%) districts, respectively. Hosts of A. proletella except collard was determined
that white cabbage (Brassica oleracea L. var. capitata) and Lapsana communis L.
subsp. intermedia (Bieb.) Hayek plant which is called as common nippleworth
belonging to the Asteraceae (Capparales) family. Parasitoid of A. proletella
was detected as Encarsia tricolor Forster (Hymenoptera: Aphelinidae), and
predators of A. proletella were found as Clitostethus arcuatus Rossi (Coleoptera:
Coccinellidae) and Chrysoperla carnea Stephens (Neuroptera: Chrysopidae).

INTRODUCTION

Vegetables in the Brassicaceae (Capparales) family are rich
in terms of nutrients and phytochemicals (glucosinolate,
isothiocyanate, indole compounds), and provides
normal levels of cholesterol and blood sugar levels in the
human body. They also have protective effects against
bone resorption, heart disease, and cancer. Due to these

properties, the importance of healthy nutrition is understood
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better every day as a result of researches (Vural et al. 2000).
Collard (Brassica oleracea L. var. acephala) is one of the oldest
forms of the family Brassicaceae (Nieuwhof 1969) and it’s
indispensable for healthy nutrition for many years due to its

rich nutritional values (Giinay 1984).

Western Black Sea Region is one of the important regions
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in Turkey in terms of winter vegetable production. Among
the cultivated winter vegetables, collard is one of the most
valuable vegetables for the region and approximately 53.000 da
areas were cultivated in 2017 and 66.000 tons were harvested
(TUIK 2018). In the region, 8.401 da parts corresponding to
roughly 15% of the cultivated areas are located. Collard plant
was grown in the 1.389 da area in Diizce province and 2.020
tons of products were obtained (TUIK 2018).

Aleyrodes proletella is among the pests which are very
difficult to control for farmers. The pest can give a large
number of progenies, have a wide host range and improve
resistance to insecticides in a short time (Byrne and Bellows
1991, Springate 2016). Besides, this pest is seen in the
temperate regions of the world (De Barro and Carver 1997)
and causes damage by sucking phloem sap directly, which
affects cabbage growth and yield. Indirect damage caused
by honeydew excretion contaminated with wax deposition
and remains of dead whitefly bodies. It is very important
because this provides the substrate for sooty mod fungi and
a sticky layer on the plant surface (Ramsey and Ellis 1996).
Aleyrodes proletella has not been determined as a virus
vector (Springate and Colvin 2012). Recently, A. proletella
has developed into one of the most important Brassica pests
in vegetable production in Europe, especially in Germany
(Saucke et al. 2011, Springate and Colvin 2012).

The origin of A. proletella called as cabbage whitefly is the
European continent. It is one of the main pests damaging
members of the Brassicaceae family in Turkey and European
countries (De Barro and Carver 1997, Evans 2008, Martin
et al. 2000, Mound and Halsey 1978, Springate 2016, Ulusoy
and Vatansever 1997).

In previous studies in Turkey, it was determined that A.
proletella was distributed in Central and North Anatolian
Regions (Alkan 1961). Ulusoy and Vatansever (1997)
reported that A. proletella was detected on cabbage,
cauliflower, and red cabbage for the first time in the Eastern
Mediterranean Region and their populations were not at a
significant level and suppressed by natural enemies which
exist in nature. Also, it has been noted that cabbage whitefly

is found in Eastern Mediterranean (Igel, Hatay, Adana) and
Western Mediterranean (Antalya, Burdur, Isparta), Aegean
(Mugla, Aydin), Marmara (Balikesir, Bursa), Central (Konya,
Karaman, Aksaray, Nigde, Kayseri, Sivas) and Eastern
Anatolian Regions (Malatya) (Ulusoy 2001). Finally, A.
proletella was determined in Usak, Manisa, Izmir (Ulusoy
et al. 2012a), Bartin and Kastamonu provinces (Ulusoy et al.
2012b). Only detection studies have been done related to A.
proletella until now, but there is not any study about damage

levels, prevalence, and parasitism rate in Turkey.

The study aimed to reveal distribution, hosts and natural
enemies affecting population fluctuation of A. proletella.
Also, this study will contribute to creating a management
program against A. proletella causing economic losses in

Diizce province in the Western Black Sea Region.

MATERIALS AND METHODS

This study was conducted in the 2016 and 2017 agricultural
growing season in Diizce province of Turkey. The samples
were periodically collected every 15 days in the collard
areas and its around other plants for the determined hosts
and natural enemies of the A. proletella. The geographical

information about sample sites was given in Table 1.

The survey was conducted in July-August determining for
distribution areas of A. proletella that density of A. proletella
populations was highly seen (Koca et al. 2017). Sample areas
where the distribution studies of A. proletella were given
Table 2. Eggs, larvae, pupae and pupae molts of the pest were
searched for all the leaves of 15 plants in each field. When a
biological period of the pest is found on one leaf of a plant,
the field is considered as infecting with whitefly. According
to the infestation in the surveyed fields, the infestation rates

(%) of each district were determined.

Besides, heavily infected leaves with the whiteflies were
collected from collard fields and they were brought to the
laboratory in the icebox. Since the whiteflies were diagnosed
from the pupae, the individuals of the pest in the pupae
period were removed from the leaves with a fine tip brush

and taken into the 70% alcohol. Preparations of samples

Table 1. The geographical information of the sample areas where the studies of Aleyrodes proletella L. are periodically

conducted

District Location Altitude Coordinates

Merkez Aziziye 145 m 40° 50’ 39.767174” N / 31° 7 44.929873” E
Merkez Aga 143 m 40° 50’ 41.398276” N / 31° 7° 41.400622” E
Cilimli Mahiraga 160 m 40° 52’ 47.002000” N / 31° 3’ 1.136904” E
Cilimli Topgular 148 m 40° 52 26.779871” N / 31° 3’ 4.386132” E
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Table 2. The geographical information of the sample areas where the distribution studies of Aleyrodes proletella L.

District Location Altitude (m) Coordinates

Merkez Aziziye 145 40° 50’ 39.767174” N / 31° 7° 44.929873” E
Merkez Aga 143 40° 50’ 41.398276” N / 31° 7 41.400622” E
Merkez Mergi¢ 139 40° 50’ 41.368704” N / 31° 7’ 7.309679” E
Merkez Gokge 178 40° 49’ 12.900415” N / 31° 12’ 16.092856” E
Golyaka Kiltar 145 40° 46> 57.048859” N / 30° 59° 44.612925” E
Golyaka Yesil 129 40° 46> 32.335354” N / 30° 59° 26.950981” E
Golyaka Yesilova 144 40° 46’ 25.084941” N / 30° 58’ 9.176810” E
Gilimiisova Caybiikii 126 40°51° 28.993069” N / 30° 58 28.855943” E
Giimiisova Selamlar 120 40°51° 31.870845” N / 30° 57° 42.512501” E
Gilimiisova Kiiltar 157 40° 51’ 55.575326” N / 30° 56” 34.972433” E
Cumayeri Orta 117 40° 52’ 24.280337” N / 30° 56” 43.740339” E
Cumayeri Yeniyaka 114 40° 52’ 57.400254” N / 30° 57> 27.104618” E
Cumayeri Asag1 Avlayan 159 40° 53’ 13.504572” N / 30° 58 30.058712” E
Cilimli Mahiraga 160 40° 52’ 47.002000” N / 31° 3’ 1.136904” E
Cilimli Topeular 148 40° 52’ 26.779871” N / 31° 3" 4.386132” E
Cilimli Yukar1 Karakoy 138 40° 52’ 50.046643” N / 31° 0’ 20.910253” E
Kaynash Simsir 242 40° 46’ 41.137056” N / 31° 16* 30.478622” E
Kaynash Merkez 298 40° 46’ 14.91188” N/ 31° 197 9.995560” E
Kaynash Sarigokek 289 40° 46’ 35.086546” N / 31° 19’ 3.543271” E
Yigilca Dutlar 291 40° 56° 41.737601” N / 31° 20° 36.343914” E
Yigilca Hosafoglu 312 40° 56’ 26.343448” N / 31° 22’ 46.815747” E
Yigilca Orhangazi 312 40°57° 43.832919” N / 31° 26’ 31.271681” E
Akgakoca Ayaz 26 41°5°22.661951” N / 31° 8’ 21.650823” E
Akgakoca Yeni 34 41° 4 59.933752” N/ 31° 7’ 27.119167” E
Akgakoca Dadali 124 41°3°42.474908” N / 31° 11’ 2.874786” E

stored in alcohol were carried out according to Bink (1979),
Diizgiines (1980) and Martin (1987). The larvae and pupae
of the whiteflies on the leaf samples were counted with a
stereoscopic microscope as parasitized or non-parasitized.
The leaves were taken into the parasitoid boxes after the

counts of the leaf samples were completed.

To determine the predators fed on the whiteflies, the plants
infected with whiteflies were firstly examined by the visual
inspection method after waiting for a few minutes around
the plants. The adults of the predators which observed to be
fed on whiteflies were collected. After that, the leaves were

removed from the other pests and the immature periods of
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the predators were taken into the culture boxes with their
prey in the laboratory.

RESULTS AND DISCUSSION

The host diversity of A. proletella comprised three species
in Diizce province. These species were determined as
Brassica oleracea var. capitata, Brassica oleracea var. acephala
(Brassicaceae) and Lapsana communis subsp. intermedia

(Asteraceae).

Mound and Halsey (1978) reported that hosts of A.
proletella were found as Impatiens parviflora, Bongardia

chrysogonum, Codonopsis clematidae, Ostrowskia magnifica,
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Acanthocephalus  benthamianus, ~Cephalorrhynchus

sp.»
Inula sp., Steptorhamphus crambifolium, Cichorium sp.,
Lactuca muralis, L. triangulata, Lapsana communis, Mutisia
acutifolium, Prenanthes purpurea, Sonchus arvensis, S.
oleraceus, Sonchus sp., Taraxacum officinale, Brassica
balearica, B. cretica, B. incana, B. macrocarpa, B. robertiana,
B. tinei, B. olaeracea, Cheiranthus sp., Lepidium latiolum,
Euphorbia peplus, Quercus robur, Vicia faba, Chelidonium
majus, Aquilegia montana, A. lactiflora, Thalictrum minus,

Linaria sp., Petroselinum sp. and Laser trilobus.

Brassica oleracea, Sonchus sp., Lactuca serriola, Euphorbia sp.,
E. peplus, and Cichorum intby were identified as hosts of A.
proletella in Turkey (Alkan 1961, Ulusoy 2001, Ulusoy and
Vatansever 1997).

In Diizce province, the farmers start to plant the collard
seedlings at the beginning of May and begin to harvest the
leaves from June. The harvest finishes with the cooling of
the weather in October. However, many farmers continue to
collect leaves of collard in winter because of withstanding to
winter conditions of these plants. In such cases, the cabbage
whitefly can hibernate on collard. These plants are removed
at the beginning of the spring season, especially at the end of
March-beginning of April, and new collard seedlings were
planted at the beginning of May depending on the climatic
conditions. In this period of soil preparation in the fields, it
was found that the adults of A. proletella migrated to Lapsana
communis plants around the collard fields and created a

population on these weeds.

Related to A. proletella in the past years in Turkey had only
detection studies, which it is reported in many provinces in
the Middle, North, and Eastern Anatolia, Mediterranean,
Aegean, Marmara and Black Sea Regions (Alkan 1961,
Ulusoy 2001, Ulusoy and Vatansever 1997, Ulusoy et al.
2012a, Ulusoy et al. 2012b, Ulgentiirk and Ulusoy 1999).
However, studies were not conducted to determine the
distribution and density of the pests in these provinces. In
this study, A. proletella was detected in Diizce province in the
Western Black Sea Region and determined the infestation
rates of whiteflies in all districts.

Table 3 showed that A. proletella was spread throughout in
whole of Diizce province and the infestation rate of whitefly
was 84.3%. Aleyrodes proletella has the highest infestation
rate in Akgakoca with 97.8% followed by Yigilca with 93.3%.
On the contrary, the least infestation rates were determined
in Central with 75% and Cilimli with 75.6%.

The natural enemies of cabbage whitefly were found in this
study. Encarsia tricolor Forster (Hymenoptera: Aphelinidae)

known as a larval parasitoid of whiteflies was identified as
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the natural enemies of A. proletella in the collard areas. The
morphological identification of E. tricolor was performed
by Dr. Andrew POLASZEK (International Institute of
Entomology, The Natural History Museum, London, UK).
The distribution areas of this parasitoid have been reported
as Belgium, Canary Islands, Czech Republic, France,
Germany, Greece, Hungary, Italy, the Netherlands, Portugal,
Russia, Serbia, Spain, Sweden, Ukraine, United States of
America and the United Kingdom in the world (Anonymous
2017). In our country, this parasitoid was firstly identified
by Ulusoy (1999) on the Aleyrodes lonicerae (Walker) fed
on Sonchus spp. in the Mediterranean Region. In this study,
the parasitoid E. tricolor was detected on A. proletella fed on
Brassica oleracea var. acephala. When the previous studies
were examined on the activities of Encarsia species, it was
seen that 70-80% of A. proletella was parasitized by E. inaron,
45-60% of Trialeurodes vaporariorum Westwood (Hemiptera:
Aleyrodidae) was parasitized by Encarsia spp. (Ulusoy and
Vatansever 1997). Further, in a conducted study in California
by Dreistadt and Flint (1995), it was reported that the amount
of Siphoninus phillyreae Haliday (Hemiptera: Aleyrodidae)
on the leaves was 98% before E. inaron was placed in the area.
After that, when the parasitoids placement in the area, the
density of whiteflies decreased to less than 1%. Koca et al.
(2018) found that the natural parasitism rate of E. tricolor on
A. proletella reached up to 80%. Lodos (1986) reported that
there was no need to use chemicals in control of A. proletella
and these parasitoids kept to the pests under the control.
Similarly, Manzari et al. (2002) referred that Encarsia genus
has been very effective in biological control, especially on

whiteflies.

Clitostethus arcuatus Rossi (Coleoptera: Coccinellidae) and
Chrysoperla carnea Stephens (Neuroptera: Chrysopidae)
were determined as the predators of A. proletella on collard
in this study. The distribution areas of C. arcuatus have
been reported as Albania, Austria, Belgium, Bosnia and
Herzegovina, England, Bulgaria, Canary Islands, Croatia,
Czech Republic, France, Germany, Greece, Hungary, Italy,
Luxembourg, Malta, Poland, Portugal, Romania, San Marino,
Sicily, Slovakia, Russia, Spain, Switzerland, the Netherlands,
Ukraine and Yugoslavia in the world (Fauna Europaea 2017).
It was reported that this predator species is located in the
Eastern Mediterranean Region, Mediterranean Region and
Eastern Anatolia Region in our country (Goziiagik et al.
2012, Soylu 1980, Soylu and Urel 1977). Both larvae and
adults of C. arcuatus are fed on larvae and pupae of whiteflies.
Paratetranychus citri, Brevipalpus levisi, Dialeurodes citri, A.
proletella, Aleurothrixus floccosus, A. racgiphora, A. floccosus,
A. lonicera, Bemicia tabaci, B. hancocki, Parabemisia myricae,

Paraleyrodes minei, Siphoninus phillyrae, and Trialeurodes
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Table 3. Infestation rates of Aleyrodes proletella L. on collard in Diizce province, Turkey in 2017

. Average

District Location Number of Plant Infected Infestation Infestation Rate

Checked Plant Rate (%) %)
Merkez Aziziye 15 6 40%
Merkez Aga 15 15 100%

75%

Merkez Mergig 15 12 80%
Merkez Gokee 15 12 80%
Golyaka Kiiltiir 15 11 73.3%
Golyaka Yesil 15 14 93.3% 80%
Golyaka Yesilova 15 11 73.3%
Giimiisova Caybiiki 15 13 86.7%
Gilimiisova Selamlar 15 12 80% 88.9%
Gumiisova Kiltiir 15 15 100%
Cumayeri Orta 15 12 80%
Cumayeri Yeniyaka 15 11 73.3% 82.2%
Cumayeri Asag1 Avlayan 15 14 93.3%
Cilimli Mahiraga 15 12 80%
Cilimli Topgular 15 10 66.7% 75.6%
Cilimli Yukar: Karakéy 15 12 80%
Kaynash Simsir 15 12 80%
Kaynash Merkez 15 12 80% 84.4%
Kaynash Sarigokek 15 14 93.3%
Yigilca Dutlar 15 14 93.3%
Yigilca Hogsafoglu 15 13 86.7% 93.3%
Yigilca Orhangazi 15 15 100%
Akgakoca Ayaz 15 15 100%
Akgakoca Yeni 15 15 100% 97.8%
Akeakoca Dadali 15 14 93.3%
TOTAL 375 316 84.3%

vaporariorum have been reported as hosts of this predator
(Soylu and Urel 1977, Ulusoy and Ulgentiirk 2003, Ulusoy
and Vatansever 1997). Regarding the efficacy of predator,
Bathon and Pietrzik (1986) reported that C. arcuatus was
able to consume roughly 550 A. proletella eggs during
larval development and it was an effective predator of A.
proletella. Chrysoperla carnea has been reported to be a
polyphagous predator fed with aphids, whiteflies, armored
scale insects, some lepidopterous eggs and larvae, thrips,

psyllids, chrysomelid larvae and some mite species (Kaya
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and Onciier 1988). Chrysoperla Staeinman species are widely
seen in different agro-ecosystems in many parts of the world
(Ridgway and Jones 1968, Stark and Whitford 1987). It was
reported that this predator insect is fed on Acaudaleyrodes
citri, A.
floccosus, A. lonicerae, A. proletella, B. tabaci, Dialeurolobus

rachiphora, Aleurobolus olivinus, Aleurothrixus

pulcher, Dialeurodes citri, S. phillyreae, T. vaporariorum,
Parabemisia myricae, and Paraleyrodes minei (Telli and Yigit
2012, Ulusoy and Ulgentﬁrk 2003, Ulusoy et al. 1996, Zia et
al. 2008).
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As a result of the study; considering today’s agricultural
conditions, organic agriculture is becoming increasingly
important and preferred. So, it should be avoided as much
as possible from chemical treatments in terms of damages to
humans and the environment in which vegetables consumed
directly in leaves such as collards. For this reason, native
natural enemies must be supported to achieve the natural
balance already existing in nature. Although A. proletella
may be a potential pest for the collards, the plants should
be inspected at certain intervals from the beginning of the
cultivation period. To reduce the populations of this potential
pest, it is thought that the support of natural enemies will
suppress the pest, as well as preserving the natural balance.
If chemical control is needed, it must be considered that an
appropriate decision should be made for the application of
the pesticides according to the situation of natural enemies
and the harvest period of the plants. Also, it is predicted
that the pest population will have a significant decrease in
the next growing season with the control against Lapsana
communis, which is a weed host of cabbage whitefly, at the

end of the growing season of the collard.
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OZET
Bati Karadeniz Bolgesinde yer alan Diizce ilinde
karayaprak lahanasi {izerinde 2016-2017 yillarinda

ylriitillen bu galigmada Aleyrodes proletella L. (Hemiptera:
Aleyrodidae)nin yayilis alanlari, yogunluklari, konukgular:
ve popiilasyonlarina etki eden dogal diismanlari ortaya
konulmustur. Bu amagla Diizce ilinin tim ilgelerinde
belirlenen karayaprak lahanasi alanlarindan belirli tarihlerde
orneklemeler yapilmistir. Calisma sonucunda A. proletellanin
Diizce ilinin tiim ilgelerinde yayginlik gosterdigi belirlenmis
olup, Diizce ilinin bulasiklik oran1 %84.3tiir. {lgeler bazinda
ise en yiiksek bulagiklik oranina gore Akgakoca (%97.8),
Yigilca (%93.3), Gimiisova (%88.9), Kaynash (%84.4),
Cumayeri (%82.2), Golyaka (%80), Cilimli (%75.6) ve

22

Merkez (%75) seklinde siralandig: tespit edilmistir. Aleyrodes
proletellanin  karayaprak lahanasi disgindaki konukgular:
olarak ise beyaz lahana (Brassica oleracea L. var. capitata)
ve Asteraceae (Capparales) familyasina bagl tavsan
salatasi, sebrek ve meme otu gibi isimlerle bilinen Lapsana
communis L. subsp. intermedia (Bieb.) Hayek bitkisi oldugu
belirlenmistir. Aleyrodes proletellanin dogal diigmanlari
olarak parazitoit Encarsia tricolor Forster (Hymenoptera:
Aphelinidae), predatorler ise Clitostethus arcuatus Rossi
(Coleoptera: Coccinellidae) ve Chrysoperla carnea Stephens

(Neuroptera: Chrysopidae) olarak tespit edilmistir.

Anahtar kelimeler: Aleyrodes proletella, dogal disman,

Diizce, konukeu, lahana beyazsinegi, yayilis
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Root-knot nematodes (Meloidogyne spp.) cause serious damage by forming galls
on the roots of the many vegetables host plants including carrots. In this study,
the reactions of three different carrot varieties that are commercially used in the
Central Anatolia region were evaluated against four different types of root-knot
nematodes in a growth chamber pot trial in 2018. Based on the observation of
root galling and the egg-mass numbers, Romance, Chantenay and Nantes carrot
varieties were considered susceptible to Meloidogyne chitwoodi, M. javanica, M.
incognita and M. hapla. There were differences in egg-mass and gall numbers
among all carrot varieties for both M. chitwoodi and M. incognita (P>0.05). M.
javanica reproduced the highest number of 234.4 egg masses and gall numbers
on Nantes variety respectively. On the other hand, M. hapla reproduced 193.6
egg masses and galling on Nantes variety. From the carrot variety point of view,
no differences detected between the nematode types on Chantenay. However
on Nantes variety M. javanica (234.4), M. hapla (193.6) and on Romance M.
javanica (207.8), M. hapla (176.4) and M. chitwoodi (141.6) were categorized
in the same group. As a result of the study, it was concluded that Romance,
Chantenay and Nantes carrot varieties are sensitive to root-knot nematodes.

Because of this, these varieties should be used carefully in contaminated areas.

GIRIS

Anayurdu Orta Asya ve Yakin Dogu olan havug (Daucus
carota L.) bitkisi Apiaceae familyasina bagl olup, tohumla
tiretimi yapilan iki yillik bir sebze tiiriidiir. Uretimi diinya
tizerinde genis alanlara yayilmistir ve ¢ig ya da pismis olarak
tilketilmektedir (Widmer et al. 1999). Tirkiye diinyada
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havug iiretiminde 9. siradadir. Ulkemizde 123.478 da alanda
642.837 ton havug tiretimi gerceklestirilmis olup bu {iretim
sebze tretimimizin %2.1’lik kismini olusturmaktadir (FAO
2017, TUIK 2018). Uretilen havug daha ¢ok i¢ pazarda taze
olarak tiiketilmekte ya da yemeklerde degerlendirilmektedir.
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2013 yilinda 52.517 ton havug ihracati gergeklestirilmis
olup, bu deger Tiirkiye sebze ihracatinin yaklasik %4tini
olugturmaktadir (Yanmaz et al. 2015).

Diinya genelinde tarimsal tiretimde, 6nemli toprak kokenli
patojenler arasinda yer alan bitki paraziti nematodlardan
kaynaklanan yillik kaybin yaklagik 118 milyar ABD dolar1
oldugu tahmin edilmektedir (Atkinson et al. 2012). Diinyada
havug tiretiminde Pratylenchus, Meloidogyne, Longidorus,
Paratylenchus, Paratrichodorus, Belonolaimus, Rotylenchus ve
Ditylenchus dahil olmak tizere, farkli cinslerden 90dan fazla
bitki paraziti nematod tiiriiniin zarar yaptig1 belirlenmistir
(Davis and Raid 2002). Kok-ur nematodlarindan 6zellikle
Meloidogyne chitwodi ve M. hapla ile yine 6nemli bir grup
olan kist nematodlarindan ise Heterodera carotae havugta
ekonomik anlamda zarar olusturan en Onemli tirlerdir
(Colombo and Buonocore 2001). Kok-ur nematodlar:
diinyada havucun en 6nemli toprak kokenli patojenlerinden
biri olup pazarlanabilir koklerin hem miktarini hem de
kalitesini diigiirmektedir (Gugino et al. 2006). Havugta M.
hapladan kaynaklanan verim kaybinin ¢imlenme sirasinda
ylizde 14.9, verimde yiizde 50.9 oldugu tespit edilmistir
(Sivakumar and Sivagami 1994). M. javanica, M. incognita
ve M. arenariada dahil olmak {izere Meloidogyne tiirleri
genellikle sicak iklime sahip havug tiretim alanlarinda sorun
olurken; M. hapla, M. chitwoodi ve M. fallax soguk iklime
sahip alanlarda zarar olusturmaktadir (Huang et al. 1986,
Roberts et al. 1988, Vrain 1982, Wesemael and Moens 2008).

Kok-ur nematodlar1 ile miicadelede kiiltiirel onlemler,

solarizasyon,  dayanikli  ¢esitler =~ ve  kimyasallar

1994). Kok-ur

nematodlarinin miicadelesinde nematisitler yogun olarak

kullanilmaktadir  (Zuckerman et al.
kullanilmalarina karsin yiiksek toksik etkiye sahip olmalari,
gevre ve insan sagligina olan olumsuz etkileri nedeniyle
kullanimlar1 her gegen giin daha da smirlandirilmaktadir.
Son yillarda nematisit 6zelligi olan ¢ok sayida aktif madde
bu olumsuzluklar nedeniyle kullanimdan kaldirilmistir
(Taba et al. 2008). Tiim bu nedenlerden dolayr nematodlar
ile miicadele etmek i¢in kimyasal miicadeleye alternatif,
gevre dostu giivenli ve etkili kontrol yontemlerine ihtiya¢
duyulmaktadir (Noling and Becker 1994). Bu yontemler
igerisinde dayanikli  gesitlerin  kullanim: nematodun
iremesini tamamen engellemesi veya ok az diizeyde tutmasi,
ekonomik olmasi ve gevreye zararli olmamasi nedeniyle 6n
plana ¢ikmaktadir (Ansari et al. 2018, Boerma and Hussey
1992, Lopez Perez et al. 2006, Mukhtar et al. 2013). Bu
calismada I¢ Anadolu Bélgesinde ticari olarak yetistiriciligi
yapilan ii¢ havug ¢esidinin kontrollii iklim odasi kosullarinda
M. chitwoodi, M. javanica, M. incognita ve M. hapla’ya karsi

reaksiyonlarinin belirlenmesi amaglanmustir.
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MATERYAL VE METOT
Materyal

Caligma iklim odasi kogullarinda yiratilmis olup, ana
materyallerini Meloidogyne chitwoodi, M. javanica, M.
incognita ve M. hapla popiilasyonlarina ait saf kiilttirler, ticari
havug cesitlerine ait tohumlar ile saf kiiltiirlerin devaminin

saglandig1 domates bitkileri olusturmustur.
Havug fidelerinin yetistirilmesi

Her bir havu¢ cesidine ait tohumlar ekilmeden once
yuzeysel dezenfeksiyon amaciyla %3’lik NaOCI (sodyum
hipoklorit)de 1 dk. tutulup steril suyla yikanmis ve kurutma
kagidi tzerinde kurutulmugtur. Daha sonra torf igeren
viyollere ekilmis ve 25+2 °C sicaklikta 14 saat aydinlik 10 saat
karanlik olarak ayarlanan iklim odalarina yerlestirilmigtir.
2-3 yaprakli hale gelen havug bitkileri i¢erisinde steril toprak
kum karigimi (2:1) bulunan saksilara (760 ml, 10x10x11 cm)
her saksida 5 fide olacak sekilde sasirtilmistir.

Kok-ur nematodu tiirlerinin ikinci doénem larvalarmmin elde

edilmesi ve havug fidelerine inokulasyonu

Caligmada, Zirai Miicadele Merkez Aragtirma Enstitlisii
Miudiirliigii (Ankara) Nematoloji laboratuvarinda bulunan ve
daha 6nce teshisleri yapilmis olan M. chitwoodi, M. incognita,
M. hapla ve M. javanica saf kiiltirleri kullanilmigtir. Kok-
ur nematodlarina ait seri kiltiirlerin bulundugu duyarl
domates bitkileri (Tueza F,) hasat edilmis ve akan su altinda
kokleri dikkatlice yikanmigtir. Yikanan kokler 1-2 cm
boyunda kesilerek i¢inde 200 ml %0.5’lik sodyum hipoklorit
(NaOCl) soliisyonu bulunan 1 litrelik kavanozda 3 dk. stire
ile calkalanmistir. Daha sonra soliisyon 200 mesh ve 500
mesh'lik eleklerden gegirilmis ve altta kalan 500 mesh’lik
elek iizerindeki yumurtalar piset kullanilarak behere
almmustir (Hussey and Barker 1973). Elde edilen nematod
yumurtalari inkiibasyona birakilmis ve yumurtalardan ¢ikan
J2’ler toplanmis, mikroskop altinda sayimlar1 yapilmuistir.
Inkiibasyonu takip eden ilk 24 saatte elde edilen larvalar
elimine edilmistir. Daha sonra M. chitwoodi, M. javanica,
M. incognita ve M. hapla saf kiltiirlerinden elde edilen
nematod siispansiyonu ayr1 ayri toprakta acilan deliklere
mikropipet yardimiyla toplamda 1200 J2 olacak sekilde
inokule edilmistir. Saksilar 25+2 °Cde 14 saat aydinlik 10
saat karanlik olarak ayarlanan iklim odalarina yerlestirilmis
ve diizenli olarak sulanmig ve giibrelenmistir. Denemeler her

bir ¢esitte her bir tiir icin 5 tekerriirlii olarak kurulmustur.
Deneme sonuglarimn degerlendirilmesi

Havug bitkilerine yapilan inokulasyondan 60 giin sonra
bitki sokiimleri yapilmis ve kokler akan su altinda dikkatli
bir sekilde yikanmigtir. Kokler, Phloxine B (0.15 g/l su)
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soliisyonunda 15-20 dk. bekletilmis ve bu siirenin sonunda
akan su altinda yikanarak yumurta paketleri sayilmistir
(Daykin and Hussey 1985). Havug koklerindeki urlanmalar
ve yumurta paketleri Hartman and Sasser (1985) tarafindan
bildirilen 0-5 skalasina gore degerlendirilmistir (Cizelge 1).
Elde edilen veriler ile varyans analizi yapilmis ve buna ek
olarak muameleler arasi farkliliklar Tukey ¢oklu karsilagtirma
testi ile analiz edilmistir. Tiim istatistiki analizler MINITAB
16 paket programi kullanilarak yapilmistir.

Cizelge 1. Meloidogyne spp. yumurta paketi ve ur sayist
skalasi (Hartman and Sasser 1985)

Koklerde yumurta paketi ve urlanma

0=
gozlenmemistir.
1= 1-2 yumurta paketi veya ur olusumu
2= 3-10 yumurta paketi veya ur olusumu
3= 11-30 yumurta paketi veya ur olusumu
4= 31-100 yumurta paketi veya ur olusumu
5 100den fazla yumurta paketi veya ur
N olusumu
SONUCLAR VE TARTISMA

Calisma sonucunda M. chitwoodi, M. javanica, M. incognita
ve M. hapla ile inokule edilen Nantes, Romance ve Chantenay
gesitlerinin tigiinde de 100den fazla yumurta paketi veya ur
olusumu goézlenmis ve skala degerine gore kok ur nematodu

tiirlerinin hepsine karst hassas bulunmugtur (Cizelge 2).

Hasat edilen havug kokleri incelendiginde nematod
enfeksiyonu sonucunda bitkilerin koklerinde yogun ur
olusumunun yani sira sagaklanma, kiigiitk yumru olusumu,
yumrularda c¢atallanma ve sekil bozuklugu goérilmistiir

(Sekil 1)

Yapilan degerlendirmeler sonucunda Nantes, Romance
ve Chantenay cesitlerinin M. chitwoodi, M. javanica, M.
incognita ve M. hapla’ya gosterdikleri reaksiyonlar agisindan
en yiiksek skala degerini aldiklari goriilmistiir. Olusan
yumurta paketi ve ur sayilarina gore M. javanica ve M. hapla
tiirleri agisindan gesitler arasinda fark belirlenirken (P<0.05),
M. chitwoodi ve M. incognita tiirleri igin gesitler arasinda fark
tespit edilmemistir (P>0.05). M. javanica tiriiniin 234.4 adet
yumurta paketi ve gal ile en fazla Nantes ¢esidinde; M. hapla
tiriintin ise 193.6 adet ile en fazla Nantes ¢esidinde ¢ogaldig:
belirlenmistir (P<0.05). Cesitler agisindan ise Chantenay
cesidinde M. chitwoodi, M. javanica, M. incognita ve M. hapla
sirasiyla 134.2, 137.4, 106.0, 144.2 adet yumurta paketi ve gal
olusturmus, ancak tiirler arasinda fark tespit edilmemistir
(P>0.05). Nantes ¢esidinde M. javanica (234.4 adet) ve M.
hapla (193.6 adet); Romance ¢esidinde ise M. javanica (207.8
adet), M. hapla (176.4 adet) ve M. chitwoodi (141.6 adet)
tiirleri ayn1 grupta yer almigtir (P<0.05).

Havugta kok-ur nematodlarindan kaynaklanan zarar
sonucunda bircok iilkede verimde ciddi sekilde dusiis
gortilmektedir (Simon et al. 2000). Kok-ur nematodlar1
havuglarin ana koklerinde deformasyon, catallanma,
tiylenme, kiigik yumru olusumu gibi kalite zararmin
yani sira onemli verim kayiplarina da neden olmaktadir
(Gugino et al. 2006, Roberts 1987, Vrain 1982, Wesemael
and Moens 2008, Widmer et al. 1999). M. hapla ile bulagik
alanlarda yetisen havuglarin sadece %57’sinin pazarda

kullanima uygun oldugu bildirilmistir (Slinger and Bird

Cizelge 2. Kok ur nematodu tiirlerinin havug gesitlerinde olusturdugu ur ve yumurta paketi sayilar:

Havug Cesitleri
Nantes Romance Chantenay
(Mean+SE") (Mean+SE'") (Mean=SE'")
M. chitwoodi 159.0+9.20 Abc2  141.6+22.88 Aab  134.2+14.86 Aa  F=0.59, sd=2.14 P>0.05
M. hapla 193.6+16.22 Aab  176.40+9.02 Bab  137.4+13.98Ba F=4.61 sd=2.14 P<0.05
M. incognita 129.0+23.81 Ac 115.2+22.07 Ab 106.0+19.25 Aa  F=0.28, sd=2.14 P>0.05

M. javanica 234.4+7.11 Aa 207.8+19.14 Aa 144.2+18.16 Ba F=8.62 sd=2.14 P<0.05
F=8.54Sd=3.19 F=4.48Sd=3.19 F=1.01Sd=3.19
P<0.05 P<0.05 P>0.05

! Standart hata

2 Ortalamalari takip eden bityiik harfler satirlar arasi, kiigiik harfler siitunlar aras: farki géstermektedir (P<0.05, Tukey testi)
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Sekil 1. Phloxine B ile boyanmis kok-ur nematodu (Meloidogyne spp.) ile enfekteli havug bitkileri

1977). Buna karsin iilkemizde havug ¢esitlerinin kok-ur
nematodlarina gosterdikleri reaksiyonlar ile ilgili daha
once yapimis bir ¢alijma bulunmamaktadir. Literatiir
ile yapilan karsilastirmalarda Romance ¢esidinin kok-ur
nematoduna gostermis oldugu tepki ile ilgili bir ¢alismaya
rastlanllmamigtir. Ancak bu ¢alismada denemeye alinan
gesitlerden Nantes ve Chantenay cesitlerine ait literatiir
sonugclarmin bu ¢alismada elde edilen sonuglar ile paralellik
gosterdigi gortilmistiir (Huang et al. 1986, Nordalyn 2012,
Rodriques 2017, Yarger et al. 1981). Giiney Afrikada 10 havug
¢esidinin M. incognita 1rk 2 ve M. javanica’ya reaksiyonlarina
bakilmis ve gesitlerin hepsi duyarli bulunmustur (Steyn
et al. 2014). Huang et al. (1986), tarla ve serada yiiriittiigii
¢alismada Nantes gesidinin M. chitwoodi’ye hassas oldugunu
bildirmistir. Bel¢ikada yapilan bir ¢alismada ise 19 havug
cesidi M. chitwoodi’ye karsi testlenmis ve tim cesitlerde
yumurta paketi tespit edilmesine karsin, Berlanda, Bolero,
Chantenay, Nantucket ve Parmex gesitlerine ait bitkilerin
%80den fazlasinda gogalma tespit edilmedigi bildirilmistir.
Ayricatarla denemesisonucunda 139 giin sonunda havuglarin
%11.5'nin zarar gordiigii ve M. chitwoodi ile bulagik alanlarda
havu¢ iretiminden kaginilmasi gerektigi belirtilmistir
(Wesemael and Moens 2008). Brezilya havug alanlarinda
yuriitiillen bagka bir calismada ise Kuronan, Nantes, Brezilya
Agrocino ve Brezilya CNPH Kkiiltiirleri denemeye alinmus,
tarlada Brezilya-CNPH, Brezilya-Agrocinco ve Nantes;
sera kosullarinda ise Brezila-CNPH, Brezilya-Agrocinco ve
Kuronan denenmistir. Sera denemeleri sonucunda Kuronan,
Brezilya Agrocino ve Brezilya CNPH M. incognita, M.
incognita + M. javanica’ya karst hassas reaksiyon gosterirken,
M. enterolobii’ye kars1 ise dayanikli reaksiyon géstermistir.
Tarla kosullarinda ise sadece Nantes ¢esidi M. incognita ve
M. incognita + M. javanica’ya kars1 hassas bulunurken diger
ikisi dayanikli bulunmustur (Rodriques 2017). Yapilan bir
calismada Chantenay ¢esidinin ise M. incognita’ya kars1 orta

seviyede hassas oldugu bildirilmistir (Nordalyn 2012).
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Nematisitler ve kiiltiirel 6nlemler kok-ur nematoduyla
bulagik alanlarda havu¢ tretimi agisindan en Onemli
miicadele yontemleridir (Roberts et al. 1988). Dikim
oncesi toprak fumigasyonu bircok alanda standart
miicadele yontemi olarak 6nerilmesine karsin son yillarda
1,3-dichloropropene gibi bir¢ok onemli toprak fumiganti
kullanimdan kaldirilmistir. Benzer durum birgok nematisit
icinde gecerli olmaktadir. Kok-ur nematodlarinin genis
konuk¢u dagilimma sahip olmalar1 {riin rotasyonu
uygulamasinda sikintilara yol agmaktadir. Havug ekim
ve hasat tarihlerinin nematodun toprakta aktif oldugu
dénemlerden kaginilmasi da bir diger miicadele aracidir
(Roberts 1987). Dayanikli havug ¢esitlerinin kullanimi en
efektif miicadele araci olarak goriilmektedir. Ancak diinyada
yaygin olarak kullanilan ticari havug gesitlerinin genel olarak
kok-ur nematodlarina hassas oldugu bildirilmistir (Gugino
et al. 2006, Simon et al. 2000). Buna karsin M. incognita ve
M. javanica’ya karst dayanikli havug kaynaklar: bildirilmistir
(Boiteux et al. 2000, Simon et al. 2000). Ayrica test edilen bazi
genotip ve ¢esitlerde M. hapla ve M. chitwoodi tiirlerine karsi
da dayanikli bulunmugtur (Belair 1984, Santo et al. 1988,

Wesemael and Moens 2008, Vrain and Baker 1980).

Ulkemizde havug ekim alanlarinda yiiriitiilmiis kapsamli
nematolojik ¢aligmalar bulunmamaktadir. Bu nedenle
havug ekim alanlardaki kok-ur nematodlarinin bulagiklik
durumu tam olarak bilinmemektedir. Ozellikle kok-ur
nematodlarinin yaygin olarak bulundugu bolgelerde iireticiye
saglikli Onerilerde bulunulabilmesi i¢in daha kapsaml
sera ve tarla denemelerine ihtiya¢ vardir. Bu ¢alismada ele
alinan ve Ig¢ Anadolu Bolgesi'nde ticari olarak yetistiriciligi
yapilan ii¢ havug ¢esidinin de kok-ur nematodlarina karsi
hassas bulunmasi nedeniyle s6z konusu etmenlerle bulasik
alanlarda bu cesitlerin kullaniminda dikkatli olunmasi
gerektigi diigiiniilmektedir.
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OZET

Kok-ur nematodlarmin diger sebzelerde oldugu gibi
havug bitkisinde de 6nemli verim kayiplarina yol agtigi
bilinmektedir. Bu ¢alismada I¢ Anadolu Bolgesinde ticari
olarak yaygin sekilde kullanilan ii¢ farkli havug¢ ¢esidinin
dort farkli kok-ur nematodu tiiriine karst reaksiyon
durumlar1 2018 yilinda iklim odasinda saksi denemeleri
ile degerlendirilmistir. Koklerde olusan ur ve yumurta
paketi sayilarina gore Romance, Chantenay, Nantes ¢esitleri
Meloidogyne chitwoodi, M. javanica, M. incognita ve M.
hapla’ya karsi hassas bulunmustur. Meydana getirdikleri
yumurta paketi ve gal sayilarina gore M. chitwoodi ve M.
incognita tirlerinde, gesitler arasinda fark tespit edilmemistir
(P>0.05). M. javanica tiriiniin 234.4 adet yumurta paketi
ve gal ile en fazla Nantes ¢esidinde; M. hapla'nin ise 193.6
adet ile en fazla Nantes ¢esidinde ¢ogaldigi belirlenmistir
(P<0.05). Cesitler agisindan ise Chantenay ¢esidinde tiirler
arasinda fark tespit edilmemis olup (P>0.05), Nantes
cesidinde M. javanica (234.4) ve M. hapla (193.6), Romance
cesidinde ise M. javanica (207.8), M. hapla (176.4) ve M.
chitwoodi (141.6) tiirleri ayn1 grupta yer almustir (P<0.05).
Calisma sonucunda Romance, Chantenay ve Nantes havug
gesitlerinin kok-ur nematodlarina hassas oldugu ve bulagik
alanlarda bu ¢esitlerin kullaniminda dikkatli olunmasi

gerektigi sonucuna ulagilmigtir.

Anahtar kelimeler: kok-ur nematodu, Meloidogyne, havug,

¢esit reaksiyonu
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This study was conducted in the province of Erzincan where viticulture was
intensively conducted Central and Uziimlii districts and towns and villages in
the vineyards of these districts were made to detect phytoplasma diseases and
potential vector insect species in 2013-2016. For this purpose, surveys were
carried out regularly (once a month), samples were taken from suspected
phytoplasma diseases and their locations were marked with GPS. The collected
samples were identified by molecular methods, the state of the vineyards of
Erzincan province in terms of phytoplasma pathogens (Bois noir and Flavescence
doree) were determined and vector species were also identified. At the end of this
study Bois noir that phytoplasma disease and the potential vectors of this disease
Laodelphax striatellus (Fallen, 1826) (Hemiptera: Delphacidae), Empoasca
sp., Euscelis incisus (Kirschbaum, 1868) and Psammotettix sp. (Hemiptera:

Cicadellidae) species were identified.

GIRIS

Bagcilik, Tiirkiye ekonomisinde ayr1 6neme sahip tarimsal
faaliyetlerden biridir. Ozellikle, diger tarimsal iiriinlerin
yetistirilmesine ~uygun olmayan tarim alanlarinin
degerlendirilmesine olanak tanidigi igin ayr1 bir 6neme
sahiptir. Diinyada bagcilik igin en elverigli iklim kusaginda

yer alan {ilkemiz, zengin asma gen potansiyelinin yani sira,
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ok eski bir bagcilik kiiltiiriine de sahiptir.

Ulkemizde 4.170.410 da alanda bagcilik yapilmakta, bu
alanlardan da 3.933.000 ton tuzim elde edilmektedir.
Kuzeydogu Anadolu bolgesinde yer alan ve bagcilik
potansiyeli yiiksek olan Erzincan ilinde ise 9.533 da alanda
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4.369 ton tiziim tiretilmektedir (Anonim 2018).

Birgok tiriinde oldugu gibi asma iretiminde de fiiriin
miktarini  sinirlayan  bircok etmen bulunmaktadir. Bu
etmenlerden biri de fitoplazma hastaliklaridir. Fitoplazmalar
floemde yasayan, bakterilere benzeyen fakat ¢ok daha
kiigiik ve hiicre duvari olmayan obligat parazitlerdir.
Asmalarda hastaliga neden olan Onemli fitoplazmalar,
Flavescence doree (FD) (Elm yellows grubu) ve Bois noir
(BN) (Stolbur
2011). Bag fitoplazmasi, EPPOnun A2 nolu karantinaya

phytoplasma grubu)dur (Anonymous
tabi tutulan etmenler listesinde yer almaktadir. Flavescence
doree (FD) etmeni, Bitki Karantinasi Yonetmeliginin Ek-
2/A “Turkiyede Varhigi Bilinmeyen Zararli Organizmalar”
boliimiinde asma bitkilerinde bulunmas: halinde ithale
mani tegkil eden zararl organizmalar olarak yer almaktadir.
Bag fitoplazma hastaliklar1 Avrupa iilkelerinin bir¢ogunda
mevcut olup; Portekiz, Ispanya, Fransa, Italya, Isvigre,
Avusturya, Slovenya, Hirvatistan, Macaristan ve Sirbistanda

yayilis gostermektedir (Anonymous 2019).

Fitoplazmalar ¢ok sayida bitkiyi enfekte edebilmektedirler
ve ¢ogunlukla vektor bocekler yoluyla bir bitkiden digerine
taginarak, ilkbaharda bitkinin {ist aksamima dogru ve
sonbaharda koklere dogru hareket ederler. Fitoplazmalar
genelde bitkinin floem kalbur hiicrelerinde bulunurlar,
vektor boceklerin sindirim borusunda, hemolimfde, tiikiiriik
bezlerinde ve viicudun farkli organlarinda interselliiler
olarak yasarlar. Hemiptera tiirleri bitkilerin vejetatif
aksamini ozellikle yaprak ve geng siirgiinlerini sokucu-emici
agiz yapilariyla delerek bitki 6zsuyu emerek beslenirler.
Ayrica ovipozitorleri ile de yaprak doku ve damarlarinin
icine yumurta birakirlar. Boylece bitkide emgi yapilan
yerlerde klorofil azalmasi, salgilanan toksik madde ile iletim
demetlerinde tikanma ve bitkinin fizyolojik diizeninde
farklilasmaya neden olurlar. Boylece bitkilerde hastalik
etmeni olan viriis, riketsia, bakteri ve mikoplazmalari saglam
bitkiye tasiyip bulastirarak hastalik etmeninin kisa siirede

yayillmasina neden olurlar (Lodos 1986).

Fitoplazma hastalig1 etmenlerinin [Flavescence doree (FD) ve
Bois noir (BN)] belirlenmesine yonelik Ertung et al. (2011)
tarafindan yapilmis olan ¢aligma haricinde, tilkemizde
bag alanlarinda fitoplazma hastaliginin ve vektorlerinin
belirlenmesi ile ilgili su ana kadar detayli bir ¢alisma
yapilmamigstir. Bu ¢alisma ile Kuzeydogu Anadolu bolgesinde
yer alan ve bagcilik agisindan yiiksek bir potansiyele sahip
olan Erzincan ilinde 2013-2016 yillarinda baglarin fitoplazma
hastaliklar1 yontinden durumlar1 belirlenmis olup, hastalik
etmenlerinin yayillmasinda rol oynayan vektor tiirler de

tespit edilmistir.
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MATERYAL VE METOT
Materyal

Caligmanin materyalini Erzincan baglarindan toplanmis olan
fitoplazma hastalik stiphesi tagiyan asma yapragi ornekleri,
Cicadellidae ve Cixiidae (Hemiptera) familyasina ait tiirler,
vakumlu bocek toplama aleti (D-VAC) ve laboratuvarda

kullanilan kimyasal ve sarf malzemeleri olusturmustur.
Siirvey ¢alismalar

Erzincan ilinde bagcihgin yogun olarak yapildigi Uziimli,
Karakaya, Bayirbag, Caglayan beldeleri ile Piskidag koyiinde,
tesadiifi 6rnekleme yontemine (Bora ve Karaca 1970) gore,
stirveyler yapilmigtir (Sekil 1). Siirvey ¢aligmalarinda mevcut
alanin en az %3’ veya daha fazlasi alan incelenmistir (Cizelge
1). Her yil siirvey alanlarina Eylill - Kasim aylarinda en az bir
defa gidilerek hastalik siirveyi yapilmis, hastalik belirtisinden
stiphelenilen alanlardan o6rnekler alinarak etiketlenmis ve
buz kutusu iginde laboratuvara getirilmistir. Ayrica érnek
alian her bir asmanin GPS yardimiyla koordinatlar1 da
belirlenmigtir. Alinan yaprak orneklerinin ana damarlari
¢ikarilmis, molekiiler metotlarla teshisi yapilmak tizere -18

°C’ de muhafaza edilmistir.
Vektor ¢alismalart
Yapiskan tuzakla yakalama

Fitoplazma hastaliklariyla bulagik oldugu saptanan bag
alanina, vektorlerin belirlenmesi amaciyla bir sonraki
yil Mayis-Ekim aylarinda Dbelirli araliklarla = stirveyler
gerceklestirilmis, bag alanina kosegenler dogrultusunda
girilerek tesadiifen segilen 25 asmanin birer yillik siirgtinleri
vektor olabilecek bocekler yoniinden incelenmistir (Anonim
2011). Saha galismasinda belirlenen baglarda sari-yapiskan
tuzaklar (Tangle-foot) kullanilmigtir. Sar1 yapiskan tuzaklar 3
mm kalinhiginda 15x20 cm boyutlarinda duralit levhalardan
hazirlanarak her iki yiizeyi sar1 yagli boya ile boyanmis olup
tizerine “tanglefoot” ad1 verilen 6zel yapiskan ince bir tabaka
halinde siirtilmiistiir. Bu levhalar tizerinde 70 ve 100 cm
yiiksekliginde, farkli yonlerde iki ¢engel bulunan kaziklara
asilmigtir. Tuzaklar bag alaninin ortasina yakin ve sira tizerine
gelecek sekilde tesadiifi olarak yerlestirilmistir. Tuzaklar
Mayis aymnda vyerlestirilmis Eylil ayinda kaldirilmigtir.
Kontroller ayda bir kez yapilmis ve 6rnekler pens ile iginde
ksilen bulunan tiiplere almarak laboratuvara getirilmis ve
metoduna uygun olarak ignelenip (Demir 2007, Kalkandelen
1987), etiketlenerek, teshisleri yapilmak tizere Ankara Zirai
Miicadele

gonderilmistir.

Merkez Aragtirma Enstitiisit  Mudirligi'ne

Atrapla toplama
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Sekil 1. Proje siiresince Erzincan ilinde siirvey yapilan bag alanlar1 (sar1 renkli pinler: 1. yil siirvey yapilan bag alanlars;

turkuaz renkli pinler: 2. yil siirvey yapilan bag alanlary; mavi renkli pinler: 3. yil stirvey yapilan bag alanlary; pembe renkli
pinler: 4. y1il stirvey yapilan bag alanlary; kirmizi renkli pinler: siipheli olarak goriilen ve 6rnek alinan bag alanlarr)

Cizelge 1. Erzincan ilindeki mevcut bag alani ve proje siiresince incelenmis bag alanlar1

. Mevcut alan . Incelenen alan Incelenen Alinan 6rnek
il Siirvey alanlar1 B}
(da) (da) bag says1 sayist
Uziimlii 279 54 12
Uztimlii 274 49 5
Erzincan 9200
Uziimlii-Bayirbag 276 30 4
Karakaya-Caglayan 266 35 8
Toplam 9200 1095 168 29
Tuzaklarin bulundugu baglarin her birinde 100 atrap noktalarda, sira aralarinda bulunan asmalar {izerinden
sallanmis ve tarla kenarlarinda vektor boceklerin konukgusu 120 saniye siireyle ¢ekim yapilmigtir (Purcell and Elkinton
olabilecek yabanci otlar da incelenmis ve vektor tiirlerin 1980). Toplanan 6rnekler; etil asetat igeren 6ldiirme sigesine
erginleri tespit edilmistir. alindiktan sonra, nemlenmeyi 6nlemek igin kii¢iik kagit

Vakumiu bécek toplama torbalara alinmis, etiket bilgileri yazilarak laboratuvara
getirilmigtir. Vakumlu bécek toplama aleti Mayis-Ekim

Orneklerin toplanmasinda vakumlu bécek toplama aleti aylarinda ayda bir defa kullanilmustur.

(D-VAC) kullandmigtir.  Vakumlu bécek toplama aleti

ile bagda 3 farkli noktadan ornekleme yapilmis olup, bu Molekiiler ¢alismalar
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Izolasyon ¢alismast

Laboratuvara getirilen ~6rnekler molekiller —metotlar
kullanilarak analiz edilmistir. Oncelikle drneklerden kit

kullanilarak DNA elde edilmistir.

DNA izolasyonu, asma yapraklarindan DNA izolasyon Kkiti
(DNeasy Plant Mini Kit Qiagen, Germany) kullanilarak,
Green and Thompson'un (1999) fitoplazma izolasyonu igin
yaptig1 degisiklikleri igeren protokoliine gore yapilmigtir.
Toplanan vektor boceklerden de ayni protokol ile DNA elde
edilmis PCR’ da kullanilmistir.

Elde edilen DNA’larin saflik ve miktar tayini

DNA numunelerinin kalite ve miktar tayinleri igin
spektrofotometre (NanoDrop 2000, Thermo Scientific,
USA) kullanilmistir. Oncelikle kor olarak DNA’ nin icinde
bulundugu son soliisyon olan AE kullanilmistir. Daha sonra
DNA numuneleri 260 nm, 280 nm ve 260 nm/280 nm
degerleri él¢lilmiis ve DNA konsantrasyonlar: ng/ul olarak
belirlenmistir. Spektrofotometrik okumalar 3 tekerriirlii
olarak yapilmistir. Elde edilen DNA degerleri 260 nm de
1.290 ng/pl, 280 de 0.085 ng/ul ve 260/280 de 1.40 ng/ul

olarak belirlenmistir.
Multiplex nested PCR testi

Multiplex nested PCR' da kullanilan primer ve doéngiileri

agagida verilmistir.

Birinci PCR agamasinda:

FDYf1 (5-GAATTAGAACTGTTTGAAGACG-3),
FDIr1 (5-TTTGCTTTCATATCTTGTATCG-3),
Stol 112 (’TATTTTCCTAAAATTGATTGGC-3),

Stol 11r1 (5-TGTTTTTGCACCGTTAAAGC-3’) (Daire et
al. 1997),

Ikinci (nested) PCR asamasinda ise:

FD913b (5-TAATAAGGTAGTTTTATATGACAAG-3’),
FDIr2 (5°-GACTAGTCCCGCCAAAAG-3’),

Stol 113 (5-ACGAGTTTTGATTATGTTCAC-3’)

Stol 11r2 (5-GATGAATGATAACTTCAACTG-3’)
(Angelini et al. 2001, Clair et al. 2003)

FDOf, FD9r ve Stol 1112, Stol 11r1 primerleri

92°C 3 dk. 1 déngii
92°C 1 dk.

55°C 1 dk. 35 dongi
72°C 1.5 dk.
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72°C 10 dk. 1 dongii

FD9f3b, FD9r2 ve Stol 113, Stol 11r2 primerleri

92°C 3 dk. 1 dongii
92°C 1 dk.

56 °C 1 dk. 35 dongii
72°C 1.5 dk.

72°C 10 dk. 1 dongii

Elde edilen PCR tiriinleri %1’ lik agaroroz jelde 80 mA de
kosturulmus, ethidium bromide iceren TAE buffer i¢inde
30 dk. galkalanarak olusan bantlar goriintiileme cihazinda
goriintiilenmistir. Beklenen bant dizilisi BN i¢in 720 bp, FD
i¢in 1150 by’ dir.

DNA sekans analizi

Nested PCR sonucu elde edilen PCR iriintinin DNA
dizileme analizi hizmet alimi ile yaptirilmistir. Elde edilen
sekanslar, evrensel bir veri tabaninda (http://www.ebi.
ac.uk/ http://blast.ncbinlm.nih.gov/Blast.cgi) Blast analizi

yardimiyla kontrol edilmis ve tiir tayini yapilmistir.

SONUCLAR

Caligma sonucunda 2013 yilinda, 54 bagda toplam 279 da
alanda siirvey caligmalar1 yapilmis, siirveyler esnasinda
stipheli bulunan 12 adet ornek alinmig, tanilamalar:
yaptirilmis ve 2013/3 nolu 6rnek fitoplazma etmenlerinden
“Bois noir” ile bulagik bulunmugtur (Sekil 2). “Bois noir”
karantinaya tabi bir etmen olup tilkemizde varlig1 bilinmeyen
organizmalar listesinde (Bitki Karantinasi Yonetmeligi
EK 2-A)
yapilarak DNA dizilimi elde edilmis fakat herhangi bir

oldugundan pozitif 6rnegin sekanslamasi
genom veri bankasina kaydedilmemistir. Sonuglar sadece
NCBI (National Center for Biotechnology Information)
veri tabanindaki kayitlarla karsilastirilmisti. Bu 6rnegin
gen bankasinda kayith Candidatus Phytoplasma solani
(BN) izolatlar1 (Accession number: KJ957010.1) ile %99
benzerlikte oldugu belirlenmistir. S6z konusu izolatin
Uziimlii ilgesinden alinan 6rnege ait oldugu da tespit
edilmistir. Caliymanin ikinci yili olan 2014 yilinda, 49 bagda
toplam 274 da alanda siirvey ¢alismalar1 yapilmus, stirveyler
esnasinda siipheli bulunan 5 adet 6rnek alinmis olup
orneklerde fitoplazma etmenleri yoniiyle bulagiklik tespit
edilmemistir (Cizelge 2). Ayrica bir 6nceki yildan bulagik
oldugu belirlenen 2013/3 nolu 6rnegin alindig1 bag alaninda
vektor tiirlerin belirlenmesi amaci ile 6rnekler toplanmigtir.
Toplanan bireyler usuliine uygun olarak etiketlenerek
kodlanmis ve teshis edilmek tizere hazirlanmustir. Yapilan

teshis sonucunda bu bag alaninda Laodelphax striatellus
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(Fallen 1826) (Delphacidae), Dictyophara multireticulata
Mulsant et Rey, 1855 (Dictyopharidae), Aphrodes makarovi
Zachvatkin 1948, Arocephalus longiceps (Kirschbaum, 1868),

Empoasca sp., Euscelis incisus (Kirschbaum, 1868), Fieberiella
sp., Micantulina micantula (Zetterstedt, 1948), Phlepsius
intricatus (Herrich-Schaffer, 1838), Platymetopius manfredi
Abdul-Nour, 1987, Psammotettix sp. (Cicadellidae) olmak
tizere toplam 11 tiir tespit edilmistir.

Sekil 2. BN etmeni i¢in uygulanan multiplex nested PCR

testi sonucunun jel goriintiisti [(L: 100 bp DNA ladder. 1:

BN (Stolbur) pozitif kontrol (Loewe, Germany) 2: pozitif
ornek (2013-3)]

Caligmanin tgiincti yilinda (2015), 30 bagda toplam 276
da alanda siirvey ¢alismalar1 yapilmig, stirveyler esnasinda
stipheli bulunan 4 adet 6rnek alinmig tanilamalar1 yaptirilmig
ve orneklerde fitoplazma etmenleri yoniiyle bulagiklik tespit
edilmemistir. Caliymanin dordiincii ve son yilinda (2016) ise,
35 bagda toplam 266 da alanda siirvey ¢alismalar1 yapilmus,
stirveyler esnasinda siipheli olan 8 adet 6rnek alinmis olup
orneklerde fitoplazma etmenleri yoniiyle bulasiklik tespit

edilmemistir (Cizelge 2).

Caligma sonucunda toplamda fitoplazma hastalik siiphesi ile
29 6rnek molekiiler testlere tabi tutulmus olup, bunlardan
yalniz 2013 yilinda alinan 2013/3 nolu 6rnek fitoplazma
etmenlerinden “Bois noir” ile bulagik bulunmugtur (Cizelge

2). Bu alanda yapilan vektor ¢aligmalar: sonucu Delphacidae,
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Dictyopharidae ve Cicadellidae familyalara giren toplam
117 bocek yakalanmis olup, bu 6rneklerde yapilan molekiiler
testlemeler sonucunda bodceklerin fitoplazma etmenlerini
tagimadig1 tespit edilmigtir. Ancak bu 6rnekler igerisinde yer
alan L. striatellus, E. incisus, Empoasca sp. ve Psammotettix
sp. tiirlerinin Flavescence doree (FD) ve Bois noir (BN)'in
vektorii oldugu bildirilmektedir (Bressan et al. 2006, Chuche
et al. 2016, Galetto et al. 2011, Khan et al. 2003, Mazzoni et
al. 2001, Olivier et al. 2014, Pastore et al. 2004, Sabaté et al.
2007).

TARTISMA VE KANI

Caligmada, dort yil boyunca 168 bagda 1095 da alanda siirvey
calismalar1 yiritilmistir (Sekil 1). Sirvey yapilan alan,
Erzincan ilindeki toplam bag alanlarinin yaklasik %12’sini
kapsamaktadir. Toplamda fitoplazma hastalik etmeni giiphesi
tagtyan omcalardan 29 6rnek alinmis ve bu orneklerden
yalnizca bir tanesi fitoplazma etmenlerinden “Bois noir”
ile bulagik bulunmustur. Calisgmamizda fitoplazma hastalik
etmenlerinden “Flavescence dore” tespit edilmemigtir. Ertung
et al. (2011) tarafindan 2009-2010 yillarinda 5 bolgede,
onemli bag alanlarinda yapilan ¢aligmada siipheli 6rnekler
toplanmis, P1/P7 universal primerler kullanilarak yapilan
PCRn ardindan spesifik primerler kullanilarak nested-PCR
yapilmustir. Pozitif bulunan PCR iiriinleri gesitli enzimlerle
kesilmis ve RFLP yapilarak 2 6rnekte Flavescence dore, 17

ornekte Bois noir fitoplazmanin varligini belirlemislerdir.

Fitoplazma etmenlerinden Bois noir’ in belirlendigi 2013/3
nolu o&rnegin oldugu bag alaninda vektor tiirlerden
olabilecegi diisiinillen Delphacidae, Dictyopharidae ve
Cicadellidae familyalarina mensup tiirler toplanmus, teshis
sonucu 11 tiir tespit edilmistir. Yapilan teshis sonucunda
Laodelphax (Fallen, 1826) (Delphacidae);
Dictyophara Mulsant et 1855
(Dictyopharidae); Aphrodes makarovi Zachvatkin, 1948,

striatellus

multireticulata Rey,

Arocephalus  longiceps (Kirschbaum, 1868), Empoasca
sp., Euscelis incisus (Kirschbaum, 1868), Fieberiella sp.,
Micantulina  micantula  (Zetterstedt, 1948), Phlepsius

intricatus (Herrich-Schafter, 1838), Platymetopius manfredi
Abdul-Nour, 1987, Psammotettix sp. (Cicadellidae) tiirleri
bulunmustur. Tespit edilen bu tiirlerden Delphacidae
familyasindan L. striatellus ve Cicadellidae familyasindan E.
incisus, Empoasca sp., Psammotettix sp. tiirlerinin fitoplazma
etmenlerinden Bois noir ve Flavescence doreenin vektor
tirleri oldugu ifade edilmektedir (Bressan et al. 2006,
Chuche et al. 2016, Galetto et al. 2011, Khan et al. 2003,
Mazzoni et al. 2001, Olivier et al. 2014, Pastore et al. 2004,
Sabaté et al. 2007). Mazzoni et al. (2001), Ligurian ve Tuscan
bolgesi (Italya) baglarinda yapilan bir ¢alisma sonucunda

Scaphoideus titanus (Cicadellidae)’un en 6nemli fitoplazma
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Cizelge 2. 2013-2016 yillarinda Erzincan ilinden fitoplazma etmenleri i¢in 6rnek alinan yerler, koordinatlari, alanlari, rakim
degerleri ve tani sonuglari

BN (16SrXI)  FD (16SrV)

Ornek alinan Ifhnan i Alan1 Rakim pozitif pozitif
il ve ilgeler Ornek Koordinatlar (da) (m) bulunan bulunan
sayist ornek say1si ornek sayisi
390.71453 K 390,66912 D 4 1268
390,71218 K 390,66873 D 6 1263
390,71183 K 390,66941 D 7 1254
390,71170 K 390,67061 D 10 1263
390,71096 K 390,67240 D 3 1288
390,70846 K 390,67687 D 2 1301
390,71070 K 390,68251 D 5 1356
390,71077 K 390,68191 D 10 1354
Uziimlii 17 390,71186 K 390,68149 D 2 1354 1 ---
390,71156 K 390,67993 D 6 1358
390,71321 K 390,67643 D 4 1330
390,71389 K 390,67584 D 4 1335
390.71846 K 390.68692 D 2 1489
390.71824 K 390.69050 D 4 1517
390.69451 K 390.66113 D 12 1192
390.69232 K 390.66033 D 10 1184
390.68802 K 390.66888 D 10 1193
390.68016 K 390.68736 D 10 1199
390.67710 K 390.68505 D 3 1177
Bayirbag 4 - ---
390.68245 K 390.70062 D 20 1226
390.68245 K 390.70062 D 20 1226
390.68619 K 390.71898 D 3 1292
390.68662 K 390.73832 D 4 1409
390.68540 K 390.73791 D 4 1380
Karakaya . 390.66652 K 390.76492 D 23 1396
Caglayan 390.66667 K 390.76399 D 2 1375
390.66838 K 390.76694 D 15 1439
390.60661 K 390.69840 D 1 1189
390.60673 K 390.69811 D 2 1198
Toplam 29 1 -
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vektorii (Ozellikle Flavescence doreenin) oldugunu bunu
Hyalesthes obsoletus (Cixiidae), Anoplotettix fuscovenosus,
Euscelis lineolatus, Macrosteles laevis, M. quadripunctulatus,
Neoaliturus fenestratus, Psammotettix alienus, P. striatus
(Cicadellidae) tiirlerinin izledigini belirtmislerdir. Sabaté
et al. (2007), Ispanya@ nin farkli bélgelerindeki bag
alanlarindaki fitoplazma etmeni olan Bois noir’ in orani
ve H. obsoletus ile olan iliskisi tizerine yaptig1 ¢alismada,
etmenin farkli bolgelere yayildigini ve vektorlerinin ise H.
obsoletus (Cixiidae), Agallia laevis, Euscelidius variegatus,
Macrosteles  quadripunctulatus, Neoaliturus  fenestratus,
Psammotettix striatus (Cicadellidae) ve Laodelphax striatellus
(Delphacidae) oldugunu ifade etmislerdir. Kunz et al. (2010),
ftalya’ nin kuzeyindeki bag alanlarinda bulunan Hemiptera
tiirlerinin biyogesitliligi ve Bois noir etmeninin vektorlerinin
belirlenmesi tizerine yaptiklar: ¢aligmada, Auchenorrhyncha
alt takimina giren 56 tiir belirlemis olup, bu tiirlerden
sadece H. obsoletus’un vektor tiir oldugunu ve Bois noir’ u
tagidigini ifade etmislerdir. Cvrkovi¢ et al. (2011), Sirbistan
baglarinda potansiyel Hemiptera vektorlerinin belirlenmesi
tizerine yaptiklari ¢alijmada Cicadellidae (31), Cixiidae
(7), Delphacidae (4), Aphrophoridae (3), Dictyopharidae,
Issidae, Cercopidae ve Membracidae familyalarina ait toplam
49 tiir tespit etmislerdir. Bunlardan H. obsoletus (Signoret),
Reptalus  panzeri (Low), R. quinquecostatus (Dufour)
(Cixiidae) ve Dictyophara europaea (L.) (Dictyopharidae)
tirlerinde fitoplazma etmeni olan Bois noir u tespit
etmiglerdir. Olivier et al. (2014), Kanada da yetistirilen
tizim baglarindaki fitoplazma vektorleri tizerine yaptiklar:
calismada, en yiiksek enfeksiyonun Colladonus geminatus
(%9.2), Psammotettix lividellus (%8.8), Ceratagallia humilis
(%7.1), Exitianus exitiosus (%6.8), Neokolla confluens (%6.6)
(Cicadellidae) tiirlerinde oldugunu saptamiglardir. Chuche et
al. (2016), Aphrodes bicinctus, Euscelidius variegatus, Euscelis
obsoletus, Macrosteles quadripunctulatus (Cicadellidae), Issus
sp. (Issidae), Reptalus panzeri, R. quinquecostatus (Cixiidae)
tirlerinin fitoplazma etmeni olan Bois noir'i tasidiklarini
tespit etmislerdir. Ulkemizde ise bu etmenlerin vektorleri
tizerine yapilan ¢aligmalar olduk¢a azdir. Ertung et al
(2011) tilkemiz baglarinda fitoplazma hastaliklarini tasiyan
vektor bocekleri belirlemek amaciyla yaptiklar: ¢alismada,
Hemiptera takimina bagl 9 familyaya ait 28 tiir saptamuslar,
bu tiirlerden en fazla sirasiyla Arboridia adanae (Dlabola),
Asymmetrasca decedens Paoli ve Eupteryx filicum (Newman)
oldugunu belirlenmislerdir. Ancak yapilan PCR ve Nested-
PCR ¢alismasi sonucunda, bu tiirlerin etmen fitoplazmalari
tagimadiklarini saptamugslardir. Bayram et al. (2011) tilkemiz
baglarinda fitoplazma hastaliklarin1 ve vektor boceklerini
belirlemek amactyla basta Marmara, Ege, i¢ Anadolu, Dogu
ve Giineydogu Anadolu Bolgelerinde yer alan sofralik ve
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saraplik tizim Gretiminin yapildig: onemli illerde, diizenli
olarak yaptiklari siirveylerde enfekteli yaprak, bitki ve vektor
bocek drnekleri toplamiglardir. Yapilan inceleme sonucunda,
Hemiptera takimina bagl 9 familyaya ait 28 tiir saptanmustir.
Ancak yapilan PCR ve Nested-PCR ¢alismasi sonucunda, bu

tirlerin etmen fitoplazmalar: tagimadiklarini saptamiglardar.

Fitoplazmalarin karantina etmeni olmalar1 nedeniyle hastalik
tespit edilmesi halinde 6nleyici acil tedbirlerin alinabilmesi
i¢in erken tespit ve eradikasyon ¢ok énemlidir. Bu kapsamda
hastalikla bulasik omcalarin sokiilerek imha edilmesi ve
vektorleri ile miicadele edilmesi 6nem arz etmektedir. Bu
¢aligmayla bagcilik agisindan yiiksek bir potansiyele sahip
olan ve Kuzeydogu Anadolu bolgesinde yer alan Erzincan
ilinde baglarin fitoplazma hastaliklar1 yontinden durumlar
belirlenmistir. Ayrica hastalik etmenlerinin yayilmasinda rol

oynayan vektor tiirler de belirlenmistir.

TESEKKUR

Bu ¢aligma Tarimsal Aragtirmalar ve Politikalar Genel
Mudirligi  tarafindan TAGEM-BS-12/08-05/02-28 (3)
desteklenmigtir. Desteklerinden dolay: Tarimsal Aragtirmalar
ve Politikalar Genel Miidiirliigi'ne ve Erzincan Bahge

Kiiltiirleri Aragtirma Enstitiisi'ne tesekkiir ederiz.

OZET

Bu ¢aligma, 2013-2016 yillarinda bagciligin  yogun
olarak yapildig1 Erzincan ili; Merkez ve Uziimli ilgeleri
ile bu ilgelere bagh belde ve koylerdeki bag alanlarinda
fitoplazma hastaliklar1 ve olas1 vektor bocek tiirlerini tespit
etmek amaciyla yapilmistir. Bu amagla stirveyler diizenli
olarak (ayda bir) gerceklestirilmis, fitoplazma hastalik
etmeni siiphesi tasiyan omcalardan 6rnekler alinmis ve bu
omcalarin yerleri GPS yardimiyla isaretlenmistir. Toplanan
bu orneklerin molekiller yontemlerle tanisi yapilmis,
baglarda hastalik yapan fitoplazma etmenleri (Bois noir ve
Flavescence doree) yoniiyle Erzincan ili baglarinmn durumu
ortaya konmus, alandaki vektor tiirler de belirlenmistir.
Caligma sonucunda fitoplazma etmenlerinden Bois noir ve
bu etmenin potansiyel vektorleri olan Laodelphax striatellus
(Fallen, 1826) (Hemiptera: Delphacidae), Empoasca sp.,
Euscelis incisus (Kirschbaum, 1868) ve Psammotettix sp.

(Hemiptera: Cicadellidae) tiirleri tespit edilmistir.

Anahtar kelimeler: Bois noir, Flavescence doree, vektor, bag,

Erzincan

KAYNAKLAR

Angelini E., Clair D., Borgo M., Bertaccini A., Boudon-
Padieu E., 2001. Flavescence doree in France and Italy -

occurrence of closely related phytoplasma isolates and their



Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (1) : 31-39

near relationship to Palatinate grapevine yellows and an alder
yellows phytoplasma. Vitis, 40, 79-86.

Anonim 2011. Bag Entegre Miicadele Teknik Talimati. Gida
Tarim ve Hayvancilik Bakanligi, Tarimsal Aragtirmalar ve
Politikalar Genel Mudirliigi, Bitki Sagligi Arastirmalar:
Daire Bagkanlig1 Yayinlari, Ankara, 155 s.

Anonim 2018. Bitkisel Uretim Istatistikleri. T.C. Bagbakanlik
Devlet Istatistik  Enstitiisii,  https://biruni.tuik.gov.tr/
medas/?kn=92&locale=tr (Erisim tarihi: 30.05.2019).

Anonymous 2011. Grapevine Diseases. http://www.agf.gov.
bc.ca/cropprot/grapeipm/phytoplasma.htm (Erisim tarihi:
04.01.2012)

Anonymous 2019. EPPO (European and Mediterranean
Plant Protection Organization). https://gd.eppo.int/taxon/
PHYP64/distribution (Erisim tarihi: 30.05.2019).

Bayram $., Zeybekoglu U., Soylemezoglu G., Canik D.,
Ertung E, 2011. Tiirkiye baglarinda fitoplazma hastaliklarinin
olasi1 vektorleri, 277 s. Tiirkiye IV. Bitki Koruma Kongresi
Bildirileri, 28-30 Haziran, 2011, Kahramanmaras, 496 s.

Bora T, Karaca 1., 1970. Kiiltiir Bitkilerinde Hastaligin ve
Zararin Olgiilmesi. Ege Universitesi Ziraat Fakiiltesi yardimei
ders kitabi, No: 167, 3-43.

Bressan A., Clair D. Sémétey O., Boudon-Padieu E., 2006.
Insect injection and artificial feeding bioassays to test the
vector specificity of Flavescence dorée phytoplasma. Ecology
and Epidemiology, 96 (7), 790-796.

Chuche J., Danet J.L.,, Thiéry D., 2016. Could Reptalus
quinquecostatus play a role in Bois noir epidemiology?
https://www.iobc-wprs.org/.../20151021_02_IOBC_Vienna.
(Accession date: 30.11.2016).

Clair D., Larrue J., Aubert G., Gillet J., Cloquemin G.,
Boudon-Padieu E., 2003. A multiplex nested-PCR assay for
sensitive and simultaneous detection and direct identification
of phytoplasma in the Elm yellows group and Stolbur group
and its use in survey of grapevine yellows in France. Vitis, 42
(3), 151-157.

Cvrkovi¢ T., Jovi¢ J., Mitrovi¢ M., Krsti¢ O., Krnjaji¢ S.,
Tosevski L., 2011. Potential new hemipteran vectors of stolbur
phytoplasma in Serbian vineyards. Bulletin of Insectology,
64, 129-130.

Daire X., Clair D., Reinert W., Boudon-Padieu E., 1997.

Detection and differentiation of grapevine yellows
phytoplasmas belonging to the elm yellows group and to the
stolbur subgroup by PCR amplification of non-ribosomal

DNA. European Journal of Plant Pathology, 103 (6), 507-514.

38

Demir E., 2007. Contributions to the knowledge of Turkish

Auchenorrhyncha  (Homoptera, Fulgoromorpha and
Cicadomorpha, excl. Cicadellidae) with a new record,
Setapius klapperichianus Dlabola, 1988. Munis Entomology

and Zoology, 2 (1), 39-58.

Ertung F, Canik D., Topkaya §., Soylemezoglu G., Bayram .,
2011. Tiirkiye baglarinda bag sarilig1 fitoplazmalarinin varlig
ve saptanmasi, 90 s. Tirkiye IV. Bitki Koruma Kongresi
Bildirileri, 28-30 Haziran 2011, Kahramanmarag, 496 s.

Galetto L., Marzachi C., Demichelis S., Bosco D., 2011. Host
plant determines the phytoplasma transmission competence
of Empoasca decipiens (Hemiptera: Cicadellidae). Journal of
Economic Entomology, 104 (2), 360-366.

Green M.J, Thomson D.A., 1999. Easy and efficient
DNA extraction from woody plants for the detection of
phytoplasmas by polymerase chain reaction. Plant Disease,
83, 482-485.

Kalkandelen A., 1987. Tiirkiye Cixiidae (Hemiptera) tiirleri
tizerinde taksonomik ¢aligmalar. I-Familyanin morfolojik
ozellikleri ve cins teshis anahtar1. Bitki Koruma Biilteni, 27
(3-4), 119-146.

Khan A.]., Botti S., Al-Subhi A.M., Zaidi M.A., Altosaar I.,
Alma A., Bertaccini A., 2003. Molecular characterization
of the 16S-rRNA gene of phytoplasmas detected in two
leathopper species associated with alfalfa plants infected with
witches’ broom in Oman. Phytopathologia Mediterranea, 42,
257-267.

Kunz G., Roschatt G., Scweigkofler W,, 2010. Biodiversity of
planthoppers (Auchenorrhyncha) in vineyards infected by
the Bois noir phytoplasma. Gredleriana, 10, 89-108.

Lodos N., 1986. Tiirkiye Entomolojisi IT (Genel, Uygulamal:
ve Faunistik). Ege Universitesi Ziraat Fakiiltesi Yayinlar1, No:
429, Tzmir, 580 s.

Mazzoni V., Cosci E, Lucchi A., Santini L., 2001. Leathoppers
and plant hoppers vectors in Ligurian and Tuscan vineyards.
Integrated Control in Viticulture, IOBC WPRS Bulletin, 24
(7), 263-266.

Olivier C., Saguez J., Stobbs L., Lowery T., Galka B.,
Whybourne K., Bittner L., Chen X. Vincent C., 2014.
Occurrence of phytoplasmas in leathoppers and cultivated
and

grapevines in Canada.

Environment, 195, 91-97.

Agriculture, Ecosystems

Pastore M., Raffone E., Santonastaso M., Priore R., Paltrinieri
S., Bertaccini A., Simeone A.M., 2004. Phytoplasma detection
in Empoasca decedens and Empoasca spp. and their possible

role as vectors of European stone fruit yellows (16SrXB)



Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (1) : 31-39

phytoplasma. Acta Horticulturae, 657, 507-511.

Purcell A.H., Elkinton J.S., 1980. A comparison of sampling
methods for leathopper vectors of X-Disease in California
cherry orchards. Journal of Economic Entomology, 73 (6),
854-860.

Sabaté J., Lavina A., Legorburu J., Fortanete J., Perez de
Obanos].J., Perez Marin J.L., Reye]., Batlle A., 2007. Incidence
of “Bois noir” phytoplasma in different wine-growing regions
of Spain and its relation to Hyalesthes obsoletus. Bulletin of
Insectology, 60 (2), 367-368.

Cite this article: Karabigak, Y, Alaserhat, i, Altundag, §,
Ozdemir, I, Ozden, E. (2020). Determination of phytoplasma
diseases and potential vector insect species in vineyards in
Erzincan province. Plant Protection Bulletin, 60-1. DOL:
10.16955/bitkorb.600434

Atif igin: Karabigak, Y, Alaserhat, I, Altundag, $, Ozdemir,
I, Ozden, E. (2020). Erzincan ili bag alanlarinda fitoplazma
hastaliklarinin ve olasi vektor bocek tiirlerinin tespiti. Bitki
Koruma Bilteni, 60-1. DOI: 10.16955/bitkorb.600434

39



Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (1) : 41-47

Bitki Koruma Biilteni / Plant Protection Bulletin

http://dergipark.gov.tr/bitkorb

Original article

Overexpression of cytochrome P450 genes in Apbhis gossypii (Glover) in the
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genleri ekspresyonu

Selguk ULUSOY™

“Biological Control Research Institute, 01321, Yiiregir, Adana, Turkey

ARTICLE INFO ABSTRACT

Artee by Aphi ii Glover, 1877 (Hemiptera: Aphididae), which is a polyph

DOL 10.16955/bitkorh 540632 phis gossypii Glover, (Hemiptera: Aphididae), which is a polyphagous

Received : 15.03.2019 species, is among the main pests of the cotton plants in the whole world. The

Accepted: 17.02.2020 Cukurova region is an area where polyculture agriculture activities are carried
out. While insecticides in the neonicotinoid group are prevalently used in the

Keywords:

cotton fields in this region for controlling A. gossypii, the problem of resistance
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: is frequently encountered. This study determined the relative expression levels of
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the CYP6CY22 and CYP6CY13 genes, cytochrome P450, acetylcholine esterase
(AChE) and glutathione S-transferase (GST) enzyme activities in six different
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B selcukby@gmail.com populations of A. gossypii collected in 2018 from cotton fields in the province of

Adana in Southern Turkey. In comparison to the reference culture, there was an
increase in gene regulation by 81.9 fold in the CYP6CY22 gene in the Hamitbey
population and by 6 fold in the CYP6CY13 gene in the Gazipasa population.
Additionally, the Hamitbey population showed 4.3 times higher (0.74 U/ml)
cytochrome P450 enzyme activity. The Ciftlikler population showed 5.9 fold
higher AChE (0.82 U/ml) and 4.3 fold higher GST (2.68 U/ml) activities. The
analyses revealed that the A. gossypii populations were exposed to high amounts
of insecticides. Consequently, overexpressed genes, high levels of enzyme

activities and metabolic resistance in based on cytochrome P450 activity were

observed in the study.
INTRODUCTION
Cotton aphid, Aphis gossypii Glover, 1877 (Hemiptera: polyphagous species that has a very broad spectrum of hosts.
Aphididae), is one of the significant pests among aphids As in the entire world, they create harm on especially cotton
that reaches the economic loss threshold. A. gossypii is a and Cucurbitaceae species in Turkey (Ozgur and Sekeroglu
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1986, Tomizawa and Casida 2005). Insecticide application
has become prominent today due to its economical and
easy to implement nature in controlling A. gossypii which
leads to reductions in yield and quality in cotton farming.
While there are several natural deterrents that are effective
on A. gossypii in cotton, chemical control is the most
frequently preferred method among producers (Godfrey
et al. 1997). In addition to this, increased resistances to
insecticides (organophosphates, carbamates, pyrethroids and
neonicotinoids) in different ratios were reported in several
countries (Ahmad et al. 2003, Sparks and Nauen 2015,
Wang et al. 2007). Neonicotinoids are among insecticides
with high market share that are effectively used in recent
times for controlling especially aphids and whiteflies in the
Coleoptera, Diptera and Lepidoptera families. However,
varying ratios of development of resistance against this
group of insecticides were reported in both the entire world
and the Mediterranean Region due to its widespread and
irresponsible usage (Jeschke et al. 2011, Nauen et al. 2008,
Ulusoy et al. 2018). Resistance mechanisms are caused by
strengthened metabolic enzyme activities in organisms and
reduction in the levels of sensitivity against xenobiotics as
a result of mutations in target proteins (Nauen 2007). In
the process of detoxifying xenobiotics in living organisms,
there are activities of several enzymes in the multigene
group such as esterase, glutathione S-transferase (GSTs)
and cytochrome P450. This activity is closely related to the
transcription levels of these genes on the cellular level (Bass
and Field 2011, Field et al. 1999). In A. gossypii, target-site
insensitivity against neonicotinoids and point mutations in
the nAChR beta 1 loop D field (R81T) are significant factors
in the development of resistance (Bass et al. 2011, Hirata et
al. 2015, Thara et al. 2008). Likewise, detoxification caused by
cytochrome P450 in insects is one of the main factors in the
development of resistance against insecticides (Nauen and
Elbert 2003, Scott 1999, Zhao et al. 2014). Cytochrome P450
monooxygenases are a broad family of enzymes that have
functions of metabolic activities such as hormone synthesis
in the insect’s body and making xenobiotics less toxic or
water-soluble in their detoxification (Rauch and Nauen 2003,
Scott and Wen 2001). High P450 enzyme activity levels were
reported in neonicotinoid-resistant A. gossypii populations
(Seyedebrahimi et al. 2015, Shang et al. 2012, Ulusoy et al.
2018). It was stated that this situation is dependent on the
changes in the expression levels of P450 genes, changes in
catalytic activity or changes in substrate-specificity (Bergé et
al. 1998, Hirata et al. 2017, Nikou et al. 2003, Wu et al. 2018).
Various next-generation sequencing (NGS) studies have been
carried out in relation to P450 expression levels (Hirata et al.
2017, Wu et al. 2018). Hirata et al. (2017) reported 45 times
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higher activity levels in comparison to reference values in the
CYP6CY13 and CYP6CY22 genes in 10 different genes in
the cytochrome P450 gene family in thiamethoxam-resistant
A. gossypii populations. Widespread and irresponsible usage
of insecticides takes place in Cukurova, which is one of the
most important regions involved in polyculture agriculture
in the Mediterranean Region in Turkey. Neonicotinoid
resistance was reported in A. gossypii in cotton fields in this
region (Ulusoy et al. 2018).

This study determined the relative expression levels of
the CYP6CY22 and CYP6CY13 genes, cytochrome P450,
acetylcholine esterase (AChE) and glutathione S-transferase
(GST) enzyme activities in six different populations of A.
gossypii collected in 2018 from cotton fields in the province

of Adana in Southern Turkey.

MATERIALS AND METHODS

A. gossypii individuals were collected from six different
locations (Gazipasa, Hamitbey, Solakli, Kérkuyu, Akyuva,
Ciftlikler) in the province of Adana where widespread
cotton production took place in June 2018. The A. gossypii
population that had been cultured for the five previous years
under greenhouse conditions at 22 °C, 65+5% RH and 16:8 h
L:D photoperiod at the Directorate of the Biological Control
Research Institute was taken as the susceptible culture.
PCR analysis was utilized at thermalcycler (Eppendorf
Mastercycler Nexus Thermal Cycler, USA) and real-time Light
cycler (Roche LightCycler 96, Switzerland). PCR products
were run at agarose gel (ThermoFisher Scientific Mini Gel
Electrophoresis Systems, USA) and viewed in gel visulation
(Quantum Vilber gel visulation, Germany). Enzyme
analyses were read via microplate reader spectrophotometer
(Multiscan Go microplate reader, ThermoFisher Scientific,
USA). It was worked with individual A. gossypii apterous in

all analyses.
Determining acetylcholine esterase activity

Acetylcholine esterase activity was determined by modifying
and using the method reported by Ulusoy et al. (2018). 50 A.
gossypii individuals were homogenized with a homogenizer
in an Eppendorf tube containing a 500 ul phosphate buffer
(0.1 M pH: 7.5) 0.1% Triton X-100. The homogenate was
centrifuged at 10 000 g and 4 °C at 5 min, and the supernatant
was used as an enzyme source after 10 times of dilution. For
measuring AChE activity, 100 pl (0.5 mM) acetylcholine
iodide (ATChI), 100 pl 5,5-dithiobis (2-nitrobenzoic
acid) (DTNB) and 100 pl enzyme solution were added
to the microplate cells. AChE activity was measured for
10 min at 412 nm in a kinetic microplate reader with 3

replications at 25 °C. The control cells were read without
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adding the homogenate. The enzyme readings were made
with 3 replications. The activity levels were determined by
comparison to the controls. The specific enzyme activity was
determined using the extinction coefficient of chromophore
(Kranthi 2005).

Determining glutathione S-transferase activity

The method by Ulusoy et al. (2018) was modified and used to
determine activity. 50 aphid individuals were homogenized in
a 500 pl Tris HCL buffer (0.05 M, pH: 7.5) by a homogenizer,
the homogenate was centrifuged at 11 000 g at 4 °C for 7
min, and the supernatant was used as an enzyme source.
100 pl 0.4 mM 1-chloro-2,4-dinitrobenzene (CDNB), 100 ul
4 mM reduced glutathione (GSH) and 100 pl enzyme were
added to the microplate cells and the reaction was started.
Reading was carried out in a microplate reader at 340 nm
and 25 °C for 10 min. The control cells were read without
adding the homogenate. The enzyme readings were made
with 3 replications and the activity levels were determined
by comparison to the controls. Changes in absorbance per
minute were converted into nM CDNB conjugated/min/
mg protein using the extinction coefficient of the resulting
2,4-dinitrophenyl-glutatione (Habig et al. 1974).

Determining cytochrome p450 monooxygenase activity

Cytochrome p450 activity was measured based on the
method describe by Ulusoy et al. (2018). 50 aphid individuals
were homogenized in a Na - phosphate buffer (0.1 M pH:
7.5), the homogenate was centrifuged as 10 000 g at 4 °C
for 10 min, and the supernatant was used as an enzyme
source. 90 ul of enzyme and 100 ul 2 mM of p-nitroanisole
(substrate) were mixed and left for 3-4 min at 34 °C. Then, 10
ul 9.6 mM of nicotinamide adenine dinucleotide phosphate
(NADPH) was added to this mixture, the resulting mixture
was put into the microplate cells, and measurements were
made at 40 s intervals for 20 min at 405 nm and 25 °C by
using microplate reader. The control cells were read without
adding the homogenate. The enzyme readings were made
with 3 replications and the activity levels were determined by
comparison to the controls. The specific enzyme activity was
determined using the extinction coefficient of p-nitrophenol
(Kranthi 2005).

A. gossypii total RNA extraction and real-time polymerase
chain reaction (RT-PCR)

Aphid individuals were frozen at -80 °C, 50 of the individuals
were homogenized, and their total RNAs were extracted
by using a RNA purification kit (ThermoFisher Scientific
RNA purification kit, USA). After the extraction, the total
RNA amounts were measured by spectrophotometer

(ThermoFisher Scientific NanoDrop Spectrophotometer,
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USA), and equal concentrations of 60 ng/pl each were diluted
by a TE buffer.

In real-time PCR analysis, the relative activity of the
cytochrome P450s enzyme gene was determined by
examining the expression levels of the CYP6CY22 and
CYP6CY13 genes (Hirata et al. 2017). Using the NCBI
primer blast software for this genes, primers that recognized
the CYP6CY22 (NCBI Accession No: XP_001948421) and
CYP6CY13 (NCBI Accession No: XP_008184269) gene parts
were designed. As the genuine primer for the CYP6CY22 gene,
forward: 5-TTCCGCCATTACGCCAAGAT-3, reverse:
5-ACGGTTTCTGAACCAGCAGT-3’andforthe CYP6CY13
gene, 5-AGGAAAGCAAACGTGCCTCA-3],
reverse: 5-GAATCCGTGGTCCGTGAAGT-3’ primers were
designed. Asthehousekeepinggene, thisstudyused the f8-actin
gene, forward 5-AGCTCTATTCCAACCTTCCTTCT-3;
B-actin reverse 5- TGTATGTAGTCTCGTGGATACCG-3..
In the classical PCR experiment, the primers were tested by
using a One-Step RT-PCR kit (ThermoFisher Scientific One-
Step RT-PCR Kit, USA), and band widths were determined.
In the classical PCR process, there were one cycle of 15 min
at 50 °C, one cycle of 15 min at 95 °C, 40 cycles of 15 s at 95
°C, waiting time of 30 s at 59 °C and another 30 s at 72 °C. The

real-time PCR process was carried out with 3 replications

forward:

for each gene in each population by using One-Step qRT-
PCR kit (ThermoFisher Scientific, One-Step qRT-PCR Kkit,
USA) the Ct values were determined, and these values are
taken into analysis by taking the average of 3 replications. In
order to confirm the specificity of the real-time reactions, a
melting curve cycle was applied. The same temperature table
was used in the RT-PCR process. The melting curve program
included a cycle of 30 s at 95 °C, a cycle of 10 s at 60 °C and
a waiting time of 10 s at 60 °C. The relative activity levels of
the CYP6CY22 and CYP6CY13 genes were determined by
making AACt calculations based on the reference population
by taking the average of the obtained Ct values (Livak and
Schmittgen 2001).

RESULTS AND DISCUSSION

Enzyme assays and gene expression analyses were carried
out on A. gossypii populations that were collected from
different locations in the province of Adana. As a result of
the analyses, higher levels of AChE, GSTs and cytochrome
P450 activities were observed in all the collected populations
in comparison not the reference population. The highest
AChE activity was seen in the Ciftlikler population (0.82 U/
ml), while this was followed by the Hamitbey population
(0.62 U/ml). The lowest activity was observed in the Akyuva
population (0.34 U/ml). 5.9 times more AChE activity was

observed in comparison to the reference population (Table
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1). In parallel with these results, another study that was
carried out in this region found 6.5 times more AChE activity
in comparison to the reference population for A. gossypii
populations (Ulusoy et al. 2018, Velioglu et al. 2008). As in
the cases of AChE enzyme activity levels, the highest GST
enzyme activities were found in the Ciftlikler population
(2.68 U/ml) and Hamitbey population (2.33 U/ml). 4.3 times
higher GST enzyme activity was observed in comparison
to the reference population. The weakest GST activity
was found in the Akyuva population (1.05 U/ml) (Table
1). Likewise, it was reported that, 3.3 times more enzyme
activity was found in the neonicotinoid-resistant A. gossypii
populations in the province of Adana in 2016 (Ulusoy et al.
2018). These results provide evidence that these populations
have metabolic resistance still in this region. Previous studies
reported that the general levels of esterase and GST activities
may be higher in populations that are resistant against the
insecticides in the groups of organophosphates, carbamates
and pyrethroids (Devonshire and Moores 1982, Hemingway
and Georghiou 1984, Rauch and Nauen 2003). Especially the
Cukurova region is an agricultural production area where
there is a widespread usage of insecticides from different
groups in the agricultural fields where polyculture agriculture
activities including vegetables, fruits and cotton are carried
out. Although different agricultural products are grown,
these agricultural fields are almost intertwined. Therefore,
considering that A. gossypii is a polyphagous species and is
exposed to substantial amounts of insecticides with different
effect mechanisms such as organophosphates, carbamates,
pyrethroids and neonicotinoids, it is inevitable to consider
a metabolic resistance. The observation of cytochrome P450
enzyme activities revealed the highest enzyme activity in the
Hamitbey population (0.74 U/ml) followed by the Solakli
population (0.64 U/ml), while the lowest activity was found
in the Korkuyu population (0.29 U/ml). The Hamitbey
population showed 4.3 times higher enzyme activity in
comparison to the reference population (Table 1). A similar
study that was carried out in this region also reported higher
cytochrome P450 enzyme activity (Ulusoy et al. 2018).

In the study, RT-PCR analysis was carried out to observe
A. gossypii’s cytochrome P450 CYP6CY13, CYP6CY22 and
f-actin genes in agarose-gel (Figure 1). When the gene
expression of cytochrome P450 CYP6CY13 and CYP6CY22
were analyzed by RT-PCR, higher relative activities were
recorded in comparison to the reference population (Figure
2). The relative activity levels of the CYP6CY22 gene were
81.9 higher in the Hamitbey population and 46.3 times higher
in the Solakli population. The highest relative activity level of
the CYP6CY13 gene was found in the Gazipasa population
(6 times) (Figure 2). The relative activity levels of both genes
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Figure 1. Aphis gossypii CYP6CY13, CYP6CY22 and 8-actin
genes RT PCR agarose gel electrophrosesis photograph.
M: 100 bp ladder, 1. Negative control, 2. 8-actin: 60 bp, 3.
CYP6CY13: 234 bp 4. CYP6CY22: 326 bp

RELATIVE EXPRESSION LEVEL OF CYP6CY13, CYP6CY22
R/S

=CYP6CY13 = CYP6CY22

100,000
90,000
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Figure 2. Cytocrome P450 CYP6CY13 and CYP6CY22
genes relative expression levels of Aphis gossypii populations
(R/S: resistant population/susceptiple population)

were found to be higher in comparison to the reference.
Hirata et al. (2017) reported 45 times higher relative activity
in the CYP6CY13 and CYP6CY22 genes of thiamethoxam-
resistant A. gossypii individuals in comparison to the
reference individuals. The finding of a study that was carried
out in 2016 in this region on the presence of thiamethoxam-
resistant A. gossypii populations supports the finding of high
relative activity levels (Ulusoy et al. 2018). Previous studies
conducted in the Eastern Mediterranean Region reported
resistance against neonicotinoids in A. gossypii in the cotton
production fields especially in the year 2016 (Ulusoy et al.
2018). Previous studies stated that especially the activity of
the P450 enzyme group was effective in the development of
such resistance (Rauch and Nauen 2003, Scott 1999, Zhao
et al. 2014). Additionally, studies have demonstrated that,
as well as the presence of mutations in resistance against

neonicotinoid insecticides, the metabolic activity and gene
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Table 1. Acetylcholin esterase (AChE), glutathione S-transferase (GTS), cytochrome P450 monooxygenase (P450) enzyme

activities of resistant and susceptible A. gossypii populations collected from Cukurova region

Population AChE U/ml
Gazipasa 0.52 £ 0.04c
Solakli 0.57 +0.08cd
Korkuyu 0.45+ 0.12bc
Akyuva 0.34+0.06b
Ciftlikler 0.82+0.05e
Hamitbey 0.67+0.02 d
Susceptible 0.14+0.05 a

GSTs U/ml Cytochrome  P450
U/ml
1.63+0.73bc 0.45+0.12bcd
1.72+0.38bc 0.64+0.14de
1.40+0.7b 0.29+0.12ab
1.05+0.06b 0.524+0.07cd
2.68+0.28d 0.39+0.06bc
2.33+0.33cd 0.74+0.14e
0.63+0.06a 0.15+0.12a

a, b, ¢, d,e - Duncan’s multiple range test (p< 0.05)

expressions of the P450 group were also higher (Hirata et al.
2017, Nauen et al. 2008, Wang et al. 2009, Wu et al. 2018).
While the CYP4, -6, -9, and -12 gene family in insects plays
arole in the biological detoxification process, it was reported
that the CYP4 and CYP6 subfamilies were the most effective
members in the xenobiotic mechanism and observation of
resistance (Berenbaum 2002, Li et al. 2007). Consequently,
this study showed that the samples that were collected from
locations of the cotton production fields in the province
of Adana in 2018 were highly exposed to insecticides, and
there was an increased metabolic resistance. The high levels
of the AChE, GST and cytochrome P450 enzyme activities
that were observed in the collected A. gossypii populations
supported the development of resistance. Additionally, as
shown by the total RNA and RT-PCR analyses, in parallel
with cytochrome P450 activity, the expression levels of the
CYP6CY13 and CYP6CY22 genes were also higher. The
presence of increased metabolic resistance was observed in
an accelerating manner considering the results of previous
studies on resistance against insecticides in the neonicotinoid
group in the Cukurova region. It was also revealed that there
might be a development of resistance caused by cytochrome
P450.

These days, the discovery and development of new
insecticides is very difficult and costly task. Therefore,
strategies that slow down the rapid development of resistance
to new and existing insecticides need to be implemented in
all agricultural environments (Sparks and Nauen 2015). If
insecticide resistance management (IRM) is not seriously
taken into account in pest control, the development of

resistance will be inevitable. The basis of an IRM strategy is
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reduce selection pressure and avoiding selection of resistance
mechanisms (Bielza 2008). The repeated use of the same
insecticide compounds of the same modes of action over
many generations is cause insecticide resistance development.
An Integrated Pest Management (IPM) strategies, cultural
control (proper watering and fertilization, sanitation, weed
removal, crop rotation), biological control (use of predators,
parasitoids and pathogens), and genetic control (host
plant resistance) should not be ignored (Biondi et al. 2018,
Guedes and Pican¢o 2012). The use of one or more of these
alternative strategies may reduce the need for insecticides,
thus decreasing the selection pressure on pest population. In
the light of these results, it was shown that the insecticide-
based control against A. gossypii should be reevaluated in
the cotton field in the Cukurova region. Consequently, in
the management of A. gosyypii, it is necessary to take a more
conscious and serious approach by considering the IRM and

IPM strategies again.
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OZET

Polifag bir tir olan Aphis gossypii Glover, 1877 (Hemiptera:
Aphididae)

zararhilarindandir. Cukurova bolgesi polikiiltiir tarimin

tim diinyada pamuk bitkisinin ana
yapildig1 bir bolgedir. Bu bolgede pamuk ekim alanlarinda
A. gossypii miicadelesinde neonikotinoid grubu insektisitler

yogun bir sekilde kullanilmakta olup, diren¢ problemi ile



Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (1) : 41-47

karsilagilmaktadir. Calismada 2018 yili, Adana ili pamuk
alanlarindan toplanmuig alt1 farkli A. gossypii popiilasyonu
sitokrom P450 (CYP)ye ait CYP6CY22 ile CYP6CY13
sitokrom P450,
asetilkolin esteraz (AChE) ve glutathion S-transferaz

genleri relatif ekspresyon diizeyleri,
(GST) enzim etkinlikleri belirlenmistir. Hassasa oranla
Hamitbey popiilasyonunda CYP6CY22 geni 81.9 kat ve
Gazipaga popiilasyonunda CYP6CY13 geni 6 kat daha
fazla gen regiilasyonu belirlenmigtir. Ayrica Hamitbey
popiilasyonunda 4.3 (0.74 U/ml) kat daha fazla sitokrom P450
enzim aktivitesi saptanmigtir. Ciftlikler popiilasyonunda 5.9
kat AChE (0.82 U/ml) ve 4.3 kat daha fazla GST (2.68 U/
ml) aktivitesi gézlenmistir. Yapilan analizlerde A. gosyypii
popiilasyonlarinin yogun sekilde insektisitlere maruz kaldigt
saptanmigtir. Sonug olarak, asir1 gen ekspresyonu ve yiiksek
diizeydeki enzim etkinlikleri, sitokrom P450 aktivitesine

dayanan metabolik direncin varligini ortaya koymustur.

Anahtar kelimeler: Aphis gossypii, pamuk, sitokrom P450,

asir1 ekspresyon
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Onion (Allium cepa L.) has a high economic value in Turkey and it is widely
used as main ingredient in Turkish menus. During 2018, 25% of 1.930.695 tons
onion production in Turkey was produced in Ankara province. Recently, virus-
like symptoms had been observed on onion fields but so far there was no study
on onion viral diseases in Ankara province. Leek yellow stripe virus (LYSV)
mainly infects leek (Allium ampeloprasum L.) but also infects and potentially
causes yield reduction on onion. In August 2018, 45 onion samples show typical
viral infection symptoms such as leaf stripes, leaf malformation, yellowing, and
dwarfing and six leek samples showing severe yellow leaf stripe were collected
from fields in Ankara province. 6 onion and 2 leek samples were positive to LYSV
infection in DAS-ELISA. Total nucleic acid was then extracted from samples
to be used in RT-PCR using a pair of specific primer to amplify a fragment of
LYSV CP region. 6 onion and 2 leek samples were also positive in the RT-PCR
by forming specific bands of 1020 bp on agarose gel. The remaining samples did
not produce any band on agarose gel, thus were evaluated as negative for LYSV
infection. Phylogenetic analysis showed that LYSV Ankara isolates were most
similar to isolates from Serbia, Argentina and Germany. This study confirmed

LYSV infection in onion and leek for the first time in Ankara province, Turkey.

INTRODUCTION

Onion (Allium cepa L.) and leek (Allium ampeloprasum L.)
are among the most economically important vegetables
cultivated in many regions in the world, including in Turkey,
where these Allium species are inseparable main ingredient
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used in many Turkish menus. During 2018, 510.414 tons of
onions were produced in Ankara province, which accounted
for about 25% of the total onion produced in Turkey. Three
hundred sixty-two tons of leeks were also produced in
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Ankara province during the same time (TUIK 2019).

Two Potyviruses; Onion yellow dwarfvirus (OYDV) and Leek
yellow stripe virus (LYSV) are commonly found infecting
Allium spp. around the world and potentially causes yield
loss on onion (Bos 1983, Elnagar et al. 2011, Lot et al. 1998,
Ward et al. 2009). Although rarely detected on Allium spp.,
the wide host range Cucumber mosaic virus (CMV) was
identified on garlic crops planted in East Mediterranean of
Turkey and possibly infecting Allium spp. in other regions of
Turkey (Fidan 2010). ELISA and RT-PCR have been routinely
used as rapid and accurate methods in the detection of onion
viruses (Fajardo et al. 2001, Tuzlali et al. 2016).

LYSV is transmitted mainly by several aphid species, such as
Aphis fabae and Myzus persicae, as non-persistent manner,
but can also be transmitted mechanically (Brunt et al. 1996,
Lunello et al. 2002). The only open reading frame (ORF)
in LYSV genome potentially encodes a polyprotein which
includes NIa-Pro (nuclear inclusion a - proteinase), Nib
(nuclear inclusion b), VPg (viral protein genome linked) and
CP (coat protein) (Adams et al. 2005). CP gene of LYSV was
observed to be around 864 bp and encodes a protein with
around 288 amino acids (Gupta et al. 2017). In Turkey, LYSV
was identified for the first time from infected leek samples
that were collected in Marmara region (Korkmaz and Cevik
2009). Since then, it has been reported to infect onion, leek
and other Allium spp. cultivated in East Mediterranean,
Amasya province, and South Marmara region of Turkey
(Fidan 2010, Fidan and Baloglu 2009, Sevik and Akcura
2013, Tuzlal 2018). Although Ankara is one of main onion
producing area, there was no study about virus diseases on
onion and leek conducted in this province so far. Therefore,
viral symptomatic onion and leek samples were collected
from fields in Ankara province and then tested by serological
and molecular methods to detect virus infection on them

and determine their infection rate.

MATERIALS AND METHODS
Samples collection

In August 2018, 34 samples were taken from Polath and
11 samples were taken from Haymana districts of Ankara
province for a total of 45 onion samples. In addition, six
leek samples were also taken from Polath district. The onion
samples showed typical viral infection symptoms such as leaf
stripes, leaf malformation, yellowing, and dwarfing; and six
leek samples showing yellow leaf stripes. The presence of any
aphid species in onion fields was also searched during field
trips.

DAS-ELISA
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Serological test using DAS-ELISA kit specific for each
LYSV, OYDV and CMV detection was performed according
to the manufacturer instructions (Bioreba, Switzerland).
Absorbance values were measured at 405nm (A, ) using
ELx808TM microplate reader (BioTek Instruments, Inc.,

USA). A sample was considered positive if A, _ of the sample

405
at least two times that of negative control. All samples were
then tested by RT-PCR only against viruses that gave positive
results in DAS-ELISA for confirmation and to obtain some
of their nucleotide sequences to be used in phylogenetic

analyses.
Total nucleic acid extraction and RT-PCR

Total nucleic acid was extracted from samples following
procedure based on tris-EDTA buffer (Presting et al. 1995).
100-200 mg sample was ground in 1.5 ml extraction buffer
(100 mM tris, pH 8.0, 50 mM EDTA, 500 mM NaCl, 10 mM
2-mercaptoethanol) then was placed into 2 ml tube. Plant
extract was then centrifuged at 4.000 rpm, 3 min. 600 ml of
plant suspension was then transferred into new 1.5 ml tube,
70 ul of 10% SDS was added then put in 65 °C for 10 min.
After that, 200 ul 5 M potassium acetate was added then
tube was put in ice for 30 min. The tube then centrifuged at
10.000 rpm, 10 min, 600 ml of suspension was then removed
into new 1.5 ml tube. 300 pl cool isopropanol was added
into the suspension then placed in ice for 25-30 min. The
tube then centrifuged at 10.000 rpm, 10 min, and then the
suspension was thrown away. 500 ul cool 70% ethyl alcohol
was pipetted to the pellet then centrifuged twice at 10.000
rpm, for 2 and 10 min respectively. Ethyl alcohol was thrown
away; tube was then dried on paper tissue for 10 min. 30
ul nuclease free water then added to the pellet. Total RNA
was then measured using spectrophotometer (Nanodrop
2000, Thermo Fisher Scientific, USA). Extracted nucleic
acids were then used in RT-PCR using a pair of specific
primer, F-5" TCACTGCATATGCGCACCAT 3’ and R-5'
GCACCATACAGTGAATTGAG 3' to amplify a 1020 bp
fragment of LYSV coat protein region (Fajardo et al. 2001).

All of samples were tested using two-step RT-PCR. The
procedure to perform RT was done according to Thermo
Fisher Scientific (USA) protocols. RT was done in a total
volume of 20 pl containing 500-600 ng/ul total RNA, 1 ul (100
pmol/ul) random hexamer primer (Sentegen, Turkey), 2 pl
dNTPs (10 mM) (GeneAll, South Korea), 4 pul RT buffer (250
mM tris-HCI (pH 8.3 at 25 °C), 250 mM KCI, 20 mM MgClz,
50 mM DTT) (Thermo Fisher Scientific, USA), 0.25 pl (40
U/ul) RNase Inhibitor (GeneAll, South Korea), 0.5 ul (200
U/ul) Reverse transcriptase (Thermo Fisher Scientific, USA)
and Nuclease-free water. PCR was performed in a reaction
volume of 25 pl which contains 2 pul ¢cDNA, 1 pl MgCl,
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(25 mM), 0.6 pl of each primer (100 pmol/pl) (Oligomer
Biyoteknoloji, Turkey), 0.8 ul dNTPs (10mM) (GeneAll,
South Korea), 2.5 ul PCR buffer (GeneDirex, Taiwan), 0.3
ul Taq DNA polymerase (5 U/pl) (GeneDirex, Taiwan) and
17.2 ul Nuclease-free water. PCR cycles were carried out
using thermocycler (Biometra, Germany), with cycles as
follows: initial denaturation at 94 °C for 5 min; 35 cycles of
94 °C for 60 s, 50 °C for 60 s and 72 °C for 60 s, and a final
extension of 72 °C for 7 min (Fajardo et al. 2001). Products
were visualized on a 1% (w/v) tris-acetate agarose gel stained
with ethidium bromide. One of LYSV isolated from onions
(LYSV-12.6Po) and 2 isolated from leek samples (LYSV-
Ankara-Leekl and LYSV-Ankara-Leek2) were sequenced
then obtained nucleotide sequences were published in NCBI
GenBank.

Host range characterization

LYSV isolated from 2 leek (LYSV-Ankara-Leekl and LYSV-
Ankara-Leek2) and one of onion samples (LYSV-12.6Po)
were mechanically inoculated to two onion, leek and garlic
plants to find out their ability to infect those species. Each
gram of leaf samples were ground using mortar and pestle in
5 ml of 0.01 M Potassium phosphate buffer (pH 7) to create
plant sap. Leaves of onion, leek and garlic were dusted with
abrasive-celite then rubbed with plant sap using forefinger.
The inoculated plants were then rinsed with distilled
water and kept in the greenhouse at 25-27 °C (Hill 1984).
Symptoms expression were examined during a period of
four to five weeks after inoculation. The infection on the

inoculated plants were confirmed by RT-PCR.
Phylogenetic analyses of LYSV Ankara isolates

The nucleotide sequence of partial coat protein (CP)
gene of one LYSV isolate infecting onion (accession no.
MN070127) and two LYSV isolates infecting leek (accession
no. MN070132 and MN070133) in Ankara were compared
with other isolates from around the world that were obtained
from NCBI GenBank. Homologus genes were searched
using BLAST program which is available in NCBI website.
All sequences were aligned together by ClustalW version
1.6 with default parameters. Similarity percentage among
isolates (identity matrix) was calculated using Sequence
Demarcation Tool (SDT) v1.2 software (Muhire et al. 2014).
A phylogenetic tree was built using maximum-likelihood
algorithm on MEGA?7 software (megasoftware.net) (Kumar
et al. 2016). Tamura-Nei parameter with 1000 bootstrap
replicates was used to test the significance of isolate clusters
statistically (Tamura and Nei 1993).

MEGA?7 software was also employed in the evolutionary

analyses of genetic distance and diversity among isolates
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compared in this study. Tamura-Nei parameter was applied
as statistical model in the analysis. Standard error (S.E.) of
the analysis was determined the mean evolutionary distances
using 1000 bootstrap replicates (Tamura and Nei 1993). The
values of within group, between groups and overall, as well as
values of mean evolutionary diversity within subpopulations,
interpopulation, entire population, and also of evolutionary
differentiation coeflicient were calculated by the number of
base substitutions per site using the nucleotide sequences.
The evolutionary distances and diversity analyses included
both transitional and transversional substitutions for each
sequence pair, with gaps/missing data were completely

removed (Kumar et al. 2016).

RESULTS

Six onions and two of leek samples were positive to LYSV
infection in DAS-ELISA test. All samples were negative
to OYDV and CMV. The six onions and two leek samples
positive to LYSV in DAS-ELISA were also gave positive
results in RT-PCR by formed specific bands of 1020 bp
on agarose gel following electrophoresis (Figure 1). The
remaining onion samples did not form any band on agarose

gel, thus concluded as negative to LYSV infection.

= 1020 bp

Figure 1. RT-PCR amplification result of 1020 bp fragment
of LYSV coat protein region. Onion isolates no. LYSV-4.3Po,
LYSV-12.3Po, LYSV-12.6Po, LYSV-12.8Po, LYSV-20.2Po,
LYSV-20.6Po (c, d, f, g, h, i), and leek isolates no. LYSV-
Ankara-Leekl and LYSV-Ankara-Leek2 (k, 1) were positive
to LYSV infection. Onion samples no. 1.3Hy, 2.2Hy, 2.7Po,
4.5Po (a, b, e, j) were included as samples negative to LYSV
infection. Negative control (m). 100 bp marker (GeneDirex,

Taiwan)

The name LYSV-4.3Po, LYSV-12.3Po, LYSV-12.6Po, LYSV-
12.8Po, LYSV-20.2Po and LYSV-20.6Po were assigned to each
LYSV isolated from onion, whereas LYSV-Ankara-Leekl and
LYSV-Ankara-Leek2 were assigned to each LYSV isolated
from leek. The naming was based on the field number
where sample were collected and the sample number. Po
stands for “Polatl’” since they were taken from this district.
NCBI GenBank accession no. MN070127, MN070132 and
MNO070133 were obtained for isolates no. LYSV-12.6Po,
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LYSV-Ankara-Leekl and LYSV-Ankara-Leek2 respectively.
LYSV infected leeks showing typical yellow stripes symptom
while infected onions showed different symptoms such as

leaf malformation, leaf stripes and leaf yellowing (Figure 2).

Figure 2. Symptoms on onion and leek infected with
LYSV. A) Leaf stripes on onion, B) leaf malformation and
yellowing on onion, C) severe leaf malformation on onion,

D) yellow leaf stripes on leek

Under greenhouse condition, inoculation of LYSV-12.6Po
produced leaf malformation and yellowing symptoms on
onion, mild yellow stripes and yellowing on leek, and mild
mosaic on garlic. Whereas, inoculation of LYSV-Ankara-
Leekl and LYSV-Ankara-Leek2 produced yellowing on
onion, yellow stripes on leek, and mosaic symptoms on
garlic. Infections on all inoculated plants were confirmed
by RT-PCR (Table 1). These results concluded that isolates
no. LYSV-12.6Po, LYSV-Ankara-Leekl and LYSV-Ankara-
Leek2 were able to infect onion, leek and garlic. Calculation
by SDT v1.2 software showed that the three LYSV Ankara

isolates shared 95.1-99.1% similarities among themselves
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and 78.2-96.8% similarities to isolates from other countries.
A Serbian isolate (KR075504) had the highest similarities
(94.8-96.8%) and an isolate from China (AJ409307) had the
lowest similarities (78.2-78.7%) to Ankara isolates based
on partial CP gene sequences comparison. The constructed
phylogenetic tree revealed that isolates that were analysed in
this study were divided into two groups: 1 and 2. The three
LYSV Ankara isolates together with isolates from Serbia,
Germany, the Netherlands, Czech, Italy, Japan and Argentina
belong to group 1. Group 2 consisted of isolates belong to
Asia Pacific countries such as China, India, Australia, New
Zealand, and Mexico (Figure 3).

ogp I MNO70132 AnkaraTurkey leak
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FBIT1 Germany

AYDOTE93 Angentina

B MNOF0127 AnkaraTurkey onion
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Figure 3. Maximum-likelihood tree based on analysis
of partial nucleotide sequences of coat protein (CP)
coding region of three LYSV ankara isolates (MN070127,
MNO070132, and MN070133) and 20 isolates from different
countries. The compared isolates were clustered into two
groups (1 and 2). An Indian isolate of Chilli veinal mottle
virus (ChiVMV) was used as outer group

Analyses of evolutionary distances revealed that the
mean evolutionary distance value of group 1 and 2 were
0.140+0.012 and 0.249+0.017 respectively, with an overall
value of 0.239+0.016 for all tested isolates. Mean evolutionary
distance between group 1 and 2 was 0.307+0.022. Mean
evolutionary  diversity ~within subpopulations value
(0.194+0.012) was higher than that of interpopulation

(0.044+0.006) in the genetic evolutionary analysis. Whereas,
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Table 1. Isolates of LYSV infecting onion and leek in Ankara that were identified in this study

Sample no. District Symptoms ELISA RT-PCR
1.10Po Polathi Leaf malformation, yellowing + +
2.1Po Polath Leaf malformation, yellowing + +
2.3Po Polathi Leaf malformation + +
2.8Po Polath Leaf malformation + +
3.6Po Polath Yellow leaf stripes + +
4.4Po Polath Yellowing, leaf necrosis + +
1. Leek Polatl Yellow leaf stripes + +
2. Leek Polath Yellow leaf stripes + +

+ = Positive to LYSV infection

the mean evolutionary diversity value of all population was
0.239+0.015 and the evolutionary differentiation coefficient
was determined to be 0.185+0.021.

DISCUSSION

Leek production in Ankara province was negligible
compared to onion (TUIK 2019). Therefore, in this study we
focused mainly on the detection of viruses on onion crops.
However, we also took six symptomatic leek samples that we
came across during our field trips as additional data for our
study since leek is LYSV main host. OYDV and CMV were
not detected in any samples during screening by DAS-ELISA.
So, RT-PCR was only performed on all samples against LYSV.
Previous studies identified OYDV and CMV on Allium
species cultivated in other regions of Turkey (Fidan 2010,
Sevik and Akcura 2013, Tuzlali et al. 2016).

With a low infection rate of around 13.3%, it can be suggested
that LYSV was not widespread among onions cultivated in
Ankara. There were no aphid vectors found in fields during
our survey. Onion aphid (Neotoxoptera formosana) has not
been reported in Turkey (CABI 2001). Besides that, onion
fields in Ankara, in general, are routinely sprayed with
insecticides since it is considered a high value crop. LYSV
is not known to be a seedborne virus (Bos et al. 1978).
Therefore, the low LYSV infection rate could most likely be
attributed to the absence of aphid vectors on fields that limit
the spread of LYSV. Low LYSV infection rates on onions were
also reported on surveys in other regions of Turkey and other
countries (Dovas and Vovlas 2003, Fidan 2010, Sevik and
Akcura 2013, Vucurovi¢ et al. 2017). However, infection rate
of 60.1% was observed in Tehran region of Iran (Shahraeen
et al. 2008).
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All of positive samples were collected from Polath district.
Besides that, both of positive leek samples were also taken
from Polatli. These results gave impression that LYSV is
spread more in Polatli than Haymana. However, this data
was probably normal since 65% of onion in Ankara was
actually cultivated in Polatli and most of our samples were
taken from this district. Some of onion cultivars planted by
farmers in Haymana might have some resistance or tolerance
to LYSV since there was different onion types planted in both
districts. Onion planted in Haymana were mostly ‘Red bulbs’
type, while in Polatli were ‘White bulbs’ type. Resistant onion
cultivars could also be one of reasons for low LYSV infection
rate in this study. If so, the use of resistant or tolerant cultivars

can be applied in the management of the virus.

Different garlic (Allium sativum L.) cultivars had been known
to produce different symptoms upon infection by LYSV (Lot
et al. 1998). So, the diverse symptoms on infected onion
probably were also due to response of different cultivars to
the virus. Viral like symptoms on negative samples probably
were caused by other pathogen infection such as Aster
yellows phytoplasma (Khadhair et al. 2002). Nutritional
deficiency also sometimes produced viral-like symptoms on

onions (Thangasamy et al. 2018).

Identity matrix and the maximum-likelihood tree analyses of
partial LYSV CP gene revealed that LYSV Ankara isolates are
more closely related to LYSV isolates from Argentina, Japan,
and European countries (Serbia, Germany, the Netherlands,
Czech and Italy) than those from Asia Pacific countries such
as China, India, Australia and New Zealand. These results
showed that there was more genetic interchange among

LYSV Ankara isolates and isolates from European countries
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which located closer to Turkey than Asia Pacific countries.
Japanese isolates used in this study probably were originated
from European regions instead of the much closer Asia
regions since they are more similar to European isolates.
Whereas, one isolate from Mexico are more similar to Asia
Pacific isolates and probably was introduced from these

regions (Figure 3).

Among all compared isolates, LYSV isolates from Serbia
(KR075504), Argentina (AY007693) and Germany (X89711)
had the highest homology (93.2-96.8%) to LYSV Ankara
isolates. The Serbian isolate (277-13), Argentines isolate
(LYSV-L-Arg) and Dutch isolate (no isolate name) were
all isolated from leek and had also been reported to have
high nucleotide identity to each other by previous analyses
(Lunello et al. 2002, Vulurovi¢ et al. 2016). LYSV isolates
and strains were shown to have different capability to infect
Allium species (Lunello et al. 2002, Van Dijk 1993). A LYSV
isolated from garlic (LYSV-G) was examined to be very
difficult to infect leek, while LYSV-L-Arg had been observed
to have some difficulty to infect onion but easily infect leek
and garlic (Lunello et al. 2002). All three Ankara isolates
infected onion, leek and garlic by mechanical inoculation
based on our study result. This finding indicated that LYSV-
12.6Po, LYSV-Ankara-Leekl and LYSV-Ankara-Leek2 were
not only similar in nucleotide identity but also biologically
similar to LYSV-L-Arg (AY007693). LYSV infecting onions
and garlics were also reported from other regions of Turkey
(Fidan 2010, Sevik and Akcura 2013). This could be an
indication that some LYSV isolates in Turkey might have
similar biological properties to Ankara isolates and LYSV-
L-Arg which capable to infect leek, onion and garlic rather
easily. Unfortunately, there is no information regarding
nucleotide sequences of LYSV isolates from other regions
of Turkey available in NCBI GenBank, thus their homology
analysis against Ankara isolates is still not possible to be done

up to now.

Analyses of evolutionary distances results suggested that
LYSV isolates in group 1 (including Ankara isolates) were
highly similar to each other; whilst isolates belong to group
2 had lower similarity among them. Isolates clustered in
group 1 had relatively low similarity to isolates in group
2. LYSV isolates examined in these phylogenetic analyses
came from various countries in the world and they have
rather high diversity in the CP gene sequence and rapid
evolutionary differentiation among them based on analyses
of evolutionary diversity. These findings were supported
by identity matrix study that found a high (18%) diversity
in partial CP gene sequences of all LYSV isolates analyzed,
which means that they are relatively low conserved. However,
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since they were taken from nearby areas, the partial CP gene
sequences of LYSV Ankara isolates were shown to be much

more conserved, with only 4% diversity.

The results of this study confirmed for the first time LYSV
infection on onion and leek in Ankara province, Turkey.
LYSV Ankara isolates are most closely related to isolates from
Serbia, Argentina and Germany based on analysis of partial
CP gene. Onion cultivars that commonly planted in Turkey

are necessary to be tested for their resistance against LYSV.
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OZET

Sogan (Allium cepa L.) Turkiyede yiiksek derecede ekonomik
o6neme sahip olup, Tirk meniilerinde yaygin olarak
kullanilmaktadir. 2018 yilinda 1.930.695 tonluk Tirkiye
tiretiminin %25’i Ankarada yapilmustir. Son yillarda sogan
tarlalarinda virus benzeri belirtiler gozlenmis ancak Ankara
bolgesinde sogan virus hastaliklar1 {izerine bir ¢alisma
yapilmamigtir. Leek yellow stripe virus (LYSV) esas olarak
pirasayt (Allium ampeloprasum L.) enfekte etmekle birlikte
sogani da hastalandirmakta ve verim diisiikligiine de neden
olmaktadir. 2018 yili Agustos ayinda, tipik viriis belirtisi,
ornegin yaprakta seritler, yaprak deformasyonu, sararma ve
ciicelesme belirtileri gosteren 45 sogan 6rnegi ve yapraklarda
siddetli sar1 ¢izgi belirtisi tastyan 6 pirasa 6rnegi tarladan
toplanmustir. 45 sogan 6rneginin 6 tanesi, 6 pirasa 6rneginin
2 tanesi DAS-ELISA caligmalarinda LYSV’ye kars1 pozitif
sonug vermistir. Orneklerden elde edilen toplam niikleik asit
RT-PCRda LYSV’ye kars: gelistirilen ortii proteinine spesifik
primerlerle amplifiye edilmistir. 6 sogan ve 2 pirasa 6rnegi
RT-PCR ¢alismalarinda da pozitif sonu¢ vermis ve agarose
jelde 1020 bp biuytkliginde bir bant olusturmuslardir.
Diger ornekler agarose jelde bir bant olusturmamis
ve bunlar LYSV enfeksiyonu agisindan negatif olarak
degerlendirilmislerdir. Yapilan filogenetik analiz sonucunda
LYSV Ankara izolatlarinin Sirbistan, Arjantin ve Almanya
izolatlar1 ile benzerlik gosterdigi gortilmistiir. Bu aragtirma
ile LYSV enfeksiyonu Ankara ilinde ilk olarak kanitlanmig

bulunmaktadir.

Anahtar kelimeler: sogan, pirasa, LYSV, Ankara
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Mycoviruses can infect many fungi and some may cause hypovirulence, which is
a common phenomenon used in the biological control of certain fungal diseases
of the plants. The most successful example regarding the use of mycoviruses and
hypovirulent strains in biological control is the chestnut blight. In this study, the
isolates of fungi, namely Phomopsis viticola from grapevine, Verticillium dahliae
from cotton and olive, Rhizoctonia solani from cotton and Leucostoma spp.,
from cherry were screened for the presence of dsRNA mycoviruses. Isolation
of dsRNAs was performed and dsRNA bands were analyzed by agarose gel
electrophoresis. Putative dsSRNA bands were detected in eight of 80 P. viticola
isolates from grapevine, one of 50 V. dahliae isolates from olive, three of 50 V.
dahliae isolates from cotton, six of 50 R. solani isolates from cotton and three of
50 Leucostoma spp., isolates from cherry. The estimated molecular sizes of the
dsRNAs ranged from approximately 12.0 to 20.0 kb.

INTRODUCTION

Mycoviruses are viruses that can cause infection in fungi.
They replicate in the fungal cell and are transmitted
intracellularly during cell division, sporogenesis and/or
hyphal anastomosis. Mycoviruses lack an extracellular stage
and are always associated with infection in the hosts. Since
the first report of mycoviruses in Agaricus bisporus (Son
et al. 2015) in 1962, a large number of the mycoviruses
belonging to various virus families such as Hypoviridae,
Reoviridae,  Totiviridae, =~ Chrysoviridae,  Partitiviridae,

Megabirnaviridae, and Quadriviridae have been identified.
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Some mycoviruses are symptomless; however, some of them
can cause significant alterations in the morphology and/
or the behaviors of the fungus. As an example, Hypoviruses
that are members of Hypoviridae can cause attenuation
in fungal virulence (hypovirulence) along with reduced
asexual spore (conidium) production and pigmentation
(Son et al. 2015, Xie et al. 2014). Certain dsRNA viruses
found in fungi were associated with hypovirulence and
they were recommended as biological control agents in

the management of several plant fungal diseases. The most
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Table 1. Numbers of collected plant samples and obtained fungal isolates from host plants in the Aegean Region of Turkey

. Number of Number of obtained
Fungal agents Province Host plants .
samples isolates

Phomopsis viticola [zmir, Manisa grapevine 86 80

Verticillium dahliae Aydin olive 80 50

Verticillium dahliae Aydin cotton 100 50

Rhizoctonia solani Aydin cotton 150 50
[zmir, Denizli,

Leucostoma spp. . cherry 50 50
Manisa, Aydin

Total 466 280

successful example among the disease controlled by the use
of hypovirulence is chestnut blight, which is caused by an
Ascomycete fungus, Cryphonectria parasitica. Hypovirulent
strains are known as special forms of C. parasitica exhibiting
reduced virulence as a result of infection by several dsRNA
viruses (CHV-1, CHV-2, CHV-3 and CHV-4). The cankers
which are caused by these strains are described non-lethal
superficial cracks and sketchy wounds, which is defined as
hypovirulent type canker. Hypoviruses can be transmitted
cytoplasmically from hypovirulent strains to virulent strains
by hyphal anastomosis. This feature of the hypoviruses
provides the basis for biological control practices which may
result in conversion of the lethal cankers into hypovirulent
ones, thus the blighted tree eventually recovers. Mycoviruses
have been detected in all of the major phyla of fungi,
including the Chytridiomycota, Zygomycota, Ascomycota,
Deuteromycota, and Basidiomycota. Some economically
important fungal plant pathogens were reported to be the
host for mycoviruses, such as Cryphonectria parasitica
in chestnut, Phomopsis longicolla in soybeans, Phomopsis
vexans in eggplant, Leucostoma persoonii in peach, Diaporthe
ambigua in apple, Verticillium dahliae and Rhizoctonia solani
in cotton, rice, soybeans, and sugarbeets (Bharathan et al.
2005, Canizares et al. 2015, Cao et al. 2011, Koloniuk et al.
2014, Preisig et al. 2000, Zhang et al. 2015). Most mycoviruses
were well characterized in terms of their particule
morphology and genomic characteristics. According to the
most recent reports, more than 250 mycoviruses have been
sequenced and registered in the NCBI (National Center for
Biotechnology Information) database (Abbas 2016, Xie et al.
2014). Mycoviruses usually have isometric particles, 25-50
nm diameters, and contain segmented or non-segmented
double-stranded RNA (dsRNA) genome. However, some
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possess single-stranded RNA (ssRNA) or double-stranded
DNA (dsDNA) genomes (Jiang et al. 2013, Van Regenmortel
et al. 2000). In Turkey, mycoviruses have been studied
on a limited number of fungal hosts. However, Turkey is
a rich country in respect of agricultural crops with great
diversity alongside the large number of fungal pathogens.
Regarding with the previous reports from elsewhere in
the world, Phomopsis viticola on grapevine, Verticillium
dahliae on cotton and olive, Rhizoctonia solani on cotton
and Leucostoma spp. on cherry which are economically
important fungal pathogens in Turkey can serve as possible
hosts for known or unknown mycoviruses. The objective of
this study is to screen some selected fungal pathogens that
were found to be economically important in Turkey for the

presence of mycoviruses.

MATERIALS AND METHODS
Collection of fungal isolates

During autumn, spring and summer in 2015 and 2016, a
total of 466 symptomatic plant samples were collected from
different hosts including grapevine, olive, cherry and cotton,
in the provinces of Izmir, Aydin, Denizli and Manisa in the
Aegean Region of Turkey (Table 1). A standart isolation
technique was used in the isolation process of the pathogens.
Fungal cultures were grown on potato dextrose agar (PDA)
or water agar and cultural characteristics and morphology
such as color, size and shape of mycelial colonies, hyphal
branching, fruiting structures and spores were used in fungal
identification. Among the 280 isolates obtained from the
isolations, 80 were Phomopsis viticola, 50 were Verticillium
dahliae from olive, 50 were Verticillium dahliae from cotton,

50 were Rhizoctonia solani and 50 were Leucostoma spp.
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Extraction of dsRNA

dsRNA extractions were carried out with minor modifications
of the method described by Balijja et al. (2008). Isolates were
grown on cellophane membranes placed on PDA medium in
petri plates at 22 °C for 7-10 days. Mycelia (200-300 mg fresh
weight) were harvested using a sterile tooth stick and ground
to a fine powder with liquid nitrogen using a pre-cooled
mortar and pestle. The powder was stored at —80 °C until use.
The powder was transferred into 2 ml microcentrifuge tube
and 600 pl of extraction buffer was added. The suspension
was centrifuged at 4 °C for 15 min at 16 110 g. After being
centrifuged carefully, the collected supernatant was adjusted
to a final concentration of 20% ethanol and applied to a
micro-column (ultrafree-MC sterile 0.65 um, Millipore,
USA). The micro-column was then centrifuged at 100 g for
2 min and the eluted liquid was discarded. The column was
washed twice by adding 450 pl of 1x STE-20% buffer and
centrifuged at 100 g for 2 min. The column was placed into
a new 2 ml centrifuge tube. The dsRNA was eluted from
the column by adding 400 pl of 1x STE buffer twice and
centrifuging at 100 g for 2 min. After being collected, the
eluate mixed with an equal volume of isopropanol by using
a rotator (Rotator 240V, speed 8, Agar Scientific) for 10 min.
Then, it was centrifuged at 4 °C for 30 min at 16 110 g. The
dsRNA pellet was washed with 70% ethanol, air-dried at
room temperature and dissolved in 50 pl of RNase-free water.
Size separation of dsRNA elements extracted from individual
isolates was conducted by electrophoresis on a 0.8% agarose
gel containing ethidium bromide. Electrophoresis was
run at 80V (in room temperature) for about 1 h in 1XTBE
electrophoresis buffer. Lamda (A) DNA-HindIII Marker
(Thermo Fisher Scientific, USA) was used as the molecular

size marker for electrophoresis.

Table 2. The results of dsSRNA analysis of fungal agents

RESULTS AND DISCUSSION

dsRNAs were detected in 8 isolates of P viticola from
grapevine, 1 isolate of V. dahliae from olive, 3 isolates of V.
dahliae from cotton, 6 isolates of R. solani from cotton and
3 isolates of Leucostoma spp. from cherry (Table 2). The
estimated molecular size of the dsSRNAs ranged approximately
from 12.0 to 20.0 kb. The dsRNA’s of fungal disease agents
have been previously reported in the Diaporthaceae family.
For example, mycovirus dsRNAs in Phomopsis longicolla
isolates from soybean (Koloniuk et al. 2014), in Phomopsis
vexans isolates from eggplant (Zhang et al. 2015) and
Diaporthe ambigua isolates from apple (Preisig et al. 2000),
and these dsRNAs have been associated with hypovirulence
(Koloniuk et al. 2014, Preisig et al. 2000, Zhang et al. 2015).
Phomopsis viticola (Sacc.) Sacc belonging to the family
Diaporthaceae and the causal agents of Phomopsis cane
and leaf spot of grapes has not yet been investigated for the
presence of dsRNA. In our study, the dsRNA electrophoretic
patterns of bands in size of 18-20 kb were detected on agarose
gel in eight P. viticola isolates (Figure 1). The diagnosis of this
new mycoviral dsSRNA has not been performed yet and its
association with hypovirulence has not been investigated.
In the future studies, virulence test on potted grapevine
plants by using P. viticola isolates possessing dsRNA will be
conducted to investigate their hypovirulent characteristics.
Moreover, dsRNA of the P. viticola will be diagnosed by full

genome sequence analysis.

In this study, dsRNAs were obtained in one V. dahliae
isolate from olive and in three V. dahliae isolates from
cotton. Molecular weights of the dsRNA bands were ranged
approximately 18-20 kb (Figure 2a,b). Several researchers
have been investigated dsRNA segments in V. dahliae isolates
collected from cotton and olive (Canizares et al. 2015, Cao et
al. 2011, Feng et al. 2013). Four segments of dsSRNA element

Number of isolates for
Fungal agents

Number of dsRNA Number of dsRNA negative

dsRNA analysis positive isolates isolates
Phomopsis viticola 80 8 72
Verticillium dahliae 50 1 49
Verticillium dahliae 50 3 47
Rhizoctonia solani 50 6 44
Leucostoma spp. 50 5 45
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Figure 1. Agarose gel electrophoresis of double-stranded
RNA (dsRNA) purified from Phomopsis viticola isolates in
the Aegean Region of Turkey. The lane 1: Molecular weight
marker, ADNA/HindIII (23.0 kb), lane 2: Positive control
(12.7 kb Cryphonectria parasitica), lanes 3, 4, 6, 7, 8, 9, 10
and 12: Positive isolates of Phomopsis viticola (18.0-20.0 kb)

13 14

15 16

Figure 2. Agarose gel electrophoresis of double-stranded
RNA (dsRNA) purified from Verticillium dahliae isolates in
the Aegean Region of Turkey. The lanes 1 in panels (A and
B): Molecular weight marker, ADNA/HindIII (23.0 kb), (A)
lane 4 and (B) lane 2: Positive control (12.7 kb Cryphonectria
parasitica), (A) lane 3: Positive isolate of Verticillium dahliae
(olive) (18.0-20.0 kb), (B) lanes 4, 15 and 16: Positive isolates
of Verticillium dahliae (cotton) (18.0-20.0 kb)

have been detected in the V. dahliae isolates from the cotton.
dsRNAs segments which were estimated as molecular sizes
ranged from 3.0 to 3.6 kb (Cao et al. 2011). Based on the
size of dsRNA’s they were termed as dsRNAI, 2, 3 and 4.
Canizares et al. (2015) reported that 16 V. dahliae isolates
from olive in Turkey contained dsRNA viruses.

In our study, electrophoretic bands of a large dsRNA (12-18
kb) were detected on agarose gel in six R. solani isolates and
this dsSRNAs were similar in molecular size of the 21 R. solani
isolates found by Bharathan et al. (2005) (Figure 3). Many
studies have been carried out on the presence of dsRNA in
different hosts of R. solani isolates (Bharathan et al. 2005, Das
et al. 2014, Kousik et al. 1993). The dsRNA fragments were
obtained ranging between 0.6 and 23 kb for R. solani isolates
in the North America and Japan (Bharathan and Tavantzis
1990, Bharathan and Tavantzis 1991, Hyakumachi et al. 1985,
Kousik et al. 1994, Zanzinger et al. 1984). Bharathan et al.
(2005) dsRNAs were detected in 36 isolates belonging to nine
anastomosis groups (AGs) and molecular sizes of the dsSRNA
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Figure 3. Agarose gel electrophoresis of double-stranded
RNA (dsRNA) purified from Rhizoctoni solani isolates in
the Aegean Region of Turkey. The lane 1: Molecular weight
marker, ADNA/HindIII (23.0 kb) and lane 2: Positive
control (12.7 kb Cryphonectria parasitica), lanes 6, 8, 10, 11,
12 and 13: Positive isolates of Rhizoctoni solani (12.0-18.0
kb)

10 11 12 13

Figure 4. Agarose gel electrophoresis of double-stranded
RNA (dsRNA) purified from Leucostoma spp. isolates in
the Aegean Region of Turkey. The lane 1: Molecular weight
marker, ADNA/HindIII (23.0 kb) and lane 2: Positive
control (12.7 kb Cryphonectria parasitica), lanes 8,9 and 11:
Positive isolates of Leucostoma spp. (18.0-20.0 kb)

ranged between 0-74 and 23-0 kb.

In this study, dsRNA profile with 18-20 kb molecular weight
was obtained in 3 isolates (Figure 4). Jensen et al. (1995) in
the North Carolina, USA, found that isometric virus-like
particles (VLP) were visible in hyphae of a hypovirulent
isolate of Leucostoma persoonii, and this VLP contained
at least six segments of dsRNA. This dsRNAs molecular
weights were 7.9, 3.0, 2.8, 2.6, 2.3 and 0.7 kb. The presence of
dsRNA from Leucostoma spp. isolates was investigated on the
limited number of isolates; and dsRNA bands were found in
six isolates for the first experiment in Turkey (Tonguslu and
Acikgoz 2015).

In summary, this study is the first to investigate mycoviral
dsRNAs in the important fungal pathogens of the main
crops grown in the Aegean Region of Turkey. The dsRNAs
having molecular sizes ranged from 12-20 kb were detected
in the eight isolates of P. viticola from grapevine, one and
three of V. dahliae from olive and cotton, respectively, six
of R. solani from cotton and three of Leucostoma spp. from
cherry. As in the case of C. parasitica, a model fungus for
studying mycoviruses, the findings in this study provide a
fundamental knowledge base for further understanding of
mycoviruses and their influences on fungi. This knowledge
will be valuable for the future development of biological

control strategy for economically important fungal diseases



Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (1) : 57-62

in Turkey by the use of hypovirulence-associated isolates.
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OZET

Mikovirisler birgok fungal hastalik etmenini enfekte edebilir
ve bunlarin bazilar1 hipoviriilenslige neden olabilmektedir.
Bu mikovirisler bitkilerin biyolojik miicadelesinde yaygin
olarak kullanilmaktadirlar. Mikoviriislerin  kullanilmasi
ile gerceklestirilen biyolojik miicadeleye en basarili 6rnek,
Kestane kanseri hastaligidir. Bu ¢alismada, asmadan elde
edilen Phomopsis viticola, pamuktan ve zeytinden Verticillium
dahliae, pamuktan Rhizoctonia solani ve kirazdan Leucostoma
spp. izolatlarindaki mikoviriislerin varligi dsSRNA metodu
ile arastirilmistir. dsSRNA ekstraksiyonu yapilmis ve agaroz
jel elektroforez yontemi ile analiz edilmistir. Asmada 80 P
viticola izolatinin sekizinde, zeytinde 50 V. dahlia izolatinin
birinde, pamukta 50 V. dahliae izolatinin ti¢iinde, pamukta
50 R. solani izolatinin altisinda ve kirazda 50 Leucostoma spp.
izolatinin ticiinde dsRNA bantlari elde edilmistir. Elde edilen
dsRNA bantlarinin tahmini molekiiler agirliklari 12-20 kb

arasinda bulunmustur.

Anahtar  kelimeler: mikoviriis, viticola,

Rhizoctonia solani, Verticillium dahliae, Leucostoma spp.

Phomopsis
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Article history:

DOL: 10.16955/bitkorb.S74000 White clover (Trifolium repens L.), commonly accepted as a forage crop, is a perennial
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Received : 07.06.2019 legume plant. Environmentalists, park and garden designers pay attention to white clover

Accepted : 27.12.2019 due to its characteristics such as covering the ground, resistance to stepping, nice view, and
short growing. Additionally, because of its tolerance to the shade, it is used as a cover plant

Keywords: in orchards to establish turfgrass areas. In 2015, surveys were conducted to turfgrass areas

. P where parks and gardens, golf courses, recreation areas, stadiums, picnic areas, and refuges
Fungi, Trifolium repens L., DNA sequence, P 8 '8 > > 3 > 8

pathogenicity in Istanbul, Antalya, Ankara, Izmir, Kayseri, Bursa, Aydin, and Mugla. By examining the

survey areas, a total of 60 white clover (Trifolium repens L.) samples, showing any symptoms

such as stunting, wilting, yellowing on leaves and spots, blight, dry and lesions on root and
* Corresponding author: Filiz UNAL crown, were collected. Totally of 222 fungal isolates were obtained from infected plants,
=X fucar06@yahoo.com then pathogenicity assays were conducted. Rhizoctonia solani AG 1, Binucleate Rhizoctonia
AG G, AG L, AG K, Macrophomina phaseolina, Fusarium chlamydosporum, F. oxysporum,
E equiseti, Myrothecium verrucaria, M. roridum, Curvularia spicifera, C. aeria, C. lunata,
C. trifolii, Alternaria alternata, A. teniussima, A. rosae, A. infectoria, Colletotrichum
destructivum, C. trifolii, C. truncatum, Phoma exigua, Epicoccum nigrum, Sordaria fimicola,
S. macrospora, S. superba, Gnomoniopsis fructicola species were identified according to
morphological characteristics and DNA sequences analysis. Although, A. alternata on
leaves and E oxysporum on roots were common pathogens on White clover in Turkey, the
most virulent leaf pathogen was Curvularia spicifera and the most virulent root pathogen
was R. solani AG 1 in this study.

INTRODUCTION

Among the leguminous forage crops, white clover (Trifolium repens L.) is called as “tirfil, tirfil” in Turkish. Fodder crop is
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valuable due to its usage in the production of both grasses
and cattle, for grazing grass, for making dry grass and for
spreading animals. In addition, the usage of it in parks
and gardens for greening is increasing day by day. Due
to less water consumption and drought resistance, it can
survive longer than other grass plants. When it is used for
landscaping purposes, it can easily survive on the condition
that irrigation with longer intervals comparing by the other
grass plants. It is a perennial and evergreen plant. Although
many grass plants in Gramineae turn into yellow by the
effect of winter cold, white clover protects its greenery in all
seasons. Moreover, it can survive up to -15 °C and preserves
its health and greenness. As it is a leguminous plant, like
other plants in this group, it binds the free nitrogen in the
air by nodules in its roots and enriches the soil in nitrogen
(Sener 2018).

Peronosproa trifoliorum, Pseudopeziza trifolii, Ascochyta
trifolii, Kabatiella caulivora, Botrytis cinerea (Nadolnik 1981),
Uromyces trifolii, Mycosphaerella killianii, Leptosphaerulina
trifolii, Cercospora zebrina, Stagonospora meliloti, Sclerotinia
trifoliorum, Phoma spp., (Skipp and Lambert 1984, Nelson
and Campbell 1993), Fusarium spp. (Leath et al. 1971),
Fusarium chlamydosporum, F. equiseti, E. oxysporum (Zahid
et al. 2001), Codinaea fertilis (Menzies 1973; Campbell 1980;
Zahid et al. 2001), Rhizoctonia solani, Curvularia trifolii,
Colletorichum trifolii, Politrincium trifolces (Nelson and
Campbell 1993) and Macrophomina phaseoli (Pratt et al.
1998; Zahid et al. 2001) were reported to cause disease in
white clover. Myrothecium roridum and M. verrucaria cause
root rot in red clover and alfalfa (Leath 1983).

This study was performed in 2015 to determine fungi and
their virulences in white clovers which in turfgrass areas
in Istanbul, Antalya, Ankara, {zmir, Kayseri, Bursa, Aydin,
Mugla provinces. This study is important in terms of the first
detection of the diseases that damage white clover plants

used in turfgrass areas in Turkey.

MATERIAL AND METHOD
Survey and isolation

Symptomatic white clover samples were collected from parks,
golf courses, stadiums, and recreation areas in turfgrass areas
from Istanbul, Antalya, Ankara, [zmir, Kayseri, Bursa, Aydin,
and Mugla provinces in May 2015. Fungi were isolated from
leaves showing necrotic spots, blight and chlorotic lesions
(Figure 1) and roots showing discoloration and necrosis.
Infected plant explants were sterilized by 1% Sodium
hypochlorite (NaClO) for the 30 s, then placed on filter paper
for drying. Later on, they were cultured on Potato Dextrose
Agar (PDA) (Difco, USA) amended with 100 pg™* Streptomycin

64

sulfate. Incubation was done in growth chamber under 25°C
16 h light and 8 h dark photoperiod, for 7 days long.

Molecular identification of fungal isolates

Isolations of fungal DNAs were carried out using Blood and
Tissue Kit (QIAGEN Inc. Valencia, CA), as described by
the manufacturer. The polymerase chain reactions (PCR)
were performed using the ITS primers ITS-1 (5 “TCC GTA
GGT GAA CCT GCGG 3’) and ITS-4 (5 “TCC TCC GCT
TAT TGA TATGC 3’ (White et al. 1990). The PCR master
mix prepared in a 50 pl reaction mixture containing 25 ul
GoTaq" Hot Start Green Master mix (2x) (Promega, USA), 2
ul forward primer (10 mM), 2 pl reverse primer (10 mM), 13
ul sterile double-distilled water, 4 ul BSA, 4 ul template DNA.
For the PCR reaction, initial denaturation at 94°C for 4 min,
followed by 30 cycles of 94°C for 45 s, 55°C for 45 s, and 72°C
for 2 min, and a final elongation step of 72°C for 10 min.

Sterile double-distilled water was used as a negative control.

PCR products were sequenced by GENOKS (Gene Research
Ankara, Turkey). The
nucleotide sequences were subjected to Basic Alignment

and Biotechnology Company,

Search Tool (BLAST) analysis (http://www.ncbi.nlm.nih.gov)

and compared to other sequences in the GenBank database.
Pathogenicity assay

All pathogenicity assays were conducted under greenhouse
conditions. Root isolates were grown in sterile wheat brans
and 4 g per kg of soil, composing fine sand, and cow manure
mixture (2:1:1), from this inoculum were taken and were
applied. There were three replicate pots (10 cm in diameter)
for each treatment. Control pots did not contain any
inoculum. All pots were covered by a sanitized polyethylene
nylon and incubated for three days. At the end of the
duration, thirty white clover seeds of turfgrass (cv. (Trifolium
repens L.) were placed on the soil surface, coated with 1 cm of
sterile natural soil, and watered with 9-10 ml of water (Zhang
etal. 2014). The infected plants were examined after 3 weeks.
Results were evaluated according to the scale of 0 to 5: 0= no
disease, 1= 1-10% hypocotyl infected and / or shortening, 2=
11-30% hypocotyl infected and / or shortening, 3= 31-50%
hypocotyl infected and / or shortening, 4= 51-80% hypocotyl
infected and / or shortening and 5= the entire hypocotyl
infected and / or shortening (Ichielevich Auster et al. 1985).
Disease severity values were calculated by the Townsend-
Heuberger Formula (Townsend and Heuberger 1943) using
the disease scale that was given above.

Townsend-Heuberger formula = [¥ (no. of plant in category
x category value)] x 100 / Total no. of plants x max. category

value).
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Figure 1. Simptoms on white clover leaves: Colletotrichum trifolii (a), Alternaria alternata (b).

RESULTS AND DISCUSSION

Pathogenicity assays of leaf isolates were also performed
under greenhouse conditions. Isolated fungi were activated
on potato dextrose agar (PDA). After incubation for 7-10
days, spore suspensions (10° conidia/ml) were prepared for all
fungi. The surfactant Tween-80 was added in the amount of
250 pl per liter of conidial suspension to aid in the dispersion
of inoculum on the leaf surfaces. The conidial suspension
was sprayed on the foliar surface of 8 wk post-emergent
Trifolium repens plants using a hand atomizer. Control plants
were sprayed with only 20 ml of sterile distilled water. After
the inoculation, a polyethylene bag was placed over each
inoculated pot to maintain high relative humidity. Pots
remained inside the bags for the duration of the experiment
of three days. Plants were placed into the greenhouse and
temperature was adjusted to 25+3°C. After the incubation
period, plants were removed from the moisture chamber
and remained under the conditions of 12 h daylight 80%
RH, 25+3°C until symptom development (~7 to 10 days). All
plants were watered every other day during the experiment.
The experiment was performed three replicates (Beirn et al.
2015).

For foliar inoculations, disease severity was rated 15 days
after inoculations. On a 1 to 6 scale (Brecht et al. 2007),
where 1 = no symptoms, 2 = 0 to 2 mm leaf tip die-back, 3
=2 to 4 mm leaf tip die-back and/or less <1% chlorotic leaf
lesions, 4 = leaf tip die-back plus < 5% chlorotic leaf lesions,
5 = leaf tip die-back plus 5 to 50% leaf lesions, and 6 = > 50%
leaf necrosis and blighting of leaves. Disease severity values
were calculated by Townsend-Heuberger formula. Data
were analyzed by the analysis of variance method for the
completely randomized experimental design using the JMP
7.0 Statistical Package Program. Means of disease severity for
isolates were compared by Tukey multiple comparison test.
Tests were conducted at a p< 0,05 significance level.
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White clover (Trifolium repens L.) is a plant found naturally
in the meadows and pastures of Turkey. In addition to its
importance in animal feed, apiculture, and soil protection,
it is used for visuals especially in lawn mixtures in parks and
gardens. Although it is affected by many pests and diseases,
there are very few studies on these subjects of Trifolium
repens in turfgrass areas around the world. In this study,
white clover, present in the turfgrass areas, was examined
for the first time in terms of the disease in Turkey. In 2015,
surveys were carried out in 8 provinces. A total of 60 diseased
white clover samples were collected from Istanbul (9), fzmir
(7), Bursa (9), Ankara (10), Kayseri (6), Antalya (8), Aydin
(4), and Mugla (7). As a result of DNA sequence analysis, a
total of 51 isolates from roots and 171 isolates from leaves
were determined to belong to 11 different genera and 27
different species (Table 1).

Fungi sequences obtained from amplification of conserved
ribosomal ITS region were compared with sequences from
National Center for Biotechnology Information (NCBI)
database using BLAST 2.0. Identified species showed 98-
100% similarity with the isolates belong to similar species in
NCBIL

In this study, the most commonly isolated leaf pathogen was
Alternaria alternata with 19 isolates. The most commonly
isolated root pathogen was Fusarium oxysporum with 15
isolates. While A. alternata isolates were isolated from all
surveyed provinces (Table 1), F oxysporum isolates were
isolated from Ankara, Antalya, Mugla, Bursa provinces
(Table 2). In consequence of the pathogenicity tests, the
most virulent root pathogen group in white clover was
Rhizoctonia solani AG 1 with 90.06% followed by Fusarium
spp. (Table 2). Disease severity values of E oxysporum and
E chlamydosporum were determined as 89.76% and 89.48%,

respectively (Table 2). Curvularia spicifera from leaf fungi
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Table 1. Fungi, plant origin, location, number of isolates and disease severity values isolated from white clover leaves

*Disease Severity (%) and

Number L.
. Plant . Standart Deviation (The lowest
Fungi . Location of i .
origin disease rate (%)- The highest
Isolates .
disease rate (%)
. . Bursa, istanbul, izmir, Aydin,
Curvularia spicifera Leaf . i 13 87.32a+0.51 ( 77.47-95.01)
Mugla, Antalya, Kayseri, Ankara
Curvularia aeria Leaf stanbul, Ankara, Bursa 7 86.76 a +0.39 (82.40-90.01)
Ankara, Antalya, Mugla,
Curvularia lunata Leaf . 4 & 8 83.18 abc +1.65 (74.22- 90.00)
Istanbul
Curvularia trifolii Leaf Istanbul, Bursa, Mugla, Ankara 14 85.45 ab +0,63 (77.12-92.75)
) Bursa, Istanbul, {zmir, Aydin,
Alternaria alternata Leaf . ) 19 57.57 e +1.15 (42.80-70.00)
Mugla, Antalya, Kayseri, Ankara
. L Bursa, istanbul, izmir, Antalya,
Alternaria teniussima Leaf . 9 44.33 £ +0.43 (37.50-53.75)
Kayseri, Ankara
Alternaria rosae Leaf Kayseri, istanbul 5 27.88 g £1.22 (20.45-32.60)
Alternaria infectoria Leaf Izmir, Aydin, Antalya, Ankara 7 20.57 g £1.41 (14.90- 25.25)
Colletotrichum destructivum Leaf Ankara, Mugla, Bursa, Kayseri 11 83.68 abc +0.85 (75.00-90.62)
Colletotrichum trifolii Leaf Istanbul, Ankara, Bursa, Izmir 12 79.02 ¢ +£0.63 (70.50-86.87)
Colletotrichum truncatum Leaf Ankara, Bursa 4 76.68 ¢ +0.96 (70.25- 80.06)
) Istanbul, Ankara, Antalya,
Phoma exigua Leaf o 12 49.01 f +1.28 (42.80-58.80)
Mugla, Istanbul
) . Bursa, istanbul, izmir, Aydin,
Myrothecium verrucaria Leaf ) i 12 67.58 d £3.05 (58.64-80.00)
Mugla, Antalya, Kayseri, Ankara
Myrothecium roridum Leaf Istanbul, Bursa, Izmir, Antalya [ 76.97 ¢ +1.33 (72.35-80.75)
) ) Bursa, Istanbul, {zmir, Aydin, )
Epicoccum nigrum Leaf ) i 16 Non-Pathogenic
Mugla, Antalya, Kayseri, Ankara
Bursa, Istanbul, Izmir, Mugla,
Sordaria fimicola Leaf 5 8 Non-Pathogenic
Antalya, Ankara
S. macrospora Leaf Bursa, Antalya, Kayseri 3 Non-Pathogenic
S. superba Leaf Ankara 2 Non-Pathogenic
Gnomoniopsis fructicola Leaf Kayseri, Izmir 3 Non-Pathogenic

* Levels not connected by same letter are significantly different. (TUKEY HSD: 7,08) (P <0.05).
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was found to be the most virulent species in white clover
plants with 87.32% disease severity (Table 1). In this study,
binucleate Rhizoctonia AG G, AG I, AG K, Epicoccum nigrum,
Sordaria fimicola, S. macrospora, S. superba, Gnomoniopsis
fructicola were founded as non-pathogen species (Table 1
and 2).

The studies conducted around the world indicated that
several Fusarium spp. including E oxysporum, E avenaceum,
E culmorum, F. chlamydosporum, F. equiseti, Codinaea fertilis
Rhizoctonia spp. cause root rots in white clover (Leath et
al. 1971; Menzies 1973; Campbell 1980; Zahid et al. 2001).
Similarly, E oxysporum, F. chlamydosporum, F. equiseti, R.
solani AG 1, and M. phaseolina, isolated from roots, were
found high virulent in this study. Bimuria novae-zelandiae,
Ceratobasidium cornigerum spp. as well as many Phoma,
Penicillium, Chrysosporium, Cylindrocarpon, Colletotrichum,
Acremonium, Trichoderma, Periconia, Gliocladium, Phomopsis
spp., oomycetes and basidiomycetes fungi have been also
isolated in white clover (Skipp and Christensen,1983). In
a survey of naturally infected field of white clover grown
for seed in Poland. In that report, the most prevalent leaf
pathogens were Peronosproa trifoliorum, Pseudopeziza
trifolii, and Ascochyta trifolii. It was detected that the most

prevalent stem, peduncle and occasionally leaf pathogens
were Kabatiella caulivora and Botrytis cinerea (Nadolnik
1981). In a study conducted in the turfgrass areas in North
Carolina, Rhizoctonia solani, Pseudomonas andropogonis,
Staganospora meliloti, Cercospora zebrina, Curvularia trifolii,
Colletorichum trifolii, Politrincium trifolces, Uromyces sp.,
and Politrincium trifolces were reported as pathogen in white
clover (Nelson and Cample 1993). To support these reports,
in our study, Curvularia trifolii, Colletotrichum trifolii were
found as pathogen in white clover. In addition to these
fungi, Alternaria alternata, A. teniussima, Colletotrichum
destructivum, Colletotrichum truncatum, Curvularia spicifera,
C. aeria, C. lunata were determined as pathogenic in white
clover in the present study. On the other hand, Rhizoctonia
AG G, AG I, AG K, Phoma exigua, A. rosae, A. infectoria,
Epicoccum nigrum, Sordaria fimicola, S. macrospora, S.
superba, and Gnomoniopsis fructicola species were founded
as non pathogenic in white clover in turfgrass araes. Leath
(1983) reported that Myrothecium roridum and M. verrucaria
caused root rot and leaf blight in red clover and alfalfa. In our
study, M. roridum and M. verrucaria were also found to cause

leaf blight on white clovers.

Further study is needed on how environmental factors such

Table 2. Fungi, plant origin, location, number of isolates and disease severity values isolated from white clover roots.

*Disease Severity (%) and

. Plant . Number of Standart Deviation (The lowest
Fungi . Location . .
origin Isolates disease rate (%)- The highest
disease rate (%)
Rhizoctonia solani AG 1 Root {zmir, Ankara, Antalya 5 90.06 +1.30 (82.62-93.00)
Biniikleat Rhizoctonia AG G Root Antalya, Ankara 3 Non-Pathogenic
Biniikleat Rhizoctonia AG 1 Root Mugla, Istanbul 2 Non-Pathogenic
Biniikleat Rhizoctonia AG K Root Ankara, Bursa 3 Non-Pathogenic
Macrophomina phaseolina Root [zmir, Antalya 2 87.01 £0.96 (82.75- 89.00)
Fusarium chlamydosporum Root Ankara, Bursa, Antalya, Ankara 13 89.48 +1.29 (77.12- 98.75)
Fusarium oxysporum Root Ankara, Antalya, Mugla, Bursa 15 89.76 +£0.35 (78.90- 98.00)
Fusarium equiseti Root  Ankara, Antalya, Mugla, Istanbul 8 89.38 +1.25 (85.90-93.75)

* Comparison of means of disease severity was statistically not significant



Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (1) : 63-69

as temperature, relative humidity, soil moisture, and watering
as cultural practices affecting infection of fungi to manage

diseases in turfgrass areas.
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OZET

Ak tggtl (Trifolium repens) gok yillik bir baklagil bitkisidir
ve esas olarak bir yem bitkisidir. Ayn1 zamanda toprak
ylizeyini ok iyi kaplayan, basmalara dayanikl, kisa ve giizel
gortntimlii bir bitki oldugundan, gevrecilerin, park bahge ve
oyun alanlar1 tasarimcilarinin da en gok aradig ve kullandigt
bitkilerden biridir. Golgeye tolerans: nedeniyle, agaclarda ve
meyve bahgelerinde veya ¢im alanlarinin olugturulmasinda
ortt bitkisi olarak kullanilmaktadir. 2015 yilinda Istanbul,
Antalya, Ankara, [zmir, Kayseri, Bursa, Aydin, Mugla
illerinde bulunan parklar, bahgeler, golf sahalari, rekreasyon
alanlari, stadyumlar, piknik alanlar1 ve refiijlerden olusan
¢im alanlarina surveyler diizenlenmistir. Survey alanlari
incelenerek, bodurlagsma, solgunluk, yaprak sararmasi,
lekelenme, yaniklik, kok ve kokbogazi lezyonlari gibi belirti
gosteren toplam 60 adet ak tiggtil (Trifolium repens L.)
6rnegi toplanmustir. Bu bitkilerden yapilan izolasyonlar ve
DNA sekans analizleri sonucunda Rhizoctonia solani AG 1,
Biniikleat Rhizoctonia AG G, AG 1, AG K, Macrophomina
phaseolina, Fusarium chlamydosporum, E oxysporum, E
equiseti, Myrothecium verrucaria, M. roridum, Curvularia
spicifera, C. aeria, C. lunata, C. trifolii, Alternaria alternata,
A. teniussima, A. rosae, A. infectoria, Colletotrichum
destructivum, C. trifolii, C.

Epicoccum nigrum, Sordaria fimicola, S. macrospora, S.

truncatum, Phoma exigua,

superba, Gnomoniopsis fructicola tirlerine ait 222 adet
fungus izolati elde edilmistir. Izole edilen tiim izolatlarin
hastalik siddeti degerleri sera kosullarinda tespit edilmistir.
Calismada en ¢ok izole edilen yaprak patojeni A. alternata
iken en ¢ok izole edilen kok patojeni E oxysporum olmustur.
En viriillent yaprak patojeninin Curvularia spicifera ve en
viriilent kok patojeninin ise R. solani AG 1 oldugu tespit

edilmistir.

Anahtar kelimeler: Fungus, Trifolium repens L., DNA sekans,

Ppatojenisite
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Article istory: Recently, production of almond has tended to increase in the Mediterranean

DOI: 10.16955/bitkorb.601901

Received : 05.08.2019 countries as well as in Turkey. As in all plants, almond also suffer from viral

Accepted : 18.01.2020 diseases leading to qualitative and quantitative losses. Distribution of Prune
dwarf virus (PDV), Prunus necrotic ring spot virus (PNRSV), Plum pox virus

Keywords: (PPV), Apple chlorotic leaf spot virus (ACLSV), Apple mosaic virus (ApMV)

Almond, virus, ELISA, PCR. and Cherry leaf roll virus (CLRV) diseases on almond trees in the Eastern

Mediterranean Region were investigated and its molecular and biological

characterization were performed with this study. During the surveys conducted

. .. between 2012-2016, 605 almond leaf samples were collected and tested by
* Corresponding author: Mahmut YEGUL

¥ yegulmahmut@gmail.com double antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA)

from 5 provinces of the Eastern Mediterranean Region. 169 almond samples
(27.93%) of 605 were found to be infected by at least one virus. Of these, 26 of
129 samples (20.16%) in Adana, 90 of 299 samples (30.10%) in Mersin, 11 of 71
samples (15.49%) in Kahramanmaras, 34 of 89 samples (38.20%) in Hatay and
8 of 17 samples (47.06%) in Osmaniye were found to be infected at least one
virus. While PNRSV, PDV, ACLSV and mixed infection were detected at rate
64%, 18%, 11% and 7% respectively, ApMV, PPV, and CLRV were not found
in tested samples. Genomic regions containing the coat protein (CP) gene was
reproduced by RT-PCR, resulting in bands of 616 bp for PNRSV, 862 bp for PDV
and 358 bp for ACLSV. As they are similar in nucleotide level with 97-99% of the
world PNRSV isolates registered to NCBI, 87-96% with PDV isolates, and 81-
96% with ACLSV isolates of almond, it is considered that these pathogens spread
due to the trade of plant materials.

GIRIS

Ulkemizin Dogu Karadeniz kiyr bolgesi ile ¢ok yiiksek yaylalar1 disindaki her bolgesinde badem yetistirilmektedir.
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Badem yetistiriciligi Ege Bolgesinde yogunlagmis olup, bunu
Akdeniz, Giineydogu Anadolu, i¢ Anadolu ve Marmara
Bolgeleri izlemektedir (TUIK 2019). 2018 yili iiretim
rakamlarina gore Tiirkiye 100.000 tonluk badem tiretimi ile
diinyada besinci sirada yer almaktadir (FAO 2019).

Ulkemizde son yillarda mevcut iiretim alanlarina ek olarak
her yil devlet tesvik ve destekleri ile 6zellikle orman vasfini
kaybetmis alanlarda yeni badem bahgeleri tesis edilmektedir.
Diger triinlerde oldugu gibi badem vyetistiriciliginde de
tiretimi sinirlayan birgok biyotik ve abiyotik faktor soz
konusudur. Biyotik faktorler iginde yer alan virislerin,
iretim materyali, ag1, polen, bocek gibi vektorler ile taginma
ve yayilmalarinin kolay olmasi, bu hastaliklara kars: kimyasal
miicadelenin olmamas, tirtiniin kalite ve kantitesine degisen
oranlarda etki etmesi nedeniyle, diger hastalik ve zararlilara
gore yetistiricilikte Onemleri bir kat daha artmaktadir.
Badem iiretim alanlarinda 6nemli viriis hastaliklarinin tespit
edilmesi, yayginliklarinin belirlenmesi, gerekli bitki koruma

6nlemlerinin alinmasi agisindan son derece 6nemlidir.

Badem ile ilgili bitki saglig1 konusunda yapilan ¢alisma sayist
diger sert gekirdekli meyvelere gore daha azdir (Diekmann
and Putter 1996, Ogawa et al. 1995). Sert ¢ekirdeklilerde
ve bademde bugiline kadar degisen 6nemde birgok viriis
hastaliginin zarar yaptig1 ve degisik etmenlerin farkli isimlerle
anilan hastaliklara neden oldugu rapor edilmistir (Nemeth
1986). Viriisler badem agaglarinda, biiyiikk ¢ogunlugu
yaprakta ve meyvede renk bozulmalarina, govdede
deformasyonlara, iiriinde kayiplara ve as1 uyusmazliklarina,
hatta ileri asamalarda aga¢ oliimlerine neden olmaktadir
(Ogawa et al. 1995). Digiaro et al. (1992) bademde ekonomik
zarar yapan viriislerin PDV, PNRSV, PPV, ACLSV ve ApMV

oldugunu bildirmistir.

Bu Akdeniz (Adana,

Kahramanmarag, Mersin, Hatay ve Osmaniye) sert ¢ekirdekli

galisma, Dogu Bolgesinde
meyvelerden bademde viriis hastaliklarinin belirlenmesi ve
karakterizasyonu ile ilgili olarak 2012-2016 yillar1 arasinda
yuriitilmils, ¢aliyma sonucunda yapilan siirveyler ile
bademde CLRV, PNRSV, PDV, PPV, ACLSV ve ApMV
hastalik etmenlerinin varlig1 arastirilmis, badem yetistirilen
alanlardaki yayginhg: tespit edilmistir. Caligmada Dogu
Akdeniz Bolgesi badem agaglarindaki 6nemli viral hastalik
etmenlerinin bahge ve dogal kogullarda meydana getirdigi
belirtiler saptanmig ve saptanan izolatlarin molekiiler
farklihklar: belirlenmis NCBI'ya kayith dinya izolatlari
ile akrabalik iliskileri ortaya konulmustur. S6z konusu bu
viriisler, ayn1 zamanda iilkemiz karantina ve sertifikasyon
listesinde de yer alan etmenlerden olmasi nedeniyle ayrica
o6nem arz etmektedir. Bu calisma sonucunda elde edilen

veriler ile viriis hastaliklarindan dolayr olusan kalite ve
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kantite kayiplarinin azaltilmast i¢in yapilan miicadeleye katki

saglanmustir.

MATERYAL VE METOT

Siirvey alanindan érnek toplanmas:

Ornekler Dogu Akdeniz Bolgesindeki Adana, Mersin,
Kahramanmaras, Hatay ve Osmaniye illerindeki kapama
bahge ve dogal olarak yetisen badem alanlarindan ve ticari
tiretim yapan fidanhiklardan 2012-2016 yillar1 arasinda
toplanmustir.  Stirveyler diisiik rakimli sicak bolgelerde
ilkbaharda ve erken yaz mevsiminde (Mayis-Haziran),
rakimin yiiksek oldugu nispeten serin yayla bolgelerinde ise
vejetasyon donemi boyunca yapilmigtir. Caligmada badem
disinda viral hastalik semptomu gosteren diger meyve
agaglari, orman bitkileri ve yabanci otlardan da 6rnekler
alinmigtir. Alinan 6rnek sayisi siirvey ¢alismalarina baglanan
yilda, o ildeki aga¢ varligina bagl olarak hesap edilmistir
(Cizelge 1).

Cizelge 1. Dogu Akdeniz Bolgesi badem iiretim degerleri
(TUIK, 2011)

Alinmast
Toplu Toplam
. ) planlanan
ILLER Meyve Agag .
ornek
Alani (da) sayl1sl
say1s1 (%0,01)
Adana 2.498 84.260 85
Mersin 5.589 316.257 316
Kahraman-
2.254 69.872 70
marag
Osmaniye 675 21.070 21
Hatay 685 61.047 61
Toplam 11.692 525.506 553

Strveylerde dnceliklebelirtigosteren siipheli 6rnekler seilmis
herhangi bir belirtiye rastlanmadig1 durumlarda 6rnekleme
tesadiifi usule gore yapilmistir (Bora ve Karaca 1970).
Toplanan ornekler buz kutusuna konularak laboratuvara
getirilmis ve +4°Cde “Double Antibody Sandwich Enzyme
Linked Immunosorbent Assay” (DAS-ELISA) testi yapilana
kadar muhafaza edilmistir (Levy et al. 2000). DAS-ELISA
testi kitlerin alindig firma nerileri (Bioreba, Isvigre) dikkate

alinmig ve Clark and Adams (1977)a gore yapilmuistir.
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Molekiiler ¢aligmalarda kullanilacak drnekler ise -20°Cde
saklanmistir. Incelenen ve érnek alinan badem agaglarinin
yeri, agaglarda nasil belirtiler gozlemlendigi, fotograflari
gekilerek kaydedilmistir. Ayrica, ornek alinan agaglar, sprey

boya ile numara verilerek isaretlenmistir.
Biyolojik tanilama ¢alismalar:

Indikator bitkilerin yetistirilmesinde 1:1:1 oraninda torf,
toprak ve kumdan olusan karisim kullanidmigtir. Ettivde
sterilize edilen karigim fide ve fidan yetistirmek amaci ile
kiivet ya da kasalara doldurularak tohumlar ekilmigtir.
Indikatér bitki tohumlari gimlenme siirecini tamamlayincaya
kadar 15tk ve sicaklik kontroliine sahip iklim odasinda
tutulmustur. Tohumlarin ¢imlenmesini takiben fideler 2-3
yaprakli déneme ulastiklarinda ayni karisim ile doldurulmus
10 cm ¢apinda ve 15 cm yiiksekligindeki plastik saksi veya
ayn Olgiilerdeki siyah polietilen torbalara sagirtilmistir. Bu
islem ¢aligma stiresince rutin olarak her zaman hazir test

bitkisi olmas1 amaciyla yapilmistir.
Mekanik inokulasyon

DAS-ELISA ve RT-PCR ile test edilen 6rneklerden enfekteli
olan ve olmayan 6rneklerin %10’luk kismni temsil edecek
sekilde mekanik inokulasyon i¢in Cizelge 2'de verilen otsu ve
odunsu indikator bitkiler kullanilmistir.

Mekanik inokulasyon ¢aligmalar1 2012-2016 yillar1 arasinda
Biyolojik Miicadele Arastirma Enstitiisii iklim odalarinda

gerceklestirilmistir. Reyes et al. (2002) nin bildirdigi yonteme
gore Cizelge 2'de belirtildigi gibi indikatér bitkiler indeksleme
biiyiikligtine ulastiginda, inokule edilecek bitkilerin %10’ unu
temsil edecek sekilde alinan ¢igek, kabuk, yaprak ve meyve
dokular: kullanilarak inokulasyonlar yapilmistir. Daha sonra
test bitkileri, iklim odalarinda (25-26°C, %60-70 nisbi nem,
4000 lix 1gtk siddeti ve 16 saat fotoperiyot) bekletilmis,
simptom olusumlar1 2-24 giin siireyle giinlitk periyotlarla
gbzlenmis ve kayit edilmistir. Indikatér bitkiler simptom
goriilen siire zarfinda ve 24 giiniin sonunda DAS-ELISA ve
RT-PCRile testlenmistir (Saragoglu ve Erkan 2016). Mekanik
inokulasyon ¢alismalar: her tekerriirde 1 bitki olmak tizere 3
tekerriirlii ve kontrolde de 1 bitki olmak tizere toplam 4 adet
indikator bitki kullanilarak yiirtitalmiistiir (Birisik 2009).

Odunsu indikator bitkilere agilama Nemeth (1986)’in
belirttikleri yonteme gore goz veya doku pargasi asilama
yoluyla yapilmistir. Degisik bolgelerden toplanan ve
enfekteli oldugu belirlenen 5 6rnek pozitif kontrol olarak
kullanilmigtir. Indeksleme calismalarinda her 6rnek icin
4-6 adet odunsu indikator bitki kullanilmistir (Desvignes
1999). Biitiin indikator bitkiler agilamadan sonra gozlenmis
ve semptomlar kayit altina alinmigtir. Bitkiler asilamadan 3
ay sonrasina kadar her hafta testlenmis ve virtslerin taginip

taginmadig serolojik ve molekiiler olarak kontrol edilmistir.
Serolojik ¢alismalar

Araziden toplanan ornekler viriislere spesifik antiserumlar

Cizelge 2. Mekanik inokulasyon ve indekslemede kullanilan otsu ve odunsu bitkiler

Otsu Test Bitkileri Testleme Donemi Odunsu Test Bitkileri Testleme Donemi
Chenopodium quinoa 4-8 yaprakli fide Prunus persica 1 yilik ¢6giir
C. amaranticolor 4-8 yaprakli fide P. persica GF 305 1 yillik ¢6gir
Cucurbita pepo Kotiledon dénemi P, persica GF677 1 yillik ¢6giir
Cucumis sativus Kotiledon dénemi P. amygdalus 1 yillik ¢ogiir
C. maxima Kotiledon dénemi P. domestica 1 yillik ¢ogtr

Nicotiana benthamiana 5-6 yaprakli fide

N. glutinosa 5-6 yaprakl fide
N. occidentalis 5-6 yaprakli fide
N. rustica 5-6 yaprakli fide

N. tabacum cv. Xanthi 5-6 yaprakli fide

P, persica Garnem 1 yillik ¢ogiir

P. mahlep 1 yillik ¢ogiir

Juglans regia 1 yillik ¢ogtr

N. tabacum cv. Samsun

Phaseolus vulgaris

5-6 yaprakl fide

2-4 yaprakli fide
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(Bioreba, Isvigre) kullanilarak Clark and Adams (1977)
DAS-ELISA

testlenmistir. Butiin 6rnekler ¢ift tekerriirlii olarak analiz

tarafindan  onerilen yénteme gore ile
edilmis ve sonuglar ELISA okuyucusunda 405 nm dalga
boyunda okunmugtur. Negatif kontroliin iki kati ve tizeri
absorbans degeri veren oOrnekler pozitif olarak kabul

edilmistir (Helguera et al. 2002).

Indikatér bitkilere taginan viriislerin saptanma zamanimin

belirlenmesi

Daha 6nceden pozitif oldugu serolojik ve molekiiler olarak
tespit edilen izolatlardan (PDV i¢in Hty-Yayladagi-Badem1
ve PNRSV i¢in Mer-Er-B1) as1 gozii alinarak kontrollii
kosullarda tutulan GF-305 indikator bitkisine 2 adet goz
agis1 yapilarak viriislerin taginmasi amaglanmis ve periyodik
olarak her ay virlisin bitki dokularinda saptanabilme
zamaninin tespiti i¢cin DAS-ELISA testi yapilmigtir. Boylece
indeks bitkilere taginan viriislerin ne kadar siire sonra bitki
dokularinda serolojik olarak pozitif sonug¢ verdigi tespit
edilmistir.

Molekiiler calismalar

Bulasik bitki dokularindan total niikleik asit izolasyonu ve RT-
PCR ¢alismalari

Araziden toplanan ve DAS-ELISAda pozitif sonu¢ veren
orneklerden niikleik asit izolasyonu yapilmistir. Plant
RNA Purifikasyon Kiti (Thermo Scientific, USA) ile RNA
izolasyonu firmanin 6nerdigi protokole gore yapilmistir. RT-
PCR, Thermo Scientific firmasinin Verso 1-step RT-PCR
Hot-Start kit protokoliine gore; 1 6rnek igin toplam 25 ul
hacimde PCR karigimi (0,5 pl Verso enzym, 12,5 pl 2x master
mix, 1,25 pl RT Enhancer, 1 pl Primer R, 1 ul Primer F, 6,75 pl
ddH,0 ve 2 pl RNA) hazirlanmigtir. RT-PCR igin kullanilan
primer dizilimi, beklenen bant biyiikligii ve PCR dongii

programi Cizelge 3‘e gore ayarlanmigtir.
Agaroz jel elektroforez ¢alismalart

RT-PCR ¢aligmalarindan elde edilen tirtinler %1,5’lik agaroz
jelde yiritilmiis ve ethidium bromid ile boyanarak UV

altinda fotograflar: ¢ekilerek bantlar goriintiilenmistir.
Dizi analizleri ve filogenetik analiz ¢alismalar:

RT-PCR ¢aligmalarindan sonra dogru iriin boyutuna sahip
PCR driinleri dogrudan sekans analizine gonderilmistir.
Sekans analizinde kullanilmak {izere her viriis igin 50 ul
hacimde RT-PCR yapilmistir. Dizileme islemleri Genoks
(Ankara) ve Macrogen (Giiney Kore) ticari firmalarindan
hizmet alimi seklinde yaptirilmistir. Elde edilen sekans
sonuglar1 filogenetik analizler igin MEGA-6 programinda
Neighbor-joining (NJ) yontemi kullanilarak hem NCBIdaki
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diinya izolatlar1 ile hem de izolatlarin niikleotit diizeyde
kendi aralarindaki akrabalik derecelerine bakilmis ve
izolatlar arasindaki farklilik arastirilmistir (Saitou and Nei
1987).

SONUCLAR VE TARTISMA
Siirvey alanlarindaki makroskobik gozlemler

Siirveyler sirasinda yapilan gozlemlere gore badem
agaglarinda ilkbaharda yapraklar heniiz taze ve yaprak
dokusu inceyken PNRSV semptomlar:1 daha belirgin
olmakta, yapraklar yaslandikga yaprak dokusu kalinlagmakta
ve semptomlar maskelenmektedir. Dal Zotto et al. (1999) da
PNRSV semptomlarinin ilkbaharda gériilmesine karsin bu

semptomlarin yaz aylarinda kayboldugunu belirtmistir.

ACLSV’nin diger sert ¢ekirdekli meyve agaglarinda oldugu
gibi bademde de belirgin semptomlar olusturmadigi, latent
enfeksiyona neden oldugu, diger agaglara oranla biylimede
gecikme, ge¢ yaprak ve ¢iceklenmeye neden oldugu
gozlenmistir. Benzer sekilde Myrta et al. (2011) ACLSV nin
kayis1 agaglarinda ¢ok fazla ve siddetli hastalik yaptigini,
sert ¢ekirdekli bircok cesitte enfeksiyonlarin ¢ogunlukla
semptom olusturmadigini ve latent enfeksiyonlarin ¢ok sik
goriildiigiini bildirmistir.

Bademde erken ilkbaharda vejetasyonun baslamasiyla
beraber yapraklarda renk agilmasi, yaprak kenarlarinda
dislilik gibi PDV semptomlar1 goriilmiis, vejetasyonun
ilerlemesi ile bu semptomlarin kayboldugu gozlenmistir.
Yegiil ve Baloglu (2019) PDV’nin serolojik olarak tespitinin
en uygun zamaninin ilkbahar aylari oldugunu belirtmistir.
PDV ile enfekteli bitkilerde, biiyiime ve gelismede
yavaglama, bogum aralarmin kisalmast ve bodurluk
semptomlar1 gozlenmistir. Bazi agaglarda ise zamanla
kuruma ve 6liime kadar giden belirtilere rastlanmig, odunsu
indikatorlerle yapilan indeksleme ¢alismalarinda GF-305 ve
P. persica bitkilerinden birer tanesi agilamadan bir yil sonra

kurumuglardar.
Siirvey ve teshis ¢alismalarinin degerlendirilmesi

Caligma boyunca viriis belirtilerine benzer belirtiler gosteren
605 adet badem ile 10 adet farkl bitkilerden (kiraz, nektarin,
elma, armut, Anagyris foetida ve yabanci ot) olmak iizere,

toplamda 615 adet 6rnek alinarak analiz edilmistir.

Stirveylerde Mersinden 299 6rnek, Adanadan 129, Hataydan
89, Kahramanmaragtan 71 ve son olarak gerek tretim
ve gerekse aga¢ varligi bakimindan boélgede listenin son
sirasinda yer alan Osmaniyeden 17 Ornek toplanmuistir.
Calisgmada badem igin alinan ve enfekteli bulunan 6rnek

sayilar1 Cizelge 4 ile Sekil 1 ve $ekil 2'de 6zetlenmistir.
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Cizelge 3. Molekiiler ¢aligmalarda kullanilan primerlere ait baz dizilimleri, RT-PCR sonrasi beklenen bant biiytikliikleri ve

RT-PCR protokolleri

. Biyiklik -
Primer (bp) Referans RT-PCR Dongiisii
p
i 50°C/15 dk 95°C/15 dk,
aaidi ve
PPV-P1-R 5- GTCTCTTGCACAAGAACTATAACC -3’ . ; (950C/20s, 62°C/30s, 72°C/1dK)
PPV-P2-F 5- GTAGTGGTCTCGGTATCTATCATA -3 0 ;Z ) 30 Déngii
72 °C 5 dk (Final uzama)
Vack 500C/15 dk 95°C/15 dk,
askova
PDV-R:5-AAAGAAGAGAAGTCCGACAAG 3' o - (95°C/20s, 57°C/30s, 72°C/1dK)
PDV-F:5-AAGCAGCATTTCCAACTACGA 3' (Zog(;) 35 Déngii
72 °C 5 dk (Final uzama)
50°C/15 dk 95°C/15 dk,
ACLSV-A52-R:5'-CAG ACC CTT ATT GAA GTC GAA-3' Candresse
, , (950C/20s, 55°C/30s, 72°C/1dK)
ACLSV-A53-F:5-GGC AAC CCT GGA ACA GA -3 358 etal. o
(1995) 35 Dongl
72 °C 5 dk (Final uzama)
Soieeel 50°C/15 dk 95°C/15 dk,
1ege
PNRSV-R:5-TCA CTC TAG ATC TCA AGC AG -3’ o1 P t gl (95°C/20s, 54°C/30s, 72°C/1dK)
et al.
PNRSV-E:5-GAG CTC TGG TCC CAC TCA GG -3 (199) 40 Déngii
72 °C 5 dk (Final uzama
. 500C/15 dk 95°C/15 dk,
assan
ApMV-R:5CCGGTGGTAACTCACTCGTT 3 - o (95°C/20s, 55°C/30s, 72°C/1dK)
et at.
ApMV-F:5’ CGTAGAGGAGGACAGCTTGG3’ 35 Déngil
(2006)
72 °C 5 dk (Final uzama)
- 50°C/15 dk 95°C/15 dk,
rieco
CLRV-R 5" TTGGCGACCGTGTAACGGCA -3’ il o (95°C/20s, 50°C/30s, 72°C/1dK)
CLRV-F 5-GTCGGAAAGATTACGTAAAAGG -3 (2036) 35 Déngii
72 °C 5 dk (Final uzama)

Yapilan ¢aligmalar sonucu toplanan 605 badem 6rneginden
169 tanesi (%27,93) en az bir viris ile enfekteli bulunmugtur.
Badem agaglarinda tespit edilen viriis hastaliklar1 iginde
PNRSV, 107 érnek ve %63,3 enfeksiyon orani ile ilk sirada yer
almigtir. PDV ile enfekteli 31 6rnek bulunmus ve %18,34’lik
enfeksiyon orani ile ikinci sirada yer almistir. ACLSV ile
enfekteli 19 6rnek tespit edilmis ve %11,2’lik oranla en az
tespit edilen viral etmen olmustur. Ayrica bu ii¢ viriisten
en az ikisi ile bulagik veya ii¢ viriisiin de tespit edildigi
karisik enfeksiyonlu 12 6rnek belirlenmis, tiim viriisler

icerisinde %7 oraninda bulunmustur. Bu Orneklerden 2
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tanesi PNRSV+PDV+ACLSV ile enfekteli (%1,18) diger 10
tanesi ise PNRSV+PDV ile enfekteli (%5,91) olarak tespit
edilmistir. Testlenen 6rneklerin hi¢ birinde ApMV, PPV ve
CLRV tespit edilememistir.

Bu sonuglara benzer olarak Karabacak ve Ilbag1 (2013) Trakya
Bolgesindeki badem agaglarinda %31,15 PNRSV, %4,23
PDV, %1,92 PPV, %1,54 PNRSV+PDV ile PNRSV+PPV
karigik enfeksiyonu ve %38,85 oraninda viriis enfeksiyonunu
oldugunu bildirmislerdir. Milusheva ve Borisova (2005) bu
caligmadaki gibi, Bulgaristanda bademlerde PNRSV’yi %15
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Cizelge 4. Dogu Akdeniz Bolgesinde toplanan badem 6rneklerinde DAS-ELISA ve RT-PCR ile tespit edilen virtislerin illere

gore toplu sonuglar:

Viriis ile enfekteli 6rnek miktar:

Toplam

PNRSV + .
iLLER  6rnek PNRSV PDV ACLSV PNRSV + PDV + Karisik enf. Il Bazinda
say1si PDV ACLSV toplami Bulagiklik
Adet %  Adet % Adet % Adet % Adet % Adet % Adet %

Adana 129 18 13.95 2 1.55 4 3.10 2 1.55 - - 2 1.55 26 20.16
Mersin 299 53 1773 21 7.02 11 3.68 3 1.00 2 0.67 5 1.67 90 30.10
K.Maras 71 7 9.86 2 2.82 1 1.41 1 1.41 - - 1 1.41 11 1549
Hatay 89 24 2697 5 5.62 2 2.25 3 3.37 - - 3 337 34 3820
Osmaniye 17 5 2941 1 5.88 1 5.88 1 5.88 - - 1 5.88 8  47.06
TOPLAM 605 107 1767 31 512 19 314 10 165 2 033 12 198 169 27.93

29,41

Adana

Mersin  K.Marag

Hatay Osmaniye
| EPNRSV OPDV OACLSV EMix. inf|

Sekil 1. Dogu Akdeniz Bélgesinde toplanan badem
orneklerinde DAS-ELISA ve RT-PCR ile tespit edilen

viriislerin iller bazinda yiizde oranlar1

ve PDV’yi %8,6 oraninda en fazla enfeksiyon yapan hastaliklar
olarak saptamislardir. Yine benzer sekilde Maliogka et al.
(2010) Yunanistanda badem agaglarinda yaptig1 siirvey
galismalarinda PNRSV’yi %41 ve PDV’yi %21,5 ile en fazla
enfeksiyon yapan viral etmenler olarak bulmus ve ApMV’yi
ise tespit edememistir. Bu ¢aliymada da tespit edildigi gibi
PNRSV, PDV ve ACLSV Kkarisik enfeksiyonu sert ¢ekirdekli
meyvelerde siklikla goriilen bir durumdur (Cevik et al. 2011,
Myrta and Savino 2008).

Otsu  Indikator  Bitkilerde — Biyolojik  Karakterizasyon
Calismalar
Mekanik  inokulasyon ¢aligmalari  sonucu  hastalik

etmenlerinin indikator bitkiler tizerindeki belirtileri Cizelge

5de verilmistir.

PNRSV izolatlar1 (Mer-Er-B1 ve Ad-Bal-Bl) ile yapilan
mekanik inokulasyon ¢aligmalarinda 24 giiniin sonunda,

C. quinoada Kklorotik lokal lekeler, C. amaranticolor’da
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5,91%; 10
11,2%; 19

63,3%; 107

EMPNRSV EPDV mACLSV PNRSV +PDV  HPNRSV +PDV + ACLSV

Sekil 2. Dogu Akdeniz Bolgesinde toplanan badem
orneklerinde DAS-ELISA ve RT-PCR sonuglarina gore

saptanan viriislerin yilizde oranlar:

klorotik ve nekrotik lokal lezyonlar, C. sativusta klorotik
lokal lezyonlar, kloroz, mozaik ve damar agilmasi, C. pepoda
sistemik kloroz ve bodurluk semptomlar1 gozlenmis ve
yapilan DAS-ELISA ve RT-PCR testlerinde PNRSV’nin bu
test bitkilerine aktarilabildigi saptanmigstir. N. benthemiana,
N. occidentalis, N. rustica, N. glutinosa, N. tabacum cv.
Xanthi, C. maximave N. tabacum cv. Samsun test bitkilerinde
ise herhangi bir belirti olusumu gozlenmemistir. DAS-
ELISA ve RT-PCR testlerinde de PNRSV bu test bitkilerine

aktarilamadig1 saptanmustir.

Buldugumuz sonuglara benzer olarak Sertkaya (2010)
PNRSV’nin C. quinoada Kklorotik lokal lekeler

C.sativus'ta sistemik mozaik, kloroz ve damar acilmasi

ve

olusturdugunu rapor etmistir. Cichal ve Rejczak (2011)
PNRSV’nin C. quinoada klorotik lekeler olusturdugunu
bildirirken Salem et al. (2003) PNRSV’nin C. quinoa ve
C. amaranticolorda klorotik halkali lekeler, C. sativusta
klorotik lokal lezyonlar, N. occidentalis, N. rustica, N.
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Cizelge 5. Mekanik inokulasyon ¢alismalarinda viriis izolatlarinin otsu indikatér bitkilerde neden oldugu belirtiler

Belirtiler*

indikatirler PNRSV PDV ACLSV
(Mer-Er-B1 ve Ad-Bal-B1) (Hty-Yay-1) (Mer-Erd 1 BADEM)
C. quinoa KLL KLL KLL,NLL
C. amaranticolor KLL,NLL KLL,NLL KLL,NLL
N. benthamiana S S S
N. occidentalis S K S
N. rustica S LS S
N. glutinosa S YSB S
N. tabacum cv. Xanthi S K S
C. sativus DA, K, B M, K, LN S(+)
C. pepo K, B K, B S
C. maxima N DAA N
N. tabacum cv. Samsun S S S
P vulgaris S S YSB, NLL

*S:Semptom yok; KLL: Klorotik lokal lezyon; NLL: Nekrotik lokal lezyon; M: Yapraklarda mozaik; Y$B: Yapraklarda sekil bozuklugu ve deformasyon; DA: Yapraklarda damar agilmas:
ve sararmast; K: Sistemik kloroz; DAA: Damarlar arasi renk agilmasi; LS: Lokal sararma; Mer-Erd 1: Mersin-Erdemli; Hty-Yay-1: Hatay-Yayladag:.

glutinosa ve N. tabacum cv. Xanthi test bitkilerinde herhangi
bir belirti olusturmadigin: bildirmislerdir. Aly et al. (2008)
PNRSV’nin C. quinoada klorotik ve nekrotik lokal lekeler,
beneklenme, C. amaranticolorda nekrotik lokal lekeler,
C. pepoda beneklenme ve kabarciklar, C. sativusta damar
agilmasi, klorotik ve nekrotik lokal lezyonlar ile yaprak
yiizeyinde kabarcik seklinde beneklenmeler olusturdugunu

belirtmislerdir.

Hty-Yayladagi-Badem1 PDV izolat: ile yapilan mekanik
inokulasyon ¢alismalarinda C. quinoa ve C. amaranticolorda
klorotik ve sonrasinda nekrotik lokal lezyonlar, N.
occidentalis'te sistemik kloroz, N. rusticada klorotik lokal
renklenmeler, N. glutinosa'da yapraklarda sekil bozuklugu, N.
tabacum cv. Xanthide sistemik kloroz, C. sativusta sistemik
kloroz, bodurluk ve yapraklarda lokal nekrozlar, C. pepoda
sistemik kloroz ve bodurluk semptomlar1 gozlenmistir. Ug
hafta sonunda belirti gozlenen test bitkilerinden yapilan
DAS-ELISA ve RT-PCR testlerinde PDV’nin bu test

bitkilerine aktarilabildigi saptanmuistir.

Soltani et al. (2013) PDV’nin N. rusticada lokal sararmalara
ve nekrozlara, Boulila (2010) PDV’nin badem izolatlarinin

C. sativus'ta sistemik mozaik ve bodurluga neden oldugunu
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belirterek benzer sonuglar elde etmislerdir.

ACLSYV izolatlar1 (Mer-Er-B2) ile yapilan inokulasyonlarda
C. quinoa ve C. amaranticolorda klorotik ve nekrotik lokal
lezyonlar ve C. quinoada yapraklarda lokal renk agilmalari,
P vulgariste yapraklarda epinasti ve nekrotik lezyonlar 24
gliniin sonunda gozlenmistir. C.sativus’tayapilan DAS-ELISA
ve RT-PCR testlerine gore viriis tasinmasi gerceklesmesine
ragmen belirti gézlenmemistir. Diger otsu test bitkilerinde
ise herhangi bir belirti gézlenmemis ve yapilan DAS-ELISA
ve RT-PCR testlerinde de negatif sonuglar alindig1 igin

virtisiin aktarilamadigi anlagilmustir.

Buldugumuz bu sonuglara paralel olarak Jelkman (2004)
ACLSV’nin 20°Cde 20 giinde C. quinoa’da lokal ve sistemik
semptomlar olusturdugunu bildirmisgtir. ACLSV’nin C.
quinoa ve C. amaranticolorda inokule edilen yapraklarda
klorotik ve nekrotik kiigiik lezyonlarn daha sonra
ist yapraklarda klorotik noktalar olusturdugunu, N.
benthemiana, N. glutinosa, N. tabacum, C. sativus P. vulgariste
ise semptom gelistirmedigi rapor edilmistir (Elibuytik
ve Erdiller 1998, Rana et al. 2008). Brakta et al. (2013) ise
ACLSV elma izolatlarinin C. quinoa ve C. amaranticolorda

klorotik lezyonlar meydana getirdigini, P. vulgariste ise
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diger arastiricilarin aksine bu ¢aligmada oldugu gibi kii¢iik
nekrotik lezyonlar olustugunu bildirmistir. Literatiirlerde
bildirilen bu semptomlarin bilyiik ¢ogunlugu yapilan
biyolojik indeksleme ¢alismalarinda elde edilen semptomlarla
benzerlik gostermektedir. Otsu indikator bitkilerde elde
edilen veya edilemeyen degisik semptomlar, konuk¢udaki
virtisiin irkindan, kullanilan tampon ¢6zeltisinin ieriginden
ve sicaklik basta olmak iizere degisik ¢evre faktorlerinden
etkilenmektedir. Bundan dolay1 farkli izolatlarla yapilan
mekanik inokulasyon ¢alismalarinda indikator bitkilerde
farkli sonuglar almak her zaman mimkiindiir (Salem et al.
2003).

Viral etmenlerin degisik odunsu indikator bitkilere asilanmasi

Biyolojik indeksleme sonucu virils izolatlarinin odunsu
indikator Dbitkilerde olusturdugu belirtiler Cizelge 6da
kodlanarak verilmistir. Biitiin indikator bitkiler agilamadan
sonra gozlenmis ve semptomlar kayit altina alnmustir.
Bitkiler agilamadan 3 ay sonrasina kadar her hafta testlenmis
ve virlslerin taginip taginmadigi serolojik ve molekiiler

olarak kontrol edilmistir.

PNRSV izolatlar1 ile yapilan biyolojik indekslemede, P
persica GF 305 bitkisinde, yapraklarda damarlar aras1 renk
acilmasi, bodurluk, P domesticada yapraklarda kloroz,
P persica GF 677de yapraklarda kloroz, sagma deligi
belirtisi, mozaiklenme ve lokal renk acilmalari, Ppersicada
yapraklarda kivrilma, sagma deligi, mozaik ve renk agilmast,
P. persica Garnemde yapraklarda sagma deligi ile klorotik
beneklenmeler, P. amygdalus ¢ogiir anaglarinda rozet yaprak
olusumu, yapraklarda damarlar arasi renk agilmasi, kloroz,
sagma deligi, mozaiklenme, bogum aralarinda kisalma ve
renk agilmasi ve son olarak P. mahlep’te yapraklarda sekil

bozuklugu ve lokal renk agilmalar1 gozlenmistir.

PDV izolat1 (Hty-Yay-1 BADEM) ile agilanan P. persica GF
305 bitkisinde yaprakta renk agilmasi (kloroz), vejetasyonda
gecikme ve bodurluk ile bazi bitkilerde kuruma sonucu
olumler olmustur. P. persica GF 677de kloroz, yapraklarda
mozaik ve lokal renklenmeler, P amygdalus’ta rozet yaprak
olusumu, ¢ok erken dénemlerde yaprak kenarlarinda testere
dislilik, yaprak ayasinda kiigiilme ile bogum aralarinin

kisalarak bodurluk meydana geldigi gozlenmistir.

PNRSV ve PDV ayni cinse ve ayni familyaya bagh viriisler
olmasi nedeniyle Mink (1992), bu viriislerin benzer belirtiler
olusturdugunu bildirmektedir. Bunun yaninda Uyemoto
ve Scott (1992), PNRSV’nin sert cekirdeklilerde once
klorotik noktalar ve halkalar olusturdugunu, daha sonra
bu klorotik lekelerin nekroze olarak ilerledigini ve nekroze
olan dokularin distip sagma deligi seklinde belirtileri
olusturdugunu, PNRSV ve PDV ile enfekteli agaglarda
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yapraklarin dar ve kiigiik oldugunu bildirmislerdir. Oztiirk ve
Cevik (2014) PNRSYV ile enfekteli buldugu kiraz izolatlari ile
yaptig1 indeksleme ¢alismalarinda P. mahlep’te yapraklarda
sekil bozukluklari ve renklenmeler oldugunu bu ¢alismadaki

sonuglara benzer gekilde rapor etmistir.

ACLSV (Mer- Erd 2 Badem) izolat: ile agilanan P. persica
GF 305 bitkisinde damarlararas: renk agilmasi, P. persica
GF-677de yapraklarda mozaik seklinde renk a¢ilmasi, P
mahlep'te mozaik seklinde renk agilmalari gozlenmistir.
Oztiirk ve Cevik (2014) ACLSV ile enfekteli kiraz izolatlari ile
yaptig1 indeksleme calismalarinda P. mahlep’te yapraklarda
renklenmeler oldugunu buldugumuz sonuglara benzer

sekilde rapor etmistir.

Indikatér bitkilere taginan viriislerin serolojik olarak

saptanma zamaninin belirlenmesi

Serolojik ve molekiiler olarak enfekteli bulunan izolatlardan
(PDV i¢in Hty-Yayladagi-Bademl ve PNRSV i¢in Mer-
Er-B1) GF-305 indikator bitkisine 2 adet goz asis1 yapilarak
indeks bitkilere taginan viriislerin serolojik testlemelerinin
sonuglar1 Cizelge 7 ve Cizelge 8de verilmistir. Elde edilen
sonuglara gore ikinci ayin sonunda hem PNRSV hem de PDV
i¢in agilanan GF-305 indikator bitkilerinde 2 ayin sonunda
ELISA testlerinde pozitif sonuglar alinmustir (Cizelge 7, 8).

Bu sonuglarla uyumlu olarak Elibiiyiik (2004), PPV enfekteli
seftali ¢esitlerinden alinan dokularla yapilan kabuk agilamasi
sonucu P, persicae GF 305 indikator bitkilerinde 30-40 giin
sonra damar agilmasi ve sekil bozuklugu seklinde belirtilerin
ortaya ¢iktigini ve bu bitkilerde yapilan DAS-ELISA
testlerinde de PPV’nin belirlenebildigini bildirmistir. Myrta
(2004) sera kosullarinda biyolojik indekslemede semptom
gelisiminin 22-24 °Cde 3-6 ay, agik tarla kosullarinda ise
bu siirenin 2-3 yil oldugunu belirtmistir. Bu verilere gore
calismada elde edilen sonuglar literatiir sonuglari ile uyum
gostermekte, asilanan bitkilerde virtis DAS-ELISA testi ile 2
aymn sonunda saptanabilirken Myrta (2004)’nin ifade ettigi
gibi belirti gelisimi daha ileri zamanda ger¢eklesmektedir.
Agilama kosullarinin, yapilan a1 tiiriinin, asilama
zamaninin, indikator bitkilerin yaginin, agilamadan sonraki
bakim kosullarinin ve indikat6r bitkilerin tiiriiniin bu siire

tizerinde etkili olacag diisiiniilmektedir.
Molekiiler calismalar

PNRSV’yi teshis etmek i¢in yapilan molekiiler ¢alismalarda
616 bpde bant elde edilmis (Sekil 3) ve PNRSV igin 2 izolat
sekans analizine gonderilmistir. Birinci izolat yeni tesis
edilmis 2-3 yagindaki sahilden uzak yiiksek rakimli bir
badem (PNRSV-MRSN-BDM-1) bahgesinden toplanmigtir.
PNRSV-MRSN-BDM-2 izolat1 ise sahil bolgesine yakin bir

bahge kenarinda yetisen yasli, agisiz bir agagtan alinmustir.
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Cizelge 6. Biyolojik indeksleme sonucu viriis izolatlarinin odunsu indikatér bitkilerde olusturdugu belirtiler

Belirtiler*
indikatérler PNRSV PDV ACLSV
(Mer-Erd 1 BADEM) (Hty-Yay-1) (Mer-Erd 1 BADEM)
Ppersica GF 305 DRA,B K,B, Kr DRA
Prunus domestica YSB,K.M - -
Ppersica GF 677 K,SH,M KM M
Ppersica SH,M,YK - -
Ppersica Garnem SH,M - -
Pamygdalus RY,DRA,K,SH,M,YK,B RY,YSB,B -
P. mahlep Y$B.M - M

*S: Belirti yok, RY: Rozet yaprak ¢ikisi, Y$B: Yapraklarda sekil bozuklugu ve kiigiilme, DRA:Yapraklarda damarlar arasi renk agilmasi, K: Yaprakta renk agilmasi (kloroz), SH:Yaprakta
sagma deligi olusumu (shot-hole), B: Bogum arasinda kisalma veya bodurluk, M: Yapraklarda mozaik ve lokal renklenmeler, YK: Yaprak kivrilmasi, Kr: Kuruma (Mer-Erd 1: Mersin-

Erdemli, Hty-Yay-1: Hatay-Yayladag:)

Cizelge 7. PNRSV’nin GF-305 indikatoriindeki ELISA sonuglar1

PNRSV

Testleme tarihi Negatif kontrol Pozitif Kontrol Sonug
(Asilanmis GF305)

1. ayn sonunda 0.106 0,096 0.257 -

2. ayin sonunda 1.803 0.092 0.600 +

Cizelge 8. PDV’nin GF-305 indikatériindeki ELISA sonuglar:
- PDV . .

Testleme tarihi Negatif kontrol Pozitif Kontrol Sonug
(Asilanmis GF305)

1. ayin sonunda 0.123 0.101 0.436 -

2. aym sonunda 0.861 0.097 0.571 +
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Sekil 3. Badem 6rneklerinden PNRSV’ye spesifik
primerlerle RT-PCR sonucunda elde edilen tirtinlerin

elektroforez jel goriintisii. (1-10, Badem 6rneklerinde M:
Marker (Thermo Scientific GeneRuler 100 bp #SM0241) W:
Su, P:Pozitif kontrol)

Dogu Akdeniz Bolgesi Mersin ilinden toplanan badem
izolatlarinin NCBI'a kayith diinya PNRSV izolatlar: ile
niikleotit diizeyde %97-99 oraninda yitksek benzerlik
gosterdigi goriilmektedir. Filogenetik aga¢ incelendiginde
PNRSV-MRSN-BDM-1 izolat1 AJ133202.1 kayit numarali
ftalya badem, AJ133212.1 kayit numarall ltalya erik,
AJ133200.1 kayit numarali Italya kayisi, AJ133208 kayit
numarali Italya nektarin ve AJ133205.1 kayit numaral
Italya seftali izolatlar1 ve AJ133208.1 kayit numarali Ispanya
nektarin izolat1 ile %99 oraninda benzerlik gostererek ayni
grupta toplanmigtir. Bu izolat yeni tesis edilmis bir bah¢edeki
2-3 yagindaki bir badem bahgesinden toplanmistir. PNRSV-
MRSN-BDM-2 izolat1 ise yasli, agisiz ve bahge kenarinda

yetisen bir agactan alinmustir. Bu izolat Tirkiyenin farkli

17) JX569828.1] Montenagro-peach-417/11
(34) KF420285. 1|Montenegro-peach
19) EU368T35.1| Australia-ALM-S Papershell
(24) KF135205.1] China-Flowening chr
(3) EU368736 THTALY-T.non pareil-AL1T
(9) EF565247 1|-Chile-Almand. carmen
(33) KI5T3395 1] lran-almond
(31) EU3568738.1| Hungary-S. chermy
8 1|-Chale-14 early John
(26) EF565263.1| Chile-Plum.dag1
) EUIGETIT 1 naly-Plum
25) EF565267.1] S.Amenca-Plum.gelden Jap
{16) AF013285.1| -EUROPE-almond-Mis sion
1561 (20) KJ599816. 1] IRAN-RosaXdamascena
1) PNRSV-TR-MRSN-BOM-1
| 13) AJ133200 1] pe napt
(22) AJ133212.9] Raly-Pim.cift
(23) AJ133208.1] Spai
(29) AJ133202.1] Raly-Alm. preani
(32) AJ133199.1] Raly-Ape.cafona
(6) AJ133205.1] -taly-Pech May crest
14) AJ133204 1] -Raly-Almond-.cort
{2) PNRSV-TR-MRSN-B0OM-2
(35) AF170170.1] € Rep Plum
{5) AF170163 1|-C Rep.-S CHERRY-UN
12) AF170160.1| -C.Rep.-plum
(4) AF170164.1] -C Rep.-Cherry-cv. Valesca
18) AF170165.1-C. Rep-Cherry

48] {10) JQ005050. 1 -Canada-peach-Pchd
(50 11) JQ005033 1] -Canada-Chemy-5

(30) KF569183 1] Turkey-Almond-Babaeski

[ (T) EF519311 1] -TR-Paach-PNE
) 21) EF519308.1| TR-peach var nucipersica
29 {28) EF519307.1] TR-Peach

Sekil 4. PNRSV-MRSN-BDM-1 ve PNRSV-MRSN-BDM-2
izolatlarinin kilif protein gen dizisine gére diinyadaki

murt

diger izolatlarla akrabalik derecelerini gosteren diyagram.
Filogenetik analizde, MEGA 6 yaziliminda yer alan
Neighbor-joining (NJ) yontemi kullanilmigtur.
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bolgelerinden toplanmis olan EF519311.1, EF519306.1,
EF519308.1 ve EF519307.1 kayit numaral seftali izolatlar:
ve Trakya Bolgesinden toplanan KF569183.1 kayit numaral
badem izolati ile %99 oraninda benzerlik gostererek ayni
grupta yer almigtir (Sekil 4).

Oztiirk ve Cevik (2015) PNRSV izolatlar1 arasindaki genetik
farkliigin az olmasint PNRSV’nin genellikle polenle ve
tiretim materyali ile yayilmasi ve konukgularinin yogun bir
seleksiyon baskisi altinda olmamasindan kaynaklandigini
bildirmistir. Ulubas ve Ertung (2004) yaptiklar1 RFLP
galismalar1 sonucunda cografik dagilim ve PNRSV gruplari
arasinda herhangi bir iligkinin olmadigini bildirmislerdir. Bu
¢aligmada da bu bulgulara benzer olarak PNRSV 1irklarinin
%97-99 gibi yiiksek oranda birbirleri ile akraba olduklari
sonucu ¢ikmustir.

PDVYyi teshis etmek i¢in yapilan molekiiler ¢aligmalarda
Sekil 5te gortildigi gibi 862 bpde bant elde edilmis ve
izolatlar arasindan gerek DAS-ELISAda gerekse RT-PCRda
en iyi absorbans degeri ve en iyi bant veren PDV-HTY 2

izolat1 sekans analizine gonderilmistir.

Sekil 5. Badem 6rneklerinden PDV’ye spesifik primerlerle
RT-PCR sonucunda elde edilen iiriinlerin elektroforez
jel goriintiisii. (1-3, Pozitif bulunan badem 6rnekleri M:
Marker (Thermo Scientific GeneRuler 100 bp #SM0241) W:
Su-negatif kontrol

Hatay ilinden toplanan PDV badem izolatinin (PDV-HTY
2) NCBT’a kayith diinya PDV izolatlari ile niikleotit diizeyde
%87-96 oraninda benzerlik gosterdigi gorilmektedir.
Filogenetik aga¢ incelendiginde PDV-HTY 2 izolatinin
EF524271.1, EF524265.1, KF718675.1 KF718668.1

KF718678.1 kayit numarali 5 tane Tirkiye kiraz izolati,

ve

ve AY554274.1 kayit numarali Macaristan vigne izolati ile
%96 oraninda, GU181404.1 kayit numarali italya visne,
EF575270.1, KF718665.1 ve EF524272.1 kayit numarali 3
Tiirkiye kiraz izolat1 ve GU181406.1 kayit numarali Polonya
kiraz izolat1 ile %95 oraninda benzerlik gostermistir (Sekil 6).

Ulubas-Serce et al. (2009) Tiirkiye'nin farkli bolgelerinden
topladigi 1 kayisi ve 9 kiraz PDV izolatinin niikleotit diizeyde
%87-99 ve amino asit diizeyinde ise %84-99 oraninda
benzerlik gosterdigini bildirmistir. Misir PDV izolatlarinin



Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (1) : 71-84

) GUIEIAS 2 FOLONTA POV ARAL

Sekil 6. PDV-HTY-2 izolatinin kilif protein gen dizisi
diizeyinde diinyadaki diger izolatlarla akrabalik
derecelerini gosteren diyagram. Filogenetik analizde,
MEGA 6 yaziliminda yer alan Neighbor-joining (NJ)

yontemi kullanilmigtir.

ve Amerikan PDV kiraz izolatlarmin Amerikan seftali
izolatlariyla %97 ve %98 oraninda benzerlik gosterdigi
bildirilmistir (Youssef et al. 2002). Boulila (2010), Tunus
PDV badem izolatlarinin, Gen Bankasinda kayitli izolatlarla
%86-96 oraninda benzerlik gosterdigini bildirilmistir. Bu
literatiirlerdeki gibi bu ¢aliyjmada da PDV izolatimizin
Italya, Polonya, Macaristan ve Tiirkiye gibi farkl iilke ve
konukgulardan elde edilen PDV ile yakin akraba oldugu
goriilmektedir.

ACLSV'nin teshisi i¢in yapilan molekiiler ¢aligmalarda $ekil
7de goriildiigii gibi 358 bpde bant elde edilmis ve en iyi bant
veren ACLSV badem izolat1 sekans analizine génderilmistir.

Mersin  ilinden toplanan badem izolatinn NCBIla
kayith diinya ACLSV izolatlar1 ile niikleotit diizeyde
%81-96 oraninda benzerlik gosterdigi goriilmektedir.
Filogenetik aga¢ incelendiginde ACLSV- BADEM olarak
adlandirdigimiz izolatin NCBI gen bankasina kayitli olan
AJ586644.1 Italya seftali izolat1 ve AY730559.1 kayit numaralt

Tiirkiye seftali izolat1 ile %96 oraninda ve AY730560.1 kayit
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Sekil 7. Badem 6rneklerinden ACLSV’ye spesifik

primerlerle RT-PCR sonucunda elde edilen iiriinlerin

elektroforez jel goriintiisii. (1-5 Pozitif bulunan badem
ornekleri M: Marker (Thermo Scientific GeneRuler 100 bp,
#SM0241) W: Su-Negatif kontrol)

numaral1 Tiirkiye vigne izolat1 ile %95 benzerlik gosterdigi
gortilmektedir. Ayrica bu izolat Tiirkiye seftali ve visne
izolatlartyla ayni grupta toplanmustir (Sekil 8). Oztiirk ve
Cevik (2015) bu sonuglara benzer olarak ACLSV Isparta
izolatlar1 %80-98 ile %88-100 arasinda degisen oranlarda
kilif protein genlerinin niikleotid ve amino asit diziliminde
benzerlik oldugunu bulmustur. Hindistanda Himachal
Pradesh bolgesindeki ACLSV badem izolatlar: ile seftali
ve yabani kayisi izolatlarmim %98 benzerlik gosterdigi
bildirilmistir (Rana et al. 2008).

) JN848988 1| ACLSV-China-PEACH-SQ3
[400420) JNB4E990.1 | ACLSV-China-PEACH-SQ6

=

" 10) EF138602.1| ACLSV-BRASL-BR 1
) KM586363.1] ACLSV4ran-APPLE-R2T6Na
16) KM586361.1) ACLSV-lran-APPLE-R1T4Na
14) GQ325611 1| ACLSV-China- PEAR-CX
1] (16) KJB44869. 1] ACLSV-China-APPLE-b8

12011(21) JN544921.1] ACLSV-China-PEAR hz-11
{6) AYT28180.1] ACLSV-China-PEACH.HBI
{17) HG931733.1] ACLSV-INDIA-PLUM-Lal Ambri

[—{6) AJS8E644.1] ACLSV-talya PEACHFC

259118) FJ952168 1] ACLSV-Chech Rep -APPLE-E13

) 9) AB326224.1| ACLSV-JAPAN-B6
128) 12) HE980332.1] ACLSV-INDIA-APPLE-AC
{7) AM498048. 1] ACLSV-INDIA-Wild Apricat

(13) AYT30560. 1JACLSV-S.CHERRY-ASWC43

ACLSV-BADEM

124)| (1) AY730559 1JACLSV-TURKEY-PEACH-AP10
1) AY730558 1] ACLSV-TURKEY-PEACH-KP2

=

28)

Sekil 8. ACLSV ADN izolatinin kilif protein gen
dizisi diizeyinde diinyadaki diger izolatlarla akrabalik
derecelerini gosteren diyagram. Filogenetik analizde,
MEGA 6 yaziliminda yer alan Neighbor-joining (NJ)

yontemi kullanilmigtir.
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Bu caligmada toplanan badem 6rneklerinde PPV, ApMV ve
CLRV ile bulagik 6rnek tespit edilemedigi i¢in sekans analizi

ve filogenetik analizler yapilamamustir.
Biitiin bu sonuglar 15181nda;

Dogu Akdeniz Bolgesinde son yillarda sert kabuklu meyve
yetistiriciliginin artis egiliminde olmasi, bu virislerin
girisinin engellenmesi adina daha kesin ve siki 6nlemlerin
alinmasi, i¢ ve dis karantina Onlemlerinin ve fidanlik
kontrollerinin daha hassas ve hizli tani teknikleri ile sik
araliklarla yapilmasi ve yapilan ornekleme miktariin
artirilmas: gerekir. Ozellikle son yillarda orman arazilerinin
kiralanarak orman bolgelerine yakin veya smir yerlerde
badem yetistiriciliginin  artmasindan  dolay1 orman
tarafindan bir¢ok hastalik ve zararli gelmektedir. Bunlarla
miicadelenin daha sik ve kontrollii yapilmasi ¢ok 6nemlidir.
Badem agaglarinda hastalik olugturan bu viral etmenlerin
tiretici ve teknik personel tarafindan taninmasina yo6nelik
egitim ¢alismalarinin yapilmas: ve farkindalik yaratilmasi
saglanmalidir. Enfekteli aga¢larin bulundugu bahgelerde yeni
fidanlar dikilmeden 6nce mevcut hasta agaglarin sokiiliip
bitki artiklar1 iyice bahgeden uzaklastirildiktan sonra

sertifikaly, viriisten ari fidanlarin dikilmesi onerilmektedir.

TESEKKUR

Bu galiyma “Dogu Akdeniz Bolgesinde Badem ve Ceviz
Agaglarinda Gériillen Viriis Hastaliklarinin  Saptanmasi,
Karakterizasyonu ve Bazi Cesit Davraniglarinin Belirlenmesi”
isimli doktora ¢aligmasinin bir boliimi olup, Tiirkiye VI
Bitki Koruma Kongresinde sozlii olarak sunulmusgtur.
Caligmay1 destekleyen Tarim ve Orman Bakanligi Tarimsal
Arastirmalar ve Politikalar Genel Midiirligii (TAGEM) ve
Cukurova Universitesi Bilimsel Aragtirma Projeleri Birimi
(CU-BAP- ZF2012D12)’ne tesekkiir ederiz.

OZET

Son yillarda Akdeniz tilkelerinde oldugu gibi tilkemizde de
badem tretimi yildan yila artig egilimine girmigtir. Tim
bitkilerde oldugu gibi bademlerde de viriis hastaliklarindan
dolay1 kayiplar meydana gelmektedir. Bu ¢aligma ile Dogu
Akdeniz Bolgesindeki badem alanlarinda ekonomik olarak
zarar yapan Prune dwarf virus (PDV), Prunus necrotic
ringspot virus (PNRSV), Plum pox virus (PPV), Apple
chlorotic leaf spot virus (ACLSV), Apple mosaic virus
(ApMYV) ve Cherry leaf roll virus (CLRV)'un bolgemizdeki
dagilimiaragtirilarak, molekiiler ve biyolojik karakterizasyonu
yapilmistir.  2012-2016 yillar1 arasinda yapilan = siirvey
¢aligmalarinda, Dogu Akdeniz Bolgesindeki 5 ilden toplam
605 adet badem ornegi toplanip DAS-ELISA testine tabi

tutulmustur. Toplanan 605 badem 6rneginden 169 tanesi (%

82

27,93) en az bir virisle enfekteli bulunmugtur. Bunlardan,
Adana ilinde toplanan 129 badem 6rneginin 26’1 (%20,16),
Mersinde 299 6rnegin 901 (%30,10), Kahramanmaragta 71
ornegin 11'i (%15,49), Hatayda 89 6rnegin 34t (%38,20)
ve Osmaniyede 17 ornegin 8’1 (%47,06) en az bir viriis ile
enfekteli bulunmugtur. Test edilen 6rneklerde PNRSV %64,
PDV %18, ACLSV %11 ve karisik enfeksiyon %7 oraninda
tespit edilmis, ApMV, PPV ve CLRV ise tespit edilememistir.
Enfekteli badem izolatlarindan, kilif protein genini igeren
gen bolgesi RT-PCR ile ¢ogaltilarak PNRSV i¢in 616 bp, PDV
i¢in 862 bp ve ACLSV i¢in 358 bp’lik bantlar elde edilmistir.
Badem izolatlarinin NCBI’a kayitl: diinya PNRSV izolatlariile
%97-99, PDV izolatlari ile %87-96, ACLSV izolatlari ile %81-
96 oraninda niikleotit diizeyde benzerlik gosterdiginden bu
etmenlerin bitki materyallerinin ticaretinden dolay1 yayildig1

distintilmektedir.

Anahtar kelimeler: Badem, viriis, ELISA, PCR.
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Chemical composition of Achillea millefolium L. (Asteraceae) essential oil and
insecticidal effect against Sitophilus granarius (Coleoptera: Curculionidae)
and Rhyzopertha dominica (Coleoptera: Bostrichidae)

Achillea millefolium L. (Asteraceae) ugucu yaginin kimyasal bilesimi ve Sizophilus granarius
(Coleoptera: Curculionidae) ve Rhyzopertha dominica (Coleoptera: Bostrichidae)’ya karst

insektisidal aktivitesi
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repellent activity mortality rates were recorded at the end of the 24" and 48" hours. Pure acetone

was used in the control group. Repellent activity tests were established at three
* Corresponding author: Mustafa ALKAN different concentrations (0.025 pl/cm?, 0.06 pl/cm? and 0.125 pl/cm?) and the
N alkan0101@gmail.com effects of 29, 4, 8™, and 12" hours were recorded. Additionally, the essential
oil composition of A. millefolium was determined by using GC-MS. For both
insects, essential oil did not demonstrate significant fumigant activity. At the end
of 48 hours, the highest fumigant activity was determined with a mortality rate
of 19.7% for R. dominica. This oil did not show any fumigant activity against
Sitophilus granarius. At the end of 24 hours, the highest contact activity was
determined against R. dominica at the dose of 0.15 (v/v) with a mortality rate
of 99.2%. In the same period, the contact activity was determined as 83.4% for
S. granarius. Consequently, the essential oil showed significant repellent activity
against both pests.

INTRODUCTION

Rapidly increasing global population and consequently increased food demand stands as a major problem in front
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of agricultural systems with limited resources. Considering
that the existing agricultural areas have reached their highest
reachable limit, the current global agricultural production
is protected against biotic and abiotic factors from harvest
to the table. Many pests attack cereals after harvest if they
are not kept under suitable storage conditions. Due to these
pests, there are qualitative and quantitative losses in the
stored products. Different cultural, physicomechanical,
and chemical control methods are used to minimize the
damage caused by stored pests. Chemical control is the most
widely used method of global management of these pests.
Methyl bromide, aluminum phosphide, sulphuryl fluoride,
carbonyl sulfide, ethane nitrile, and ethyl format are the most
frequently used synthetic chemicals to control these pests
(Bond 1984, Taylor 1994, Mutungi et al. 2014). Their use
has been restricted under the Montreal Protocol due to the

toxicity warmbloods and their damage in the ozone layer.

Turkey is at the crossroads of three major floristic regions and
unique in terms of plant genetic diversity. Due to weather,
geological, and topographical characteristics, Turkey is rich
in species and endemic proportion. Essential oil studies are
primarily in the fields of pharmaceutical and cosmetics.
Studies on plant extracts and essential plant oils have been
conducted abroad as well as in Turkey to date. More than
20,000 plant extracts/essential oils were reported in the
assessments from 1980 to 2012. While the share of botanical
studies among all published articles in 1980 was 1.43 %, this
ratio increased in 2012 to 21.38 % (Isman and Grieneisen
2014), resulting there has been significant momentum in
the plant extract/essential oils studies. The studies of Turkey
have not been able to achieve the same momentum as the

assessments conducted in the world.

Plants have different mechanisms of defense to protect
them against their enemies. Various secondary metabolites
synthesized within the living organism are an important
place among these mechanisms. Secondary metabolites
are important chemical compounds that are not primarily
associated with the plant’s vital activities but involved in
the plants defense against herbivores (Taiz and Zieger
2002). These compounds have insecticidal and behavioral
effects (Glincan and Durmugoglu 2004) and are classified
as alkaloids, glycosides, phenols, terpenoids, tannins, and
saponins (Shanker and Solanki 2000). It is known that in
the composition of essential oils, there are terpenic or non-
terpenic volatile compounds, all consisting of hydrocarbons
and their derivatives (Baser 2009).

Coleoptera is the largest order of insects that contains the
most common and important pests of the stored product.

The pests belonging to this order live in a wide range of
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habitats. Stored product pests have different patterns of
behavior; thus, some are considered primary pests, while
others are classified as secondary pests. Some of the stored
product pests are included in the Curculionidae family. The
species of Sitophilus belong to this family are considered as

primary pests.

In this study, Achillea millefolium essential oil’s insecticidal
and behavioral effects against two major stored product pests
(Sitophilus granarius and Rhyzopertha dominica) were tested

under laboratory conditions.

MATERIALS AND METHODS
Insect rearing

The insect cultures were obtained from the stock cultures
belonging to Plant Protection Central Research Institute,
Ankara, Turkey. The nutrient mixture of crushed soft bread
wheat and dry yeast (Saccharomyces cerevisiae) were used
to rear Rhyzopertha dominica. In the feed crushing device,
the wheat was crushed to coarse size and held at -18 °C
for 72 hours in the freezer to eliminate the risk of harmful
contamination. In a grinding mill, dry yeast was grounded
and sewn through 100 mesh sieves and added to wheat at
a ratio of 5%. Whole wheat grains were used for the rearing
of Sitophilus granarius. Adult emergence was recorded daily
about 3 weeks after the eggs were taken into jars to obtain the
adults of the desired age. The adults emerged between the 7%
and 28™ day and were used in the study.

Plant material and extraction of essential oil

Achillea millefolium plant was collected from Zile district
of Tokat province in 2017. The species were identified by
Dr. Unal Asav (Plant Protection Central Research Institute,
Ankara, Turkey). The aerial parts (100g each) of the air-dried
plant samples of the species were separately subjected to
hydro distillations for 4h using a Clevenger apparatus. The
condenser part of the Clevenger apparatus is connected to
the micro chiller device so that the cooling water stays at
4°C. The isolated volatile oil was purified from the water
contained on Na,SO, and transferred for storage until the day

of analysis to amber-colored bottles.
Analysis of essential oil

The analysis of GC-MS by Agilent 5975C InertXL EI/CI
MSD system was conducted with a temperature program in
Innowax FSC (60 m x 0.25 mm), a column containing helium
carrier gas (1 ml/min). The oven temperature was kept for
10 minutes at 60 °C and then increased to 220 °C with an
increase of 4 °C per minute. At this temperature, the oven
was kept for 10 minutes and then the temperature was raised
to 240 °C with an increase of 1 °C per minute. In the 70 eVvita
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mass range/load ratio of 35-450, mass spectra were recorded.
The GC/FID analysis was carried out simultaneously in the
same column where the GC-MS analysis was carried out
with the same gas, gas flow and temperature used in the GC-
MS analysis (Polatoglu et al. 2013).

Contact insecticidal toxicity assay

For contact activity assays, essential oils were prepared using
acetone at concentrations of 0.10 (v/v), 0.15 (v/v) and applied
with a micro applicator to the ventral of each insect abdomen
(1 pl per insect). In control treatment, the same amount of
acetone was applied to the insects. In each replication, 20
adults were selected and transferred to food-containing
petri dishes (6 cm diameter) and mortality rates were
recorded after 24 and 48 hours. The insects, unable to move
synchronously, were considered “dead” when touched with a
sand brush. The petri dishes were stored at 25+2 °C and 65%
relative humidity in the incubator (Polatoglu et al. 2013). The
experiment was laid out with five replications according to a
completely randomized design.

Fumigant insecticidal toxicity assay

Glass tubes (10 ml) with airtight caps were used for fumigant
activity assays. In each tube, five adults were released. Disks
with a diameter of 10 mm were cut from Whatman filter
paper (Grade No 1) and attached with a needle to the caps of
the glass tubes. Acetone was used to prepare concentrations of
essential oils with 0.10 (v/v) and 0.15 (v/v) and micropipette
were used to apply 10 ul to each filter paper disk. To allow
the acetone to evaporate, the tubes were kept under a fume
hood for 5 minutes. With the help of a motor creeper, the
silicon septic caps of the tubes were then closed. The tubes
were incubated at 25 + 2 °C in a temperature-controlled
climate chamber and insects died after 24 and 48 hours were
recorded (Polatoglu et al. 2013). The experiment was laid out
with 18 replications according to a completely randomized
design.

Repellent activity assay

To determine the repellent activity of plant essential oils, the
method described by McDonald et al. (1970) was followed.
For this purpose, filter paper from Whatman No. 1 was cut
from 9 cm disks. Acetone was applied as a solvent to half
of the filter paper and considered as a control. Different
concentrations of essential oils including 0.06, 0.125 and 0.25
ul/cm? were applied by pipetting to the other half of the filter
paper. At the bottom of the petri dishes, the filter papers were
fixed, which were kept under a fume hood for 5 minutes to
allow the acetone to evaporate. After that, in the middle of
the filter paper, 7-28 days old insects were released. To avoid

any fumigant activity, the top of the petri dishes was covered
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with a muslin cloth. The place where the insects were present
after 2™, 4%, 8% and 12 hours were recorded. Experiments
were laid out with six replications according to a completely
randomized design. The following formula was used to
calculate the percentage of repellent activity: repellent
activity %=(Nc-Nt)/(Nc+Nt))100 (Nc = number of insects
in control and Nt = number of insects in the treatment of
essential oil.) The obtained data were classified according to
the 0-V scale developed by Juliana and Su (1983) after the
calculation of percentage repellent activity. According to this
scale, 0.1% repellent activity belongs to Class 0, 0.1-20% to
Class I, 20.1-40% to Class 11, 40.1-60% to Class I1I, 60.1-80%
to Class IV, and 80.1-100% to Class V.

Statistical analysis

The mortality data recorded in single-dose assays were

translated to mortality percentage and transformed
by the technique of arcsine transformation. One-way
variance analysis was used to check the significance, and
Tukey’s simultaneous reference method distinguished the
medication results. The statistical analysis was performed on

the computer program of MINITAB (Release 18).

RESULTS AND DISCUSSION

A total of 89 compounds were identified from the essential oil
of A. millefolium, which represented 76.44% of the essential
oil. The major components of A. millefolium essential oil
were piperitone (10.01%), 7-epi-amiteol (3.63 %) and trans-
para-Menth-2-en-1-ol (3.55%) (Table 1).

Achillea millefolum essential oil contact activities were tested
in concentrations of 0.10 (v/v) and 0.15 (v/v) against the
adults of S. granarius and R. dominica. At the end of 24 hours,
essential oil showed 0.1 (v/v) application concentration of
18.1% activity for S. granarius (F=117.01; df =2.14; P < 0.05).
The essential oil activity was 83.5% for R. dominica at same
concentration (F = 94.71; df = 2.14; P < 0.05). The mortality
rates for S. granarius and R. dominica were determined at the
application dosage of 0.15 (v/v) as 83.4% and 99.2% after 24
hours, respectively (Table 2).

As a result of contact effect studies, it is seen that the activity
of plant essential oil on different insect species is different.
This is thought to be due to the physiological structure of
insects. In addition, it was concluded that the activity of the
essential oil changed according to the application time. This
can be clarified by the exposure time or the capacity of the
active compound or compounds to enter the organism is
thought to be related. Previous studies have reported that
activity of extracts or essential oils depends on the origin of

plant showing parallelism with this study (Gokee et al. 2007,
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Table 1. The essential oil composition extracted from Achillea millefolium

::n':’g:rund RT (Min) Compound Area (%)
1 8.807 alpha-pinene 1.44
2 8.939 alpha-thujene 0.08
3 9.081 santolina triene 0.38
4 10.606 camphene 0.24
5 12.496 beta-pinene 1.38
6 13.133 sabinene 0.93
7 15.235 alpha-phellandrene 0.35
8 15.936 alpha-terpinene 0.37
9 16.83 limonene 0.14
10 17.209 1,8-cineole 0.78
11 17.297 beta-phellandrene 0.52
12 19.028 gamma-terpinene 0.38
13 20.227 p-cymene 2.92
14 20.717 1,2,3-trimethylbenzene 0.21
15 23.076 1,2,4-trimethylbenzene 0.14
16 23.556 artemisia ketone 7.06
17 24.714 z-3-hexenol 0.09
18 25.233 yomogi alcohol 1.48
19 26.081 unidentified 0.2
20 26.38 alpha.-thujone 0.16
21 27.039 filifolone 1.34
22 27.713 trans-sabinene hydrate 0.06
23 27.91 C1$-epoXy-ocimene 0.06
24 29.161 artemisia alcohol 0.83
25 29.508 chrysanthenone 1.86
26 29.843 camphor 0.72
27 30.119 benzaldehyde 0.27
28 30.282 zingiberene 0.08
29 30.508 linalool 0.23
30 30.594 cis-sabinene hydrate 0.11
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47

48

49
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51

52

53

54

55

56

57

58

59

60

61

62

63

31.161

31.519

31.593

31.85

32.225

32.371

32.473

33.208

33.519

33.994

34.085

34.332

34.648

34.818

35.247

35.354

35.541

35916

36.172

36.33

36.586

36.726

37.268

37.625

38.111

39.225

39.645

40.754

41.052

41.711

41.865

42.25

42.335

trans-para-menth-2-en-1-ol
chrysanthenyl acetate
pinocarvone

bornyl acetate
6-methyl-3,5-heptadien-2-one
a-1sophorone
terpinen-4-ol
1-terpineol

myrtenal

sabinyl acetate
cis-verbenol
p-mentha-1,5-dien-8-ol
trans-chrysanthemol
cis-piperitol
gamma-curcumene
alpha terpineol

borneol

verbenon
p-mentha-1,5-dien-8-ol
phellandral

piperitone
trans-piperitol

geranyl acetate
alpha.-curcumene
myrtenol

trans-carveol
p-cymen-8-ol
1,3,8-p-menthatriene
theaspirane

calacorene
trans-jasmone
mentha-1,4,8-triene

cis-jasmone

3.55

2.52

0.35

0.12

0.07

0.06

2.11

2.62

0.17

0.49

0.19

0.11

0.6

2.09

0.25

0.3

1.72

0.66

0.81

0.25

10.01

1.63

0.54

0.19

0.35

0.12

0.2

0.23

1.02

0.11

0.22

0.42

0.3
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64 43.542 caryophyllene oxide 1.72
65 43.936 methyleugenol 0.15
66 44.165 salvial-4(14)-en-1-one 0.28
67 44.386 nerolidol 0.22
68 44.539 ledol 0.19
69 45.014 caryophylla-2(12),5-dien-13-al  0.22
70 45.377 tau-cadinol 0.53
71 45.643 sesquisabinene hydrate 1.08
72 45.834 viridiflorol 1.19
73 46.024 umbellulone 0.19
74 46.141 cumic alcohol 0.12
75 46.739 spathulenol 0.94
76 47.788 eugenol 0.6

77 47.999 thymol 1.06
78 48.17 germacrene b 0.24
79 49.281 beta-eudesmol 0.61
80 49.412 aromadendrene 1.09
81 49.82 7-epi-amiteol 3.63
© 50,504 :?;EZ.})}:lllla—?:,S(l3)—dien—5. 012
83 50.601 alpha-curcumene 0.92
g4 50791 l(;121710-1())111)11la—4(12),8(13)—dien-5. 0.73
85 55.306 dodecanoic acid 0.1

86 59.845 phytol 0.1

87 62.665 13-epimanool 0.11
88 63.529 tetradecanoic acid 0.11
89 74.025 n-hexadecoic acid 1.00

RT: Retention time

Table 2. Contact activities of Achillea millefolium essential oils against test insects

Mortality % + SE

24h 48h
Doses
S. granarius R. dominica S. granarius R. dominica
Control 0.00£0.00c1 0.00£0.00c 0.00+0.00c 0.00+0.00¢
0.10 (v/v) 18.05+0.76b 83.51+2.47b 25.69+0.34b 87.16+2.15b
0.15 (v/v) 83.35+1.15a 99.19+0.68a 88.28+2.27a 99.19+0.68a

'Different letters in the same line indicate statistically different from each other (Anova P<0,05, Tukey test).
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Kordali et al. 2007, Alkan and Gokee 2012).

In a previous study, the contact and fumigant activities
of Achillea vermicularis, A. teretifolia and A. biebersteinii
essential oils against S. granarius were investigated. As a
result of the study, 1,8-cineole, piperitone, and camphor
are determined as the main components of these plants.
Researchers also reported that these plant essential oils did
not have any fumigant activity. The findings of these studies
and the results of our study are similar in terms of activity
(Polatoglu et al., 2013). Kim et al. (2003) tested the extracts
of 30 aromatic plants and the essential oil of five plants for
their contact and fumigant activities against Lasioderma
serricorne. They reported the activity varies according to

plant material and exposure time.

When the plant essential oil was tested for fumigant activity
against storage pests, no significant activity was observed
after 24 hours. However, after 48 hours, the dose of plant
essential oil 0.15 (v/v) had a 19.7% mortality rate for R.
dominica (Table 3).

In the present study, repellent activities of plant essential
oil were determined against two important storage pests. A.
millefolium plant essential oil showed the highest repellent
activity against R. dominica at the lowest application dose
of 0.025 pl/cm* and showed an average of 52.3 % repellent
activity. At the highest application dose of 0.125 pl/cm?
essential oil had different repellent effect depending on time
and pest. In this application dose, the highest activity was
determined as repellency class IIT against R. dominica, and
the mean activity was 53.0 %. The mean repellent effect value
for S. granarius at the same application dose was calculated
as 42.3 % (Table 4).

When the results of the study are examined, R. dominica
is more sensitive to the repellent effect of essential oil than
S. granarius. This may be due to the insects’ response to
the substance or substances contained in the chemical
composition of the plant, as well as to the physiology of
the insect. There have been many previous studies on plant

essential oils against stored product pests (Obeng-Ofori et

Table 3. Fumigant activities of Achillea millefolium essential oils against test insects

Mortality % + SE
Concentration 24h 48h
S. granarius R. dominica S. granarius R. dominica
Control 0.00+0.00c1 0.00+0.00c 0.00£0.00c 0.00+0.00¢
0.10 (v/v) 18.05+0.76b 83.51+2.47b 25.69+0.34b 87.16+2.15b
0.15 (v/v) 83.35+1.15a 99.19+0.68a 88.28+2.27a 99.19+0.68a
'Different letters in the same line indicate statistically different from each other (Anova P<0.05, Tukey test).
Table 4. The repellent effect of different doses of Achillea millefolium essential oils against test insects
) Repellency (%)
Concentration
Rhyzopertha dominica Sitophilus granarius
2h 58 33
4h 56 38
0.125 pl/cm? 8h 44 50
12h 54 60
Mean (Repellency Class) 53 (II1) 42.25 (III)
2h 60 43
4h 58 45
0.06 pl/cm? 8h 32 58
12h 56 35
Mean (Repellency Class) 51.5 (III) 45.25 (III)
2h 48 40
4h 53 53
0.025 pl/cm? 8h 56 48
12h 52 28
Mean (Repellency Class) 52.25 (I11) 42.25 (III)
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al. 1997, Papachristos and Stamopoulos 2002, Garcia et al.
2005, Liu et al. 2006, Wang et al. 2006, Nerio et al. 2009,
Caballero-Gallardo et al. 2011). Plant essential oils have
been tested against insects that cause harm to humans. There
are also many studies conducted against vector insects. It is
seen that the experiments against the stored product pests
are less than R. dominica and S. granarius. This can be due
to the high persistence of the components found in the
chemical composition of some plant essential oils that is a
major problem. The fact that these essential oils cause odor
problems of residues in products such as wheat flour used as
the final product or rice used without processing limits the

use of plant essential oils.

In this study, the insecticidal and behavioral effects of Achillea
millefolium essential oil against two important storage pests
were investigated. As a result, this plant essential oil can be
used to control R. dominica and S. granarius. To transfer
obtained results into practice, additional studies should be

carried out.
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OZET

Depo zararlilar1 tiim diinyada depolanan iiriinlerde kalite ve
kantite kayiplarina neden olmaktadir. Son yillarda zararlhilarla
bitkisel

gelistirilmelerine

miicadelede temelli miicadele stratejilerinin

Bu
calismada, Achillea millefolium L. (Asteraceae) bitkisinden

yonelik caligmalar artmaktadir.
elde edilen ugucu yagin iki 6nemli depolanmis iiriin
zararlisi Sitophilus granarius (Coleoptera: Curculionidae) ve
Rhyzopertha dominica (Coleoptera: Bostrichidae)’ya karsi
insektisidal ve davranigsal etkileri laboratuvar ortaminda
test edilmistir. Kontakt ve fumigant aktivite testleri 0,10
(v/v) ve 0,15 (v/v) konsantrasyonda kurulmus ve 24. ve
48. saatlerin sonunda &lii bireyler kaydedilmistir. Kontrol
grubunda saf aseton kullanilmistir. Repellent aktivite testleri
ti¢ farkli konsantrasyonda (0,025 pl/cm?, 0,06 pl/cm? ve 0,125
ul/cm?) kurulmug ve 2, 4, 8 ve 12 saat sonunda boceklerin
tercihleri kaydedilmistir. Ayrica, A. millefolium’un ugucu
yag igerikleri GC-MS kullanilarak belirlenmistir. Denemede
kullanilan ugucu yaglar her iki bocek tiirii i¢in kayda deger
bir fumigant aktivite gostermemistir. En yiiksek fumigant
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aktivite, %19,7 6liim oraniyla 48 saatin sonunda R. dominica
i¢cin belirlenmistir. Sitophilus granarius {izerinde ugucu
yag herhangi bir fumigant aktivite gostermemistir. 24 saat
sonunda en yiiksek kontakt aktivite 0,15 (v/v) uygulama
dozunda R. dominica’ya karsi belirlenmis ve %99,2 6lim
orani tespit edilmistir. Ayn1 zaman diliminde S. granarius
icin kontakt aktivite %83,4 olarak belirlenmistir. Bu ugucu
yag her iki zararh i¢inde 6nemli derecede repellent aktivite

gOstermistir.

Anahtar kelimeler: Asteraceae, fumigant aktivite, GC-MS,
kontakt aktivite, repellent aktivite, ugucu yag
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