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Bioproducts are defined as the derivatives obtained from plant components,
living organisms such as fungi, bacteria, nematodes, and used as biological
substances against agricultural pests and diseases. Essential oils, which are easy
to obtain and can be decomposed rapidly because of their volatile property
without leaving residues in the environment, are considered as alternatives
to synthetic chemicals. In this study, fumigant toxicity of essential oils of four
different plants [coriander (Coriandrum sativum L.), sage (Salvia officinalis L.),
lavender (Lavandula angustifolia Mill.), and mint (Mentha spicata L.)] were
tested against two different developmental stages of Mediterranean flour moth
Ephestia kuehniella Zeller (Lepidoptera: Pyralidae). Sage and coriander essential
oils were found as the most effective oils to the larval stage of E. kuehniella during
3 experimental day, respectively 96% and 98%. In egg bioassays, lavender and
coriander essential oils showed 98% fumigant efficacy. In addition, even the
lowest doses of those two oils were able to prevent hatching of eggs. The study
results suggested that environmentally friendly essential oils were promising
substances in the control of the pest as well.

GIRIS

Zararli bocek ve akarlar depolanmis iirtinlerde kalite ve
kantite bakimindan pek ¢ok zarar meydana getirirler
(Rajendran 2002). Uriinlerde olusturduklari agirhk kaybr,
¢imlenmede disiis, ¢ikardiklar: diskilar ve deri pargaciklar
ile deger kaybmna ugratirlar. Ayni zamanda bdceklerin
metabolik atiklariile depo ve silolarda sicaklik ve nem artigina

sebep olarak iriinlerde fungal gelismelere neden olurlar
(Hill 1987). Metil bromidin yasaklanmas: tizerine depolarda
fiimigant olarak mitokondriyal kompleks 4 elektron tasimay1
engelleyiciler (METI) grubundan, fosfin aktifli bilesikler
ve az saylda ruhsath sentetik pestisit kalmistir. METI yani
mitokondriyal kompleks grubunda bulunan bu fiimigant,
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mitokondride gergeklesen ve mitokondriyal elektron tasima
zincirine etki ederek solunuma engel olmaktadir (Inak et al.
2019).

Zararlilarin depo ve ambarlarda sayica diigiiriilmesi sentetik
pestisitlere ve ozellikle fosfine dayanmaktadir. Fosfin depo
zararlilarinda direng gelisimine ve faydalilarin oliimiine
yol agmaktadir (Sahaf et al. 2008). Uzun siireli sentetik
pestisitlerin kullanilmasi kalint: birikimine neden olmakta
ve bunlarda hedef dis1 organizmalara, ekosisteme ve insan

sagligina kars1 yan etki gostermektedir (Mossa 2016).

Diinyada kimyasallara alternatif miicadele yontemleri
tizerinde ¢alismalar yapilmaktadir. Arastirmalar repellent,
fiimigant, beslenmeyi engelleyici ve insektisit etkili dogal
kaynakli pestisitlerin gelistirilmesinin ihtiya¢ oldugunu
ortaya koymus bu konuda pek ¢ok c¢aligmalar yapilmis
ve yaymlanmigtir (Campolo et al. 2018, Ebadollahi 2011,
Francikowski et al. 2019, Isman 2006, Mossa 2016, Rajendran
and Sriranjini 2008).

Dogal kaynakli pestisitlerden, bulunmasi ve kullanilmas:
kolay olanlar arasinda en o6nemlilerinden bir tanesi de
bitkisel kokenli bilesiklerdir. Biyopestisit olarak adlandirilan
ve igeriklerinde farkli sayida kimyasal bilesen barindiran
bitkilerin ugucu yaglarinin kullanimina ilgi giin gectikge

artmaktadir.

Sahip olduklar1 kimyasal bilesenlerin memelilere ve baliklara
toksik olmamasi ve ugucu ozellige sahip olan bu yaglarin
cevrede kalinti birakmamasi (Koul et al. 2008) onlarin
miicadelede kullanilabilme imkanlarinin aragtirilmasini
hizlandirmistir. Ulkemizde ve diinyada yapilmis gegmis
calismalara bakildiginda, ugucu yaglar ve bilesenleri ile
ilgili yapilmis pek ¢ok ¢aligmanin fiimigant etki gosterdigi
ve sentetik fiimigantlara alternatif olarak kullanilma

potansiyeline sahip olabilecekleri goriilmektedir.

Attia et al. (2016), seftali afidi 3. donem larvalar1 tizerinde
denedikleri lavanta ugucu yaginin etkilerini arastirmiglardar.
Buna goére 72 saat sonunda denedikleri lavanta ugucu
yaginda popiilasyonun %50sini 6ldiiren dozun 11.2 ul I
hava dozuna tekabiil ettigini tespit etmislerdir. Diger bir
calismada, Mentha spicata ugucu yaginin 2.5 pl / 1" dozuna,
24 saatlik maruz kalma siiresinde Ephestia kuehniella (Zeller)
erginlerinde %80den fazla olim gorildigiing, yumurta
oliimlerinin ise %56-60 arasinda degistigini bulmuglardir
(Eliopoulos et al. 2015). Yaptigimiz ¢alismada, Degirmen
glivesi Ephestia kuehniellanin farkli iki dénemine lavanta,
nane, adagay1 ve kisnis bitkisel yaglarinin diisiik sicaklikta
(22 £ 2 °C) farkli dozlar ve ti¢ farkli deneme siiresinde

fiimigant toksisitelerinin tespiti amaglanmuistir.

MATERYAL VE METOT

Calismamizin ana materyalini adagay1 (Salvia officinalis L.),
lavanta (Lavandula angustifolia Mill.), kisnis (Coriandrum
sativum L.), nane (Mentha spicata L.) bitkilerinden ¢ikarilan
ugucu yaglar, Degirmen giivesi E. kuehniella Zeller, gesitli
olgiilerde mikropipet, pamuk ve kavanozlar olugturmustur.
Zararlinin kitle tiretimi ve fiimigant etki testleri 1 litrelik cam
kavanozlarda yapilmis, yumurtayla ilgili testlerde yumurta

pleytleri kullanilmigtir.
E. kuehniella Zeller iiretilmesi

Iklim odast igerisindeki plastik kaplarda un i¢inde yetistirilen
larvalar ergin hale geldikten sonra cam tiip yardimi ile 1
litrelik cam kavanozlara aktarilmigtir. Kapaklar kagmalarini
engellemek ve yumurta elde etmek i¢in tiil ile kapatilmigtir.
Erginlerin biraktig1 yumurtalar, besin bulunan yatay plastik
kaplar igerisine alinmistir. Aktarilmig yumurtalardan ergin
cikist yaklagik 40 giin sonra baglamistir. Uretim caligmalar
%60 + 5 orantili nemde 27 * 2 °C sicaklik ve 12 saatlik

1s1tklanma kosullarina sahip iklim odasinda gergeklesmistir.
Ucucu yaglarin ¢ikarilmas

Ugucu yaglar Guenther’in (1955) belirlemis oldugu yonteme
gdre yapilmustir. Seleuk Universitesi, Ziraat Fakiiltesinin
Tarla Bitkileri Boliimiinden alinan kuru nane, adacayi, kignis
ve lavanta bitkileri 6giitiilmiis, sonra sirasiyla 1'e 5 (w/v) (100
g kuru bitki tizerine 500 ml ilave su) oraninda hazirlanan
karisim Clevenger cihazi ile 3 saat boyunca distile edilmistir.
Elde edilen ugucu yaglar i¢i goriinmeyen karartilmis siseler

icerisine aktarilmis ve +4 °C'de buzdolabinda bekletilmistir.

Ugucu yaglarin buhar toksisitesinin larva ve yumurta iizerine

etkisinin aragtirilmasi

Ilk olarak doz araliklari tespit edilmis ve diger dozlar bunlar
arasinda denenmistir. Doz araligi her bitki ve zararlinin
biyolojik donemine gore degismekle beraber genel olarak
en disik 25 en yiiksek 325 pl I' hava dozlar1 arasinda
degismistir. Ugucu yaglarin, Degirmen giivesinin yumurta
ve larvalarina etkisinin tespitinde sirastyla %60 + 5, 22 +
2 °C nem ve sicakhiga sahip, 12 saatlik aydinlik/karanlik
dolaplar kullanilmistir. Larva ve yumurta fiimigant aktivite
denemelerinde etkinin saptanmasinda, Erlerin (2000)
kullandigr yontem kullanidmistir. Yumurtadan ¢ikmis 20
ile 25 giinliik larvalar bir tekerriirde 20 birey olacak sekilde
yumusak bir pens yardimiyla alinarak ucu kesilmis 50 mI'lik
falkon plastik tiipler igine konulmustur. Bu plastik tiiplerin
agz1 tille kapatilarak larva kacisi engellenmigtir. Daha
sonra bunlar 1 litrelik cam kavanozlara 3 tekerriir olacak
sekilde konmugstur. Kavanoz kapaginin i¢ yiizeyine ugucu

yagin damlatilabilmesi igin belli boyutta kurutma kéagid:
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bant ile tutturulup, tizerine belirlenen dozlarda aseton ile
seyreltildikten sonra ugucu yag, mikropipet yardimiyla
aktarilmis ve kavanoz kapagi kapatilarak ugucu yagin
fiimigant etkisine maruz birakilmistir. Asetonun bdceklerin
gelisme donemlerine kargi toksik etkisi dikkate alinarak,
uygulama dozlarmin seyreltilmesi ve kontrolde kullanilan
asetonun u¢masi i¢in kapaklar (15-20 sn) kapatilmadan
beklenmis daha sonra kapatilmistir. Uygulama sonrasi tiipler
(tekerriir) icerisindeki larvalar petri kabina alinarak canly/
olu sayilari i¢in ayni ortamda 3 giin bekletilmis ve daha
sonrasinda oliim oranlari tespit edilmistir. Kontrolde sadece
40 pl 1" hava dozunda aseton uygulanmistir. Denemelerde g

farkls (24, 48 ve 72 saatlik) uygulama siiresi kullanilmustir.

Degirmen glivesi yumurtalarina toksisitesinin
belirlenmesinde 0-24 saatlik yumurtalar kullanilmistir.
Denemede 60’l1 gukurdan olugsan yumurta pleytleri (her
¢ukur 3 mm ¢ap ve 3 mm derinlige sahip 5.6 x 8.2 cm
boyutunda) kullanilmistir. Her ¢ukurcuga firga yardimiyla
bir adet yumurta birakilmis ve toplamda 20 adeti bir tekerriir
olarak kabul edilmistir. Denemeye alinacak yumurta pleytleri
ler litrelik cam kavanozlara yatay sekilde birakilmistir.
Ugucu vyaglarin fiimigant etkisine maruz birakilmigtir.
Uzerine ince serigrafi tiil yerlestirildikten sonra lastik
bantla sabitlenmistir. Bu sekilde yumurtalarin bulundugu
gukurcuga hava giris-cikis1 saglanirken diger taraftan her
hangi bir sallanmada yumurtalarin pleytten disar1 ¢tkmasina
engel olunmugtur. Belirlenen uygulama siireleri sonunda
pleytler kavanozlardan ¢ikarilarak 5 giin deneme ortaminda
higbir etkiye maruz birakilmadan bekletilmistir. Daha sonra
tilller agilarak 6lii/canli yumurta gikisina gore belirlenmistir.
Binokiiler altinda bakilarak larva ¢ikist goriilmeyen
yumurtalar 6lii olarak kabul edilmistir. Denemeler hem doz

hem de siire igin 3 tekrarl olarak ylratilmustiir.

Fiimigant toksisite testleri sonucu % 6liim degerleri, Abbott
formiiliine gore [6liim yiizdesi = (Kontroldeki % canli -
Muamele dozundaki ytizde canli) / Kontroldeki % canli x
100] diizeltilmistir (Abbott 1925). Probit analizi poloplus
programi kullanilarak yapilmis ve LC, ve LC, degerleri
hesaplanmigtir (LeOra Software 1994).

SONUGLAR

Denemede kullanilan bitkisel ugucu yaglarin larvalara
toksisitesi stire ve doz artist ile yiikselmistir. Larvalara
denenen ugucuyaglarin kendi aralarinda fiimigant toksisitede
farklilik olusturdugu gozlemlenmistir. Lavanta bitkisinde
250 pl 1! dozda 1, 2 ve 3 giinlitk deneme stirecinde %64, %94
ve %100 arasinda degisen toksisiteye sebep olmustur. Nane
yaginda yine ayn1 dozda, her ti¢ uygulama siiresinde sirasiyla

%52, %75 ve %91 oraninda 6liim gerceklesmistir (Cizelge 1).

Kisnis ugucu yaginda, 125 pl I* doz ve farkli ii¢ deneme
stiresinde sirasiyla %62, %72 ve %98 6liim orani belirlenmistir.
Adagayinda ise 125 pl I'* deneme dozunda ve yine ii¢ farkl
deneme sturelerinde %69, %84 ve %96 oraninda toksisite
gozlemlenmistir (Cizelge 2). LC, toksisite ortalamalar
degerlendirildiginde, fiimigant toksisitenin 1 giinliik deneme
stirecinde kisnigin ¢ok etkili oldugu, en az etkili olanin ise
nane bitkisi oldugu, 2 giinliik uygulama siiresi igin adagay1
> kisnis > nane > lavanta, 3 giinlik deneme siiresinde
ise adagayinda en yiiksek etki en diigitkk etkinin ise nane
bitkisinde oldugu goriilmiistiir. Denemede, adagayinin en
yiksek etki gosterdigi ve kisnis ugucu yaginn ise ikinci en

ytiksek fiimigant toksisiteye sahip oldugu goriilmiistiir.

Denemede kullanilan doz ve uygulama siiresi disinda, denenen
bitkiler iginde yumurtalara toksisite bakimindan farkliliklar
gozlemlenmigstir. Nane bitkisinde denenen 275 pl 1! doz ve
2 ve 3 giinlik deneme siirelerinde %100 yumurta agilma
oranini azalttigindan bir alt doz 250 pl I'! deneme dozunda 1,
2 ve 3 giinlitk denemeleri %31, %61 ve %85 oraninda yumurta
agilimint azalttid tespit edilmistir. Lavanta bitkisinde 175 pl 1"
dozunda 1, 2 ve 3 giinliik deneme siiresiyle %36, %98 ve %100
civarinda bir yumurta toksisitesine neden olmustur (Cizelge 3).

Adagay bitkisi 175 ul 1! deneme dozu ve ii¢ farkli deneme
stiresi ile %100 toksisiteye neden oldugundan, 150 ul I* doz
denemesinde 1, 2 ve 3 giinliik uygulama siirelerinde sirasiyla
%25, %47 ve %57 oraninda yumurta agilimini engelledigi
gortulmistiir. Kisnis bitkisinin yumurta agilimi tizerine etkili
olan 150 ul 1! doz uygulamasinda 1, 2 ve 3 giinlilk deneme
siiresinde %24, %66 ve %100 oraninda yumurta actlimini

azalttig tespit edilmistir (Cizelge 4).

Ugucu yaglarin LC,, degerleri dikkate alinarak fiimigant
etkileri farkl: test siireleri i¢in biiyiikten kiigiige dogru; 48
saat i¢in lavanta > adagay1 > kisnis > nane; 72 saat igin ise

adacay1 > kignis > lavanta > nane seklinde olmustur.

Yumurtalarda fiimigant etki oran1 bakimindan ugucu yaglar
siralanacak olursa lavanta ve kignis en etkilileri olarak one
¢ikmaktadir. Buna goére bu bitkilerin en az dozlari bile

yumurta agilimini en yiiksek diizeyde engellemistir.

TARTISMA VE KANI

Maedeh et al. (2011) yapmis olduklar1 ¢alismada, Satureja
hortensis bitkisinden elde ettikleri ugucu yagin 1-7 giinliik
Tribolium castaneum ve 12-14 guinlik E. kuehniella ve
Plodia interpunctella larvalarinda 6, 9, 12 saatlik fiimigant
etkilerine bakmuiglardir. Buna gore E. kuehniellada uygulama
yapildiktan 12 saat sonra fiimigant etkiye bakildiginda 118
ul I hava dozunda %91 6liim, 228.5 pl I'! hava dozunda
ise %100 olim gorildigini bildirmislerdir. Bir diger
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Cizelge 1. Nane ve lavanta ugucu yaglarinin, farkli doz ve uygulama siiresinde, larvalara fiimigant toksisite degerleri ile lethal

konsantrasyonlar1
% Oliim (Ortalama + SH)
Deneme siiresi (saat)
24 48 72
Doz (ul1-1 hava) 15.25 +4.48 67.24 £ 4.56 96.36 + 3.64
175 32.20 £ 3.39 86.21 + 1.72 100.00 +0.00
200 38.98 +5.87 93.10 + 4.56 100.00 + 0.00
225 64.40 = 0.00 94.83 £2.99 100.00 = 0.00
<
§ 250 84.74 £ 0.00 100.00 = 0.00 100.00 + 0.00
3
275 1.66 + 1.66 3.33 + 1.66 8.33 £ 1.66
Kontrol 231.99 156.98 *
LC50 (pl1-1 hava) 213.29 134.24 *
Giiven aralig1 0.95 244.50 170.49 *
375.49 276.28 *
LC99 (ul1-1 hava) 339.855 251.98 *
Giiven aralig1 0.95 455.321 330.26 *
150 11.86 + 3.39 62.07 £ 1.72 83.64 +5.45
175 28.81 £5.87 62.07 £ 1.72 80.00 = 1.82
200 30.51 +4.48 62.07 + 4.56 74.55 +1.82
225 32.20+£3.39 72.41 £ 1.72 80.00 + 3.64
250 52.54 + 1.69 75.86 + 4.56 91.01 +1.82
2 Kontrol 1.66 £ 1.66 3.33 £ 1.66 8.33 £ 1.66
z
LC50 (ul1-1 hava) 265.78 * *
Giiven aralig1 0.95 231.99 * *
371.811 * *
840.50 * *
LC99(pl 1-1 hava) 507.425 * *
Giiven aralig1 0.95 5237.26 * *

* LCso ve LCs9 degerleri hesaplanamamigtir
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Cizelge 2. Adagay: ve kisnis ugucu yaglarinin farkli doz ve uygulama siiresinde larvalara fiimigant toksisite degerleri ile lethal

konsantrasyonlar1
% Oliim (Ortalama + SH)
Deneme siiresi (saat)
24 48 72
Doz (ul/1-1 hava) 11.86 + 1.69 20.69 £ 3.45 23.64£3.15
25 32.20 £ 4.48 44.83 +1.72 76.36+1.82
50 37.29 +3.39 60.35+ 1.72 92.73+3.64
75 32.20 £ 1.69 63.79 + 8.96 92.73+1.82
@
E« 100 62.71 +1.69 7241 +1.72 98.18+1.82
125 1.66 + 1.66 3.33 £ 1.66 8.33£1.66
Kontrol 123.97 61.95 35.72
LC50 (pl1-1 hava) 90.62 46.59 28.66
Giiven aralig1 0.95 213.38 77.81 41.95
2491.2 841.20 142.27
LC99 (ul1-1 hava) 784.64 426.50 113.60
Giiven aralig1 0.95 8526.2 3524.13 201.15
25 37.29 +3.39 63.79 £ 0.00 65.46+1.82
50 30.51 +3.39 67.24 +1.72 65.46x1.82
75 38.98 +2.94 86.21 +1.72 90.91+1.82
100 66.10 + 1.69 86.21 +4.56 92.73%1.82
125 69.49 + 0.00 84.48 +0.00 96.36+1.82
% Kontrol 1.66 + 1.66 3.33+£1.66 8.33+£1.66
Q-
i}é LC50 (ul1-1 hava) 123.97 14.87 19.36
Giiven aralig1 0.95 90.62 2.28 8.05
213.38 26.42 28.85
LC99 (ul 1-1 hava) 2491.2 1185.8 340.79
Giiven aralig1 0.95 784.64 385.19 190.30
8526.2 6298.6 1349.92
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Cizelge 3. Nane ve lavanta ugucu yaglarinin farkli doz ve uygulama siiresinde yumurtalara fiimigant toksisite degerleri ile lethal

konsantrasyonlar1
% Oliim (Ortalama + SH)
Deneme siiresi (saat)
24 48 72
Doz (ul/1-1 hava) 12.07 £ 5.17 28.07 £ 1.75 67.86 £ 6.19
75 22.42+790 47.37 £ 8.04 98.21 +1.79
100 17.24 +7.90 68.42 + 6.08 98.21 +1.79
125 37.93 £5.97 92.98 + 4.64 100.00 £ 0.00
<
§ 150 36.21 +4.56 98.25+ 1.75 100.00 + 0.00
3
175 3.33 £ 1.66 5.00 £ 0.00 6.66 = 1.66
Kontrol * 99.84 66.67
LC50 (ul1-1 hava) * 78.35 51.55
Giiven aralig1 0.95 * 112.74 74.27
* 210.91 117.68
LC99 (ul1-1 hava) * 179.08 102.89
Giiven aralig1 0.95 * 304.06 167.43
150 20.69 +1.72 21.05 +£0.00 25.00 + 3.09
175 20.69 + 3.45 3333+ 1.75 33.93 +3.57
200 2242 +5.97 38.60 + 4.64 50.00 + 1.79
225 2242 +5.17 63.16 + 3.04 60.71 + 1.79
250 31.04 + 6.22 61.40 + 1.75 85.71 +4.72
2 Kontrol 3.33 £1.66 5.00 £ 0.00 6.66 + 1.66
z
LC50 (ul1-1 hava) * 212.23 201.77
Giiven aralig1 0.95 * 191.86 169.08
* 236.77 219.36
LC99 (ul 1-1 hava) * 569.21 386.98
Giiven aralig1 0.95 * 414.87 324.47
* 1260.89 630.36

* LCso ve LCs9 degerleri hesaplanamamigtir
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Cizelge 4. Adagay1 ve kisnis ugucu yaglarinin farkli doz ve uygulama siiresinde yumurtalara fiimigant toksisite degerleri ile lethal

konsantrasyonlar1
% Oliim (Ortalama + SH)
Deneme siiresi (saat)
24 48 72
Doz (ul/1-1 hava) 6.90 + 2.99 15.79 £ 5.26 5536 £7.14
50 6.90 £5.17 24.56 + 7.65 62.50 +9.28
75 12.07 £7.90 29.82 £9.28 91.07 £ 1.79
100 13.80 £ 1.72 24.56 £ 3.51 98.21 £ 1.79
o
E« 125 24.14 £ 1.72 66.67 £ 1.75 100.00 £ 0.00
150 3.33+1.66 5.00 = 0.00 6.66 £ 1.66
Kontrol * * 54.23
LC50 (ul1-1 hava) * * 36.75
Giiven aralig1 0.95 * * 65.95
* * 168.02
LC99 (ul I-1 hava) * * 130.29
Giiven aralig1 0.95 * * 296.94
25 6.89 £ 0.00 8.77 £ 3.51 14.28 + 8.18
50 10.35 + 6.22 8.77 £ 4.64 17.85 + 6.44
75 8.62+1.72 10.53 +5.26 14.28 + 5.36
100 13.80 £ 3.45 35.09 £3.51 53.57 £1.79
125 22.41 £0.00 3333+ 1.75 5536 £1.79
5 150 25.86 + 3.45 47.37 £5.26 57.14 £6.19
S
-é Kontrol 3.33+1.66 5.00 = 0.00 6.66 £ 1.66
LC50 (pul1-1 hava) * 158.84 131.123
Giiven aralig1 0.95 * 134.44 103.93
* 255.45 176.50
LC99 (ul1-1 hava) * 624.26 547.19
Giiven aralig1 0.95 * 332.09 297.20
* 8953.57 1197.3

* LCso ve LCs9 degerleri hesaplanamamigtir
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calismada, Ercan et al. (2013), Prangos ferulacea bitkisinden
elde edilen ugucu yagin E. kuehniella larvalarinda fiimigant
etkisine 1 giinliik uygulama siiresinde bakmuslardir. Sonugta
E. kuehniella‘nin larvalarinda %99 6lim oranini 538.75 ul 1!
hava dozunda ulagmiglardir. Yaptigimiz denemenin, Maedeh
et al. (2011) ve Ercan et al. (2013)’1n yaptiklari caligmalarda
kullandiklar: bitkilerin en biiyiik bilesenleri olan Y terpinen
igeriginin kignis bitkisinde ana bilesenler i¢inde oldugundan
ve diger bilesenlerinin kignis bitkisi ana bilesenlerine benzer
olmasindan dolayr kignis bitkisi ile yaptigimiz fiimigant
etki denemesindeki sonuglar ile benzerlik gostermistir.
Denememizde, Maedeh et al. (2011)’mn yaptig1 ¢alismaya
gore dozlar birbirine yakin olsa da daha yiiksek uygulama
stiresinde benzer sonuglara ulagilmistir. Buna gore kisnis
ugucu yag 125 pl 1" hava dozunda 72 saat sonra %98.21 6lim
orant belirlenmistir. Ercan et al. (2013), 24 saat uygulama
stiresinde %99 6liim oranini elde ettigi dozun yiiksek oldugu,
kendi ¢aliymamizda ise 24 saat uygulama siiresinde en
yliksek dozun 125 pl I'" hava dozunda %62.71, 72 saat sonra
%98.21 6liim oranina ulastig: tespit edilmistir.

Erler (2005), bitkisel bilesen olan monoterpenoidlerden
iki tanesini menthol ve 1.8-cineole bilesiklerinin fiimigant
etkisini Degirmen giivesinin yumurta ve larvalarina karsi
denedigi ¢alismada, doz araligini 23.1 ile 184.8 mg 1" ve 1
ile 4 giin aras1 uygulama siiresini test etmistir. Denemede, 4
gilin (en uzun siire) deneme siirecinde menthol ve 1.8 cineole
bilesenlerinde %50den diisiik toksik etki goralmistiir.
Yumurta denemesinde bitkisel bilesenlerden 1.8 cineole,
184.8 mg 1" dozda 4 giinliik deneme siirecinde %90 {izeri, 2
glinliik uygulama stiresinde %80 civari ve 1 giinliik deneme
stirecinde %60 tizeri toksik etkiye sebep oldugu goriilmiistiir.
Menthol bileseninde en uzun siire ve yiiksek dozda %50
altinda toksik etki tespit etmiglerdir. Caliymamizda ayni
bilesenleri iceren adagay1 ve nane bitkisel yaglarinin sirasiyla
1 giinliik deneme siirecinde larvalarda en yiiksek dozda %52
ve %69 gibi fiimigant toksisite gergeklesmistir. Denemenin
2 gtinliik yiiksek uygulama dozunda %75 ve %84 fiimigant
toksisite yapmus, 3 giinlitk deneme siirecinde bu toksisite
orani %91 ve %96 arasinda degismistir. Larva 6ncesi donem
yumurtadaki toksisiteye bakildiginda, nane ve adagay1
yaglarinin sirastyla yitksek dozdaki (sirasiyla 250 pl I'* hava,
150 pl 1! hava) deneme siirecinde; 1 giinliik toksisitesi %25 -
%31 civarindayken bu oran 2 giinlitk deneme siirecinde %47
ve %61‘e gikmis, 3 glinliik deneme siiresinde ise %57 ve %85

civari toksisite gerceklesmistir.

Aragtiricilar ti¢ farkli bitkiden cikardiklar: bitkisel ugucu

yaglarin fiimigant toksisitesini, depo ve ambarlarda
zarar yapan Degirmen gilivesinin larva o6ncesi donemi

yumurtada denemiglerdir. E. kuehniella yumurtasinda
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kimyon ve anason yaglarini 4 giin siireyle ve 196.9 pl I' hava
dozunda denemislerdir. Deneme sonucunda %100 toksisite
bulmuglardir. Biberiye bitkisi denemesinde ise %24 toksisite
bulmuslardir (Tung et al. 2000). Bir diger ¢alismada Ercan
et al. (2013), casir (Prangos ferulacea) bitkisinden elde
edilen ugucu yag1 uygulamadan 24 saat sonra Tricogramma
embryophagum parazitledigi yumurtalarinda ve E. kuehniella
yumurtalarina olan fiimigant etkisine bakmuslardir. Sonugta
486.80 ul I hava dozunda E. kuehniella‘nin yumurtalarinda
%99 6liim oranini elde etmiglerdir. Calismamizda kullanilan
kisnis, adacay: ve lavanta igeriklerinin ¢aligmalardaki ¢asir
(Prangos ferulacea), anason (Pimpinella anisum), kimyon
(Cuminum cyminum) ve biberiye (Rosmarinus officinalis)
bilesenlerinin ayni olmasi, denememiz sonucunun benzer
sekilde etkiledigi goriilmustir. Casir bitkisinin en buytik
bilesikleri kignis bitkisi bilesenleri ile benzer oldugundan, 24
saatlik uygulama 150 pl I hava dozunda %24.14 toksisite,
72 saat stirecinde 125 pl 1" hava dozu uygulamasinda ise
%98.21 olim meydana getirdigini gormislerdir. Kisnis
ve lavantada 72 saatlik deneme siirecinde yumurtalardaki
uygulamalarda 6liim oraninin yiksek oldugu, 125 pl 1!
hava dozu incelendiginde ise fiimigant toksisitenin %98
civarinda olim olusturdugu goriilmektedir. Biberiye ise
adagaymin bilesenlerinde olan 1.8 cineole’iin gosterdigi
etkiyi ayni sekilde gosterdigi, adagayinda o6limi arttirdig:
tespit edilmistir. Denemelerdeki yaglar degismis olsa bile
bilesenlerinin ayni igeriklere sahip olmasi ¢alijmamiz
deneme sonuglari ile benzer etkileri ortaya ¢ikarmistir. Diger
bir aragtirmaci yapmis oldugu ¢aligmasinda, farkl: bitkilerden
elde ettigi ugucu yaglarin Kirma biti yumurtasinda fiimigant
etkisine bakmistir. Denemesinde 3 giinliik maruziyet
birakma siiresi ve 100 ul I hava dozu uygulamasi sonucu,
T. confusum yumurtalarinda nane ve kisnis toksisitesinin
%54 ile %100 civar1 6lim meydana getirdigini séylemektedir
(Karc1 2006). Bizim kullandigimiz bitki ugucu yaglarinin
Degirmen giivesinin larva o6ncesi yumurta doneminde
degisen uygulama dozunda benzer bir etki gosterdigi
gortulmiistiir. Buna gore 250 pul 1" ve 125 pl I'* hava dozlarinda
3 giinliik kisnis ve nane yaglarinda sirasiyla %85 ve %90 tizeri
fiimigant toksisite belirlenmistir. Bachrouch et al. (2010),
Pistacia lentiscus bitkisinden elde etikleri ugucu yagin E.
kuehniellenin yumurtalarinda 24 saat deneme siiresinde
acilma oranina bakmiglardir. Aragtirmacilar yumurtalarin
agilim oraninin yiikselen konsantrasyonlara gore degistigini
soylemektedirler. Yumurtalara 136 pl 1' hava dozunda
ve 24 saat fumigasyon uygulandiginda %70.5 oraninda
yumurtalarda 6liim meydana getirdigini rapor etmislerdir.
Pistacia lentiscus bitkisinin ugucu yagi bilesenlerinin en
biyiik kisminin lavanta bitkisinde bulunan bilesenlerle
yiiksek oranda benzer olmasindan dolayr kargilagtirma
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yapmak mimkiindiir. Caliyjmamizda Bachrouch et al.
(2010)’nin kullandiklar1 doz ve siirenin 2 katina tekabiil eden
ve %100 6liim veren deneme siiresi 48 saat ve uygulama dozu
da 275 pl I hava dozu olarak tespit edilmistir.

Arastiricillar - Origanum  acutidens L. ugucu  yaginin
Degirmen giivesi (Lepidoptera: Pyralidae) ergin 6ncesi larva
doneminde denendigi ¢aliymada gozlemlenen oliimlerin
artmasinin doza ve deneme siiresine gore degistigini rapor
etmislerdir (Caglar et al. 2007). Caligmamizda 24 ve 48 saat
deneme siireci sonunda ve doz artiglarina gére lavantanin
fiimigant toksisiteyi arttirdigi bulunmugtur. Younis-Al et
al. (2015), iki bitkiden elde ettikleri (Rosmarinus officinalis,
Lavandula angustifolia) ugucu yaglarin E. kuehniella‘nin
larvalarinda 24 saatlik fiimigant etkisini arastirmiglardir.
Buna gore lavanta bitkisinden elde edilen ugucu yagin
45 ve 50 pl I'" hava dozunda sirasiyla %96 ve %100 oliime
neden oldugunu sdylemektedirler. Caliymamizda kullanilan
bitki ayni olsa da farkli deneme siiresi ve yiiksek dozlarda
Younis-Al et al. (2015) yaptiklari ¢aliyma sonuglari ile
paralel gitmistir. Buna gore denememizde 72 saat deneme
stiresinde %96 ve %100 6liime neden olan dozlarin sirasiyla
300 ve 325 pl I'" hava dozuna tekabiil ettigi goriilmiistiir.
Mahmoudvand et al. (2012), R. officinalis bitkisinden elde
ettikleri ugucu yag:1 depo zararlisi E. kuehniella’nin 3. donem
larvalarina 24 saat uygulama siiresinde fiimigant etkisini
aragtirmislardir. Sonugta 24 saat deneme siiresi ve 100.5 pul 1!
hava dozunda %50 6liim, 166.5 pl I hava dozunda ise %90
olim goriildiglint tespit etmislerdir. Caligmamizda siire ve
kullandigimiz bitkiler farkli olmasina ragmen, R. officinalis
ucucu yaginda 6nemli miktarda bulunan etken maddelerin
lavanta bitkisi igeriginde bilesenler ile ¢ok benzerlik
gosterdiginden dolayr yaptigimiz deneme ile karsilastirma
yapmak miimkiindir. Denememizde 72 saatlik uygulama
stiresinde en diisiik 225 ul I hava dozunda larvalarda 6lim
oranimnin %70.37 oldugu ancak 300 ul I hava dozunda ise

%96.30 oraninda 6liim meydana geldigi goralmiistiir.

Zararlinin  gelisim donemleri iginde larvalarin hassas
oldugu, diisitk dozlarda bile etkili oldugu sadece lavanta
bitkisinde larvalarin yumurtaya gore dayanikli oldugunu doz
miktarlarindan anliyoruz. Yumurtalarda ise bu durum genel

olarak fiimigant toksisiteye kars1 direngli bulunmustur.

Giintimiizde birgok farkli depo zararlisinda yapilan ugucu
yag fiimigant denemeleri gibi yaptigimiz ¢aliymadaki
denemeler degerlendirildiginde, Degirmen giivesinin farkli
iki donemine, ugucu yaglarin fiimigant etkiye sahip olduklar1
ve {iriiniin fosfin gibi sentetik fiimigantlara alternatif

olugturabilecekleri kanaatine varilmigtir.

Denemeler sonucunda farkli bitki tiirlerinden elde edilen

ugucu yaglarin, depolarda tiriin kayiplarina neden olan ana
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zararl E. kuehniellanin farkli donemlerine fiimigant etkileri
yiiksek bulunmustur. Ugucu yaglarin iimitvar sonuglari
aragtirmalarin yiirtitilmesinde ve alternatif fiimigantlara
Un, hububat

depolar1 ve unlu mamuller iiretim alanlarinda zararli olan

basamak saglayacagi diigiiniilmektedir.
bu giiveye kars: etkin fiimigant gelistirme ¢aliymalarinda bu

aragtirmanin onemli veriler saglayacag disiintilmektedir.

TESEKKUR

Bu ¢aliyma Antalya ilinde organize edilmis “II Ulusal
Biyosidal Kongresi’nde sunulmus ve o6zeti basimistir. Bu
makale “Bazi bitkisel ugucu yaglarin Ephestia kuehniella’ya
(Lepidoptera: ~ Pyralidae) flimigant etkileri iizerinde
aragtirmalar” isimli tezin bir boliimiinden hazirlanmigtir.
Yasamim boyunca destegini gordiiglim canim Babacigim
Mubhittin ALPKENT’in anisina ve manevi destegi ile
okumama vesile sevgili annecigim Meryem ALPKENT’e

ithaf ediyorum.

OZET

Biyopreparatlar, bitkisel bilesikler ve fungus, bakteri,
nematod vb. canli organizmalardan elde edilen ve biyolojik
madde sekline getirilerek tarimda zararlilara ve hastaliklara
karst kullanilan preparatlardir. Elde edilmesi kolay ve
gevrede kalint1 birakmayarak buhar 6zelligine sahip hizli bir
sekilde parcalanabilen ugucu yaglar, kimyasal sentetiklere
alternatifler olarak goriilmektedir. Bu ¢alismada segilen
dort farkls bitkinin [kisnis (Coriandrum sativum L.), adagay1
(Salvia officinalis L.), lavanta (Lavandula angustifolia Mill.)
ve nane (Mentha spicata L.)] ugucu yaglarinin, Degirmen
glivesi Ephestia kuehniella Zeller (Lepidoptera: Pyralidae)‘nin
iki farkli gelisme donemine karsi fiimigant toksisitesine
bakilmustir. E. kuehniella'nin larva déneminde t¢ gtnlik
deneme siiresinde adagay1 ve kisnis ugucu yaglarinin en
yiiksek fiimigant etkiyi (sirastyla %96 ve %98) gosterdigi
belirlenmistir. Zararlinin yumurta déneminde ise lavanta
ve kignis ugucu yaglarinda %98 oraninda bir fiimigant etki
gortlmigtiir. Dahasi bu bitkilerin en az dozlarinin bile
yumurta agiimini en yiksek diizeyde engelledigi tespit
edilmistir. Bu sonuglara gére ¢evre dostu ugucu yaglarin

zararlinin miicadelesinde umut verici oldugu gortilmustiir.

Anahtar kelimeler: biyopestisit, adagayi, fiimigant toksisite,

kisnis, biyoaktivite, bitkisel
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This study was conducted to determine pests and natural enemies species,
found extensively on leafy vegetables grown in Bayburt, Erzincan, Erzurum
and Giimiishane provinces in 2015-2016. For this purpose, surveys were carried
out 2-4 weekly periods according to the simple random sampling method; it
covered at least 10% of the cultivation area. The collected samples were brought
to the laboratory and examined under stereo microscope, recorded by counting

the insects in plants and infestation rates of them were recorded. As a result

of the study, it was determined that harmful species belonging to Aphididae,
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Chrysomelidae families and useful species belonging to Anthocoridae,
Chrysopidae, Coccinellidae and Braconidae families and intensity of these

GIRIS

Tiirkiyede 2018 yili verilerine gore agik alan ve ortii altinda
8.947.266 da alanda 37.522.194 ton sebze firetilmistir.
Yine 2018 verilerine baktigimizda; agikta ve ortii altinda
364.807 da alanda 741.724 ton yaprag1 yenen sebzeler olarak
adlandirilan dereotu, feslegen, marul, maydanoz, nane,
polorosso, roka, semizotu ve tere iretilmistir (Anonim
2018). Yapragi yenen bu sebzelerin ¢ok sayida tiirii
Tirkiyenin farkli bolgelerinde agik alanda ve ortii altinda
yetistirilebilmektedir. Kivircik, aysberg, gobekli ve lolorosso
gibi farkli marul tirlerinin yetistirildigi tlkemiz yaklagik
490.000 tonluk tiretimi ile diinyada en fazla marul tireten
tilkeler arasinda yer almaktadir (FAO 2018).

15

Bir¢ok iiriinde oldugu gibi yapragi yenen sebzelerin
tretiminde de triin miktarini siirlayan hastalik, zararli,
yabanci ot vb. bircok etmen bulunmaktadir. Yaprag: yenen
sebzelerde kelebek larvalari, yaprak galeri giiveleri ve toprak
pirelerinin yapraklarda beslenmesi, sokucu emici agiz
yapisina sahip boceklerin yapraklari delerek beslenmesi
ve bazi hastalik etmenlerini bulastirmasi seklinde zarar
karsimiza ¢ikmaktadir. Tetranychus urticae (Koch) (Acarina:
Tetranychidae); Aphis fabae (Scopoli), Aphis gossypii
(Glover), Aulacorthum solani (Kaltenbach), Hyperomyzus
lactucae (L.), Macrosiphum euphorbiae (Thomas), Myzus
persicae (Sulzer), Nasonovia ribisnigri (Mosley), Pemphigus
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bursarius (L.), Rhopalosiphum nymphaeae (L.), Uroleucon
(Coch.) (Hemiptera: Aphididae);
vaporariorum (Westwood) (Hemiptera: Aleyrodidae); Thrips

cichorii Trialeurodes

tabaci (Lindeman), Frankliniella occidentalis (Pergande)

(Thysanoptera: Thripidae); Diabrotica balteata LeConte,

Diabrotica undecimpunctata  howardi Barber, Epitrix
hirtipennis (Melsheimer), Longitarsus ferrugineus (Foudras),
Phyllotreta spp. (Coleoptera: Chrysomelidae); Clivina

impressifrons LeConte, Stenolophus lecontei (Chaudoir)
(Coleoptera: Carabidae); Acrolepiopsis assectella (Zeller)
(Lepidoptera: Acrolepiidae); Agrotis ipsilon (Hufnagel), Feltia
subterranea (E), Helicoverpa zea (Boddie), Peridroma saucia
(Hubner), Spodoptera eridania (Cramer), Spodoptera exigua
(Hubner), Trichoplisia ni (Hubner) (Lepidoptera: Noctuidae);
Liriomyza trifolii (Burgess), Liriomyza bryoniae (Kaltenbach),
Liriomyza huidobrensis (Blanchard), Phytomyzae horticola
(Goureal) (Diptera: Agromyzidae); Delia platura (Meigen)
(Diptera: Anthomyiidae) ve Diglyphus isaea (Walker)
(Hymenoptera: Eulophidae)nin yapragi yenen sebzelerde
zararli tiirler oldugu ifade edilmektedir (Anonim 2019,
Blackman and Eastop 2019, Ellialtioglu et al. 2007, Holman
2009, Nuessly and Webb 2019, Sangiin 2010, Yagarakinci ve
Hincal 1997).

Son yillarda tilkemizde yetistiriciligi yapilan min6r tiriinlerde
bocek ve akarlar tarafindan olusturulan zararlar olduk¢a
yiksek seviyelerde karsimiza ¢ikmaktadir. Buna karsin
tireticiler tarafindan zararhlara karsi bilingsizce yapilan
ilaglamalar kalinti problemine yol a¢gmakta bu da insan
sagligini olumsuz etkilemektedir. S6z konusu zararlilara
kars1 etkili ve strdiriilebilir miicadele yontemlerinin
gelistirilmesine ihtiya¢ vardir. Miicadelede ise zararliyr
tanima mecburiyeti vardir. Bu ¢alisma kapsaminda Dogu
Anadolu Bolgesinin Bayburt, Erzincan, Erzurum ve
Gumishane illerinde dereotu, feslegen, marul, maydanoz,
nane, polorosso, roka, semizotu ve tere iiretimi yapilan
alanlarinda siirvey c¢aligmalart yapilmistir. Bu ¢alismalar

sonucunda s6z konusu iriinlerde zarar olusturan tiirler,

bunlarin dogal diiymanlari ve yayginliklar ortaya konmustur.

MATERYAL VE METOT

Caligmanin materyalini Bayburt, Erzincan, Erzurum
ve Giimishane illerinde vyetistirilen dereotu (Anethum
graveolensL.), feslegen (Ocimum basilicum L.), marul [iceberg
(Lactuca sativa L. var. capitata), lolorosso (Lactuca sativa L.
var. crispa), yedikule (Lactuca sativa L. var. longifolia) vb.],
maydanoz [Petroselinum crispum (Mill.) Fuss], nane (Mentha
spp.), polorosso (Cichorium intybus L. var. foliosum), roka
(Eruca sativa Mill.), semizotu (Portulaca oleracea L.) ve tere
(Lepidium sativum L.) bitkileri, bunlar {izerinde zarar yapan
bocek tirleri ile faydali bocek tiirleri, stereo mikroskop,

atrap, bocek aspiratori, kiltiir kaplar1 olugturmustur.
Siirvey ¢alismalari

Stirvey ¢aligmalar1 2015-2016 yillarinda mayis-eyliil aylarinda
Bayburt, Erzincan, Erzurum ve Giimiishane illerinde
dereotu, feslegen, marul, maydanoz, nane, polorosso, roka,
semizotu ve tere Gretim alanlarinda yurttalmistir (Cizelge
1). Siirveylerde Bora ve Karaca (1970)’ya gore basit tesadiifi
ornekleme yontemi ile ekilis alanlarinin en az %10’undaki
bitkilerde sayimlar yapilmis olup, arazi ¢ikislar1 vejetasyon

stiresi boyunca 2-4 haftalik periyotlarla gerceklestirilmistir.
Zararli-faydalilarin tespiti ve yogunluklarinin saptanmasi

Strveyler diretim alanini temsil edecek sekilde yapilmuistir.
Biiyiik yaprakli bitkilerde (marul ve polorosso), 100-250
m? arasindaki iiretim alanlarindan 5 adet bitki, 250-1000
m? arasindaki tretim alanlarindan 10 adet bitki; kiigtik
yaprakl bitkilerde (dereotu, feslegen, maydanoz, nane, roka,
semizotu ve tere) 100-250 m? arasindaki tiretim alanlarindan
20 adet bitki, 250-1000 m? arasindaki tiretim alanlarindan
50 adet bitki kokleriyle birlikte topraktan ¢ikarilip buz
kutusu igerisinde laboratuvara getirilerek stereo mikroskop
altinda incelenmis, bitkilerde bulunan bocekler sayilarak
kaydedilmis ve yogunluklari belirlenmistir. Arazide goriilen

predator tiirlerin ergin bireyleri aspiratdr yardimiyla érnek

Cizelge 1. 2015-2016 yillarinda Bayburt, Erzincan, Erzurum ve Glimiishane illerinde marul, maydanoz, dereotu, roka, tere, nane

ve semizotu ekilig alanlar1 (da)

Bitkiler Marul Dereotu Maydanoz Nane Roka Semizotu Tere Toplam
Iller 2015 | 2016 | 2015 | 2016 | 2015 | 2016 | 2015 | 2016 | 2015 | 2016 | 2015 | 2016 | 2015 | 2016 | 2015 | 2016
Bayburt 64 63 - - 11 10 - - - - - - - - 75 73
Erzincan 125 130 - - 76 96 50 45 - - - - - - 251 | 271
Erzurum 228 | 199 3 3 102 92 12 11 1 1 23 25 17 16 386 | 347
Giimiigshane | 63 79 - - 6 6 - - - - - - - - 69 85
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kutularina alinarak laboratuvara getirilmistir. Taninan tiirler
say1lip kaydedilmis, taninamayan tiirler ise teshise hazir hale
getirilip teshis i¢in konu uzmanina génderilmistir. Arazide
yumurta, larva, pupa ve ergin Orneklerindeki parazitoit
tirleri saptamak i¢in ornekler iklim odasinda kiiltiire
alinmigtir. Elde edilen parazitoitler, igerisinde %95 etil alkol
bulunan Ephendorf tiiplerine aktarilmis ve konu uzmanina
gonderilerek teshisleri yaptirilmistir.

Laboratuvar ¢alismalar

Arazi strveyleri esnasinda toplanan zararli ve faydali
tirlerin ergin ve ergin oncesi donemleri laboratuvara
getirilmistir. Ergin 6ncesi dénemde olan zararl ve faydallar,
iklim odasinda 25+1 °Cde, %60+10 orantili nem, 16 saat
aydinlik ve 8 saat karanlik kosullarda kiiltiire alinarak ergin
olmalari saglanmistir. Gerek araziden toplanan ve gerekse de
laboratuvarda kiiltiire alinarak elde edilen erginler usuliine
uygun olarak kodlanarak etiketlenmis ve buzdolabinda
muhafaza edilmistir. Aphididae familyasina ait 6rneklerin
lam lamel arasi preparatlar1 yapilmig; Chrysomelidae
familyasina ait ornekler igerisinde %70 etil alkol bulunan
Ephendorf tiiplerine aktarilmig; Anthocoridae, Chrysopidae
ve Coccinellidae familyasina ait ornekler etiketlenerek
ignelenmis; parazitoit tiirler ise igerisinde %95 etil alkol
bulunan Ephendorf tiiplerine aktarilarak teshise hazir
hale getirilmistir. Parazoitleri saptamak igin, incelenen
tiretim alanlarinda zararlilar ile bulagik oldugu distiniilen
parazitlenmis ornekler iklim odasinda kiiltiire alinmuis,
parazitoit ¢ikis1 gozlenip ¢ikis oldugunda, 6rnekler ierisinde

%95 etil alkol bulunan Ephendorf tiiplerine aktarilmistir.

SONUCLAR

Calisma sonucunda yapragi yenen sebzeler {iizerinden,
zararll tiirlerden Acyrthosiphon ilka Mordvilko, Aphis
craccivora Koch, A. gossypii Glover, Neomyzus circumflexus
(Buckton) (Hemiptera: Aphididae); Entomoscelis adonidis
(Pallas), Phyllotreta atra (Fabricius), P. nigripes (Fabricius)
(Coleoptera: ~ Chrysomelidae); faydali tiirlerden ise
Anthocoris pilosus (Jakovlev), Orius minutus (Linnaeus)
(Hemiptera: Anthocoridae); Chrysoperla carnea (Stephens)
(Neuroptera: Chrysopidae); Adalia bipunctata (Linnaeus), A.
fasciatopunctata revelierei Mulsant, Coccinella septempunctata
(Linnaeus), Oenopia (Synharmonia) conglabata (Linnaeus)
(Coleoptera: Coccinellidae) ve Praon volucre (Haliday)
(Cizelge
2). Zararli tirlerden olan yaprakbitleri dereotu, marul

(Hymenoptera: Braconidae) tespit edilmistir
ve semizotunda, yaprak bocekleri olarak gruplandirilan
Chrysomelidae’ler ise roka bitkisi tizerinde tespit edilmistir.
Faydal: olarak tespit edilen predatér ve parazitoit tiirler ise

¢alisma sonucunda tanimlanan yaprakbitleri olan A. ilka,
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A. craccivora, A. gossypii ve N. circumflexus tzerinden tespit
edilmistir.

Calismanin  yiriatildigt  stirvey alanlarinda  yaprag:
yenen sebzelerde bulunan zararli ve faydali tiirlerin bitki
basina yogunluklar1 da belirlenmistir (Cizelge 3). Cizelge 3
incelendiginde zararl tiirler igerisinde bitki basina yogunluk
en fazla yaprakbitlerinde (Aphididae) iken yaprak bocekleri
(Chrysomelidae) bunlar1 takip etmigtir. Faydali tiirler
igerisinde ise bitki bagina yogunluk predatdr tirlerden en
fazla Coccinellidae familyasindan C. septempunctatada, en
az A. pilosus ve O. minutusda oldugu tespit edilmistir. Yine
faydali tiirlerden olan A. gossypii’den elde edilen parazitoit
tir P volucrenin de bitki bagina diisik yogunluga sahip

oldugu belirlenmistir.

TARTISMA VE KANI

Bu ¢aliyma sonucunda Bayburt, Erzincan ve Erzurum
illerinde yetistirilen yapragi yenen sebze tiirlerinden dereotu,
marul, semizotunda zararhi tirlerden A. ilka Mordvilko,
A. craccivora Koch, A. gossypii Glover, N. circumflexus
(Buckton) (Hemiptera: Aphididae); roka bitkisinde ise E.
adonidis (Pallas), P. atra (Fabricius), P. nigripes (Fabricius)
(Coleoptera: Chrysomelidae) tiirleri saptanmigtir. Siirvey
alanlarindan  Giimiishane ilinde, herhangi bir zararh
Merkez,
Pirahmet koyiinde her ne kadar maydanozda yaprak bocegi

ve faydali tir saptanmamusti. Gilimiishane,
(Chrysomelidae) zararina benzeyen belirtiler goriilmis
ise de zararliya rastlanilmamustir. Ellialtioglu et al. (2007),
Sanlurfada nane alanlarinda yiiriitmis olduklar: ¢aliyma
sonucunda, T. urticae (Koch) (Acarina: Tetranychidae),
P saucia (Hubner) (Lepidoptera: Noctuidae)nin nane
bitkisi tizerinde zarar yaptigini saptamiglardir. Sangiin
(2010), Dogu Akdeniz Bolgesi marul ekim alanlarinda
A. gossypii, A. solani (Kaltenbach), H. lactucae (L.), M.
persicae (Sulzer), N. ribisnigri (Mosley), P. bursarius (L.), R.
nymphaeae (L.) (Hemiptera: Aphididae)’nin zararl tiirler
oldugunu belirtmistir. Soylu et al. (2017), Hatay ilinin
marul (Lactuca sativa L.) yetistiriciligi yapilan alanlarinda
yuriitmils olduklar1 ¢aligma sonucunda yaprakbitleri
(A. gossypii, M. persicae), trips (T. tabaci, E. occidentalis),
yaprakpireleri (Empoasca decipiens, Asymetresca decedens),
beyazsinek (Bemisia tabaci), yaprakkurdu (Spodoptera
littolaris) ve yesilkurdun (Helicoverpa armigera) marul
bitkisinde zararl tiirler oldugunu tespit etmislerdir. Nuessly
and Webb (2019), Macrosiphum euphorbiae (Thomas), M.
persicae, Uroleucon pseudambrosiae (Olive) (Hemiptera:
Aphididae), Frankliniella spp. (Thysanoptera: Thripidae),
D. balteata LeConte, D. undecimpunctata howardi Barber,
(Coleoptera: Chrysomelidae), C. impressifrons LeConte,

S. lecontei (Chaudoir) (Coleoptera: Carabidae), A. ipsilon
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Cizelge 2. 2015-2016 yillarinda Bayburt, Erzincan, Erzurum ve Giimiishane illerinde yaprag: yenen sebzeler tizerinde bulunan
zararly, faydali tiirler ve konukgular:

Tiirler
Takim Familya Konukgular1

Zararh Turler

Acyrthosiphon ilka Mordvilko Lactuca sativa L.
Aphis craccivora Koch Portulaca oleraceae L.
Hemiptera Aphididae
Aphis gossypii Glover Portulaca oleraceae L.
Neomyzus circumflexus (Buckton) Anethum graveolens L.
Phyllotreta atra (Fabricius) Eruca sativa Mill.
Coleoptera  Chrysomelidae Phyllotreta nigripes (Fabricius) Eruca sativa Mill.
Entomoscelis adonidis (Pallas) Eruca sativa Mill.
Faydal Tiirler
Anthocoris pilosus (Jakovlev) Acyrthosiphon ilka Mordvilko
Hemiptera  Anthocoridae
Orius minutus (Linnaeus) Aphis craccivora Koch, Aphis gossypii Glover

Acyrthosiphon ilka Mordvilko,

Neuroptera  Chrysopidae Chrysoperla carnea (Stephens) Aphis craccivora Koch, Aphis gossypii Glover

Adalia bipunctata (Linnaeus) Aphis craccivora Koch, Aphis gossypii Glover

Adalia fasciatopunctata revelierei Mulsant  Aphis craccivora Koch, Aphis gossypii Glover

Coleoptera  Coccinellidae Acyrthosiphon ilka Mordvilko,

Coccinella septempunctata (Linnaeus) Aphis craccivora Koch, Aphis gossypii Glover,
Neomyzus circumflexus (Buckton)

Oenopia (Synharmonia) conglabata

(Linnaeus) Aphis craccivora Koch, Aphis gossypii Glover

Hymenoptera  Braconidae Praon volucre (Haliday) Aphis gossypii Glover
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Cizelge 3. 2015-2016 yillarinda Bayburt, Erzincan, Erzurum ve Gimiishane illerinde yaprag: yenen sebzeler iizerinde bulunan
zararly, faydali tirler ve yogunluklar

Siirve Zararli Faydali
- . ; ; Y . yogunluk . yogunluk
Sebze tiirii Tarih 1l Ilge yapilan Zararl tiir (birey-adet Faydal tiir (birey-adet
alan (da) bitki) bitki)
Neomyzus
18.06.2015  Bayburt Merkez 0.3 circumflexus 2.5
Dereotu (Buckton)
Coccinella
18.06.2015  Bayburt Merkez 0.3 - - septempunctata 0.63
(Linnaeus)
Acyrthosiphon
30.06.2016  Erzurum Merkez 1.3 ilka Mordvilko 4 - -
Coccinella
30.06.2016  Erzurum Merkez 1.3 - - septempunctata 2
(Linnaeus)
Marul
Chrysoperla
30.06.2016  Erzurum Merkez 1.3 - - carnea 0.5
(Stephens)
Anthocoris
30.06.2016  Erzurum Merkez 1.3 - - pilosus 0.2
(Jakovlev)
19.06.2015  Erzurum Merkez 2 Phy llotrgtfz atra 0.38 - -
(Fabricius)
11.09.2015 Erzurum  Merkez o Phyllotretanigripes - -
(Fabricius)
Entomoscelis
Roka 05.10.2015  Erzurum Merkez adonidis (Pallas) 2.2 - -
30.06.2016  Erzurum Merkez 0.1 Phyllotreta sp. 1.5 - -
Chrysoperla
16.08.2016  Erzincan Merkez 0.2 - - carnea 7
(Stephens)
22.09.2016  Bayburt Merkez 0.1 Phyllotreta sp. 0.5 - -
03.082016 ~Erzurum  Merkez 1o Aphiscraccivora - -
Koch
03.08.2016  Erzurum Merkez 1.2 30 - -
03.082016 Erzurum  Merkez 1.2 Aphis gossypii - Orius minutus 0.2
Glover (Linnaeus)
Adalia
. 03.08.2016  Erzurum Merkez 1.2 - - bipunctata 3
Semizotu -
(Linnaeus)
Adalia
03.082016 Erzurum  Merkez 12 - _ fasclatopunctata
revelierei
Mulsant
Coccinella
03.08.2016  Erzurum Merkez 1.2 - - septempunctata 8
(Linnaeus)
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03.08.2016  Erzurum Merkez 1.2

Semizotu

03.08.2016  Erzurum Merkez 1.2

Oenopia
(Synharmonia)
- 2
conglabata
(Linnaeus)
i i Praon volucre 05

(Haliday)

(Hufnagel), E subterranea (E), H. zea (Boddie), P. saucia
(Hubner), S. eridania (Cramer), S. exigua (Hubner), T. ni
(Hubner) (Lepidoptera: Noctuidae), L. trifolii (Burgess)
(Diptera: Agromyzidae) ve D. platura (Meigen) (Diptera:
Anthomyiidae)nin yapragi yenen sebze tiirlerinde zararli

tiirler oldugunu ifade etmislerdir.

Yaprakbiti  tiirleri tizerinde beslenen bunlari

parazitleyen faydali tiirler de galijma sonucunda tespit

veya

edilmigtir. Predatér tiirlerden olan A. pilosus (Jakovlev)un
A. ilka tuzerinde; O. minutus (Linnaeus)’un A. craccivora
ve A. gossypii Uzerinde; C. carnea (Stephens)nin A.
ilka, A. craccivora ve A. gossypii Uzerinde; A. bipunctata
(Linnaeus)nin A. craccivora ve A. gossypii Uzerinde; A.
fasciatopunctata revelierei Mulsantnin A. craccivora ve A.
gossypii tzerinde; C. septempunctata (Linnaeus)nin A. ilka,
A. craccivora, A. gossypii ve N. circumflexus tzerinde; O.
(Synharmonia) conglabata (Linnaeus)’nin ise A. craccivora
ve A. gossypii tizerinde beslendigi tespit edilmistir. Ayrica
parazitoit tiir olan P. volucre (Haliday)'nin de A. gossypiinin
parazitoiti oldugu ¢alisma sonucunda belirlenmistir. Olmez
Bayhan ve Ulusoy (2002), Diyarbakir ilinde Aphidoidea tist
familyasina bagl tiirlerin predatérlerinin belirlenmesine
yonelik yapmis olduklar ¢alisma sonucunda 5 takima bagli
8 familyadan toplamda 45 predatdr tiir tespit etmislerdir.
Bu tirlerden C.

beslendigini; Anthocoris minki Dohrnnin A. gossypiinin

carneanin  A. craccivora lizerinde
tizerinde beslendigini; O. minutusun Acyrthosiphon pisum
(Harris) ve A. gossypiinin fzerinde beslendigini; Orius
niger Wolff’in A. craccivora ve A. gossypiinin iizerinde
beslendigini; C. septempunctata, Exochomus nigromaculatus
(Goeze), Platynaspis luteorubra (Gozeze) ve Scymnus
rubromaculatus'un A. craccivoranin tizerinde beslendigini;
Psyllobora vigintiduopunctata (L.), Scymnus pallipediformis
Giinter ve Scymnus subvillosus Gozeze'un A. gossypiinin
tizerinde beslendigini; Hippodomia variegata (Goeze),
Hyperaspis quadrimaculata Redt., Scymnus interruptus
(Goeze) ve Scymnus levaillanti Mulsantnin A. craccivora
ve A. gossypii tizerinde beslendigini ifade etmislerdir. Giileg
(2011), Antalya sehri park alanlarindaki bitkilerde bulunan
yaprakbitleri ve dogal diismanlarinin belirlenmesi {izerinde
yuriittigi ¢aliyma sonucunda, C. septempunctata ve O.

conglabatamin A. craccivora ve A. gossypiinin predatorii
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oldugunu; Aphidius colemani Viereck, Aphidius matricariae
Haliday, Binodoxys acalephae (Marshall), Binodoxys angelicae
(Haliday), Lysiphlebus cardui (Marshall), Lysiphlebus fabarum
(Marshall), Ephedrus persicae Froggatt (Hymenoptera:
Baraconidae) ve Aphelinus spp. (Aphelinidae)nin ise
A. craccivora ve A. gossypiinin parazitoiti olduklarini
belirtmistir. Alaserhat ve Canbay (2017), Erzincan ilinde
biberler tizerinde yapmis olduklari galisma sonucunda C.
septempunctatanin A. craccivoranin predatorii oldugunu;
A. fasciatopunctata revelierei, C. septempunctata ve O.
conglobata’nin A. gossypiinin predatorleri oldugunu tespit
etmislerdir. Ayrica parazitot tiirlerden Lipolexis gracilis
(Foerster) ve P. volucre'nin Pamuk yaprakbiti A. gossypiinin
parazitoiti oldugunu belirlemislerdir. Alaserhat ve Kaplan
(2017), Tunceli ilinde yapmis olduklari ¢alisma sonucunda
A. craccivora ve A. gossypii tiirleri iizerinde predator olarak
beslenen C. septempunctata ve Scymnus rubromaculatus
(Goeze) tiirleriile A. gossypiinin parazitoiti olarak L. gracilis’i

tespit etmislerdir.

Son yillarda yapragi yenen sebzelerde hastalik, zararli ve
yabanci otlarla miicadele sorunlar: artis gostermekte ve buna
bagli olarak kontrolsiiz ve sadece hedef organizmaya etkili
olan segici ilag kullanimlar1 yerine gelisigiizel ilaglamalar
sonucunda kalinti problemleri ile karsilasiimaktadir
(Tuncer et al. 2018). Bunun sonucu olarak insan ve gevre
saghgini olumsuz yonde etkilemektedir. Bu problemleri
yenebilmek icin ise hedef alanda bulunan zararlinin, dogal
diigmanlarinin ve bunlarin yayginlik ve yogunluklarinin
tespitinin yapilmasi ve buna gore miicadele programlarinin
yuritilmesi kaginilmazdir. Bu ¢aliyma sonucunda Dogu
Anadolu Bolgesinde yer alan Bayburt, Erzincan, Erzurum
ve Gilimiishane illerinde yetistirilen yapragi yenen sebze
tirlerinde zararli ve faydali tiirler ile bunlarin yayginlik
ve bitki basina yogunluklari belirlenmistir. Elde edilen
sonuglar yapragi yenen sebzelerde bulunan zararlilarla ilgili
ilerde yapilabilecek biyolojik miicadele ¢aligmalarina altyap:

olugturacaktir.

TESEKKUR

Bu ¢aliyma Tarimsal Arastirmalar ve Politikalar Genel
TAGEM-BS-15/09-10/02-08
(7) nolu proje ile desteklenmistir. Desteklerinden dolay1

Midirlagin  tarafindan
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Tarimsal Aragtirmalar ve Politikalar Genel Midiirligiine ve
Erzincan Bahge Kiiltiirleri Arastirma Enstitiisiine tesekkiir
ederiz. Ayrica ¢aligma sonucunda elde edilen Coccinellidae
familyasina ait tiirlerin teshisini yapan Sayin Prof. Dr. Nedim
UYGUN%a (Gukurova Universitesi, Ziraat Fakiiltesi, Bitki
Koruma Bolimii, emekli 6gretim iiyesi), Chrysomelidae
familyasina ait tiirlerin teshisini yapan Sayin Prof. Dr. Ebru
Giil ASLAN’a (Siilleyman Demirel Universitesi Fen-Edebiyat
Fakiiltesi Biyoloji Boliimii), Chrysopidae familyasina ait
tiriin teshisini yapan Sayin Prof. Dr. Ali SATARa (Dicle
Universitesi Fen Fakiiltesi Biyoloji Béliimii), Braconidae
familyasina ait tiiriin teshisini yapan Sayin Prof.Dr. Zeljko
Tomanovi¢e (Belgrade University, Faculty of Biology,
Institute of Zoology), Anthocoride familyasina ait tiirlerin
teshisini yapan Sayin Dr. Giilten YAZICTya (Ankara Zirai
Miicadele Merkez Arastirma Enstitiisii) tesekkiir ederiz.

OZET

Bu ¢alisma, 2015-2016 yillarinda Dogu Anadolu Bolgesinde
Bayburt, Erzincan, Erzurum ve Gilimiigshane illerinde
yapragi yenen sebzelerin yetistirildigi alanlarda zararhi ve
faydali bocek tiirlerini belirlemek amaci ile yapilmuigtir.
Bu amagla stirveyler basit tesadiifi 6rnekleme yontemine
gore, ekilis alanlarinin en az %10’unu kapsayacak sekilde
2-4 haftalik periyotlarla gerceklestirilmistir. Siirveylerde
toplanan ornekler laboratuvara getirilip stereo mikroskop
altinda incelenmis, bitkilerde bulunan bocekler sayilarak
kaydedilmis ve yogunluklar1 belirlenmistir. Calisma
sonucunda Aphididae, Chrysomelidae familyalarina ait
zararli tiirler ile Anthocoridae, Chrysopidae, Coccinellidae
ve Braconidae familyalarina ait faydali tiirler ve bu tiirlerin

bitki bagina yogunluklar: belirlenmistir.

Anahtar kelimeler: zararli, dogal diisman, yapragi yenen

sebze, Dogu Anadolu Bolgesi
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This study was carried out in the cherry orchards of Afyonkarahisar province in
order to determine the population fluctuation of Pandemis cerasana (Hibner,
1786) (Lepidoptera: Tortricidae) and the damage rate in bouquets and fruits.
The larvae of P. cerasana damage the buds, flowers, leaves and fruits of the cherry
tree. In this study, adult population fluctuation of P. cerasana and the damage rate
were determined in five different cherry orchards in Afyonkarahisar province.
The first adult emergence in cherry orchards took place in the third week of May
in 2007 and 2008 and the adult population peaked twice. The end of the adult
flights differed according to years and cherry orchards and took place between
August - October. Similarly, the damage rate of P. cerasana in bouquets and fruits
changed according to years and cherry orchards. The damage rate in the bouquet
varied between 15.40 % to 56.30% and the damage rate in the fruit varied between
2.80% to 9.80% in 2007 and the damage rate in the bouquet varied between 13.70
- 54.00% and the damage rate in the fruit ranged between 2.00% and 8.10% in
2008. According to the statistical evaluation, the difference between years was
not found significant with regard to the damage rate. However, the difference

between the orchards in terms of the damage rate was found significant.

INTRODUCTION

Cherry (Prunus avium L.) (Rosales: Rosaceae) is known as
the native fruit between South Caucasus, Caspian Sea and
Northeast Anatolia (Ozbek 1978). Turkey is one of the origin
centers of cherries and cherry cultivation is done in almost
everyregion. Cherry is one of the fruit produced economically
for domestic consumption and export. According to 2018

data, cherry production was 639.564 tons (Anonymous
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2018) and 161.674 tons of total cherry production of Turkey
was exported (UIB 2019).

There are harmful organisms that cause economic damage
in cherry orchards. Apple leafroller Archips rosanus L.
(Lepidoptera: Tortricidae) is generally present in cherry

orchards and causes significant damage when no control
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measures are taken (Anonymous 2017). In apple orchards in
Erzincan province A. rosana was found as an intensive and
determined as an important species (Canbay and Tozlu 2013).
Pandemis cerasana (Hiibner, 1786) (Lep: Tortricidae) was
rarely present in cherry orchards in our country. P. cerasana
larvae give damage by feeding on buds, flowers, leaves and
fruits of the cherry tree. Larvae damage the ripened cherry
fruits by gnawing and by wrapping the leaf bouquet with
silky yarns secreted by the larvae inside the leaves during
the harvesting period of cherry fruit. It is found in orchards,
other woodland areas and many kinds of deciduous trees,
especially fruit-trees (Anonymous 2019). Betula, Corylus
avellana, Fagus, Quercus, Acer, Ulmus, Salix, Larix, Pinus,
Abies, Tilia, Rosa, Rhamnus, Sorbus, Prunus, Pyrus and fruit
trees are hosts of P. cerasana (Balachowsky 1966, Ozdemir et
al. 2005, Razowski 2001).

Its biology is very similar to the other leafroller species but
it has more economic importance than the other species.
Especially damage is seen during harvesting and farmers feel
weak in control of P. cerasana. Its damage is seen on leaves
and bouquets as well as the fruits and cause directly loss of

yield and leads to economic losses.

In this study, population changes of P cerasana adults
was observed and damage rate in cherry orchards was
evaluated in five cherry orchards in two different districts in
Afyonkarahisar province of Central Anatolia Region where
cherry is produced especially for export. In this study, it was
aimed to give information about damage status of P. cerasana
in important cherry production areas and obtained some

data for timing the control of this insect.

MATERIALS AND METHODS

The main material of the research was Pandemis cerasana
(Hiibner, 1786) and the other materials were P cerasana
infested cherry orchards, P. cerasana Pherocon IC pheromone
traps and various laboratory materials. Dr. Mustafa Ozdemir

as an expert identified P. cerasana adults.

This study was conducted in five cherry orchards in Sultandag:
and Cay districts of Afyonkarahisar in 2007-2008. The cherry
orchards were established with 0 900 Ziraat varieties and the
number of trees in the orchards varied between 125-210. In
the study, the adult population fluctuation of P. cerasana was
observed by using pheromone traps and the damage rate was
determined in bouquet and fruit. Pheromone traps were hung
to a height of 1.5-2 m from the ground and to the prevailing
wind direction. The traps were checked twice a week until
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the first adult was caught, they were checked every week after
the first adult was captured and the number of adults trapped
was recorded. The traps were monitored for another three
weeks after the last adult was caught. Pheromone capsules
were changed every 4-6 weeks; the sticky plates were replaced

with new ones when they became dirty.

In order to determine the damage rate of P. cerasana in the
bouquet, 100 bouquets were checked every week on the
sample trees starting from April. The number of damaged
bouquets recorded and the damage ratio was determined.
Even if there was only one leaf infested by the larva in a
bouquet, that bouquet was considered damaged. In addition,
1000 cherry fruit samples were taken randomly from different
directions and heights of sample trees during the harvesting
period to determine the fruit damage of P. cerasana and the
number of damaged fruit was recorded. Percentage of damage
rate was calculated on the bouquets and fruits. The counts in
the bouquets and fruits were made separately in each trial
orchard and the damage ratio of the cherry bouquet and fruit
was calculated. The variance analysis was performed with
the obtained data and was analyzed by using Tukey multiple
comparison test. Statistical analyzes were performed with the
help of MINITAB Release 18 (McKenzie & Goldman 2005).

RESULTS AND DISCUSSION

In 2007, pheromone traps were hung on May 1 in five
different cherry orchards in Sultandagi and Cay districts
of Afyonkarahisar province. Except for the second cherry
orchard in Sultandagy, the first adults were caught on May
21 in both districts. Twice adult population peaks occurred
in each of five orchards (Figure 1). The peak date of the P
cerasana population varied according to the orchards. The
adult population reached its peak in the orchard I, IT and IV
on May 30 and August 1; in the orchard III on June 6 and July
25 in Sultandag district; and in the orchard V on May 30 and
August 8 in Cay district.

Dates of the adult flights varied according to the orchards.
The adult flight ended on October 17 in the orchard I, on
August 22 in the orchard II; on September 12 in the orchard
III and IV and on August 29 in the orchard V. According
to the results, the adult flight duration period in the first,
second, third, fourth and fifth orchards in 2007 were 149, 93,
114, 114 and 100 days, respectively.

P. cerasana pheromone traps were hung in cherry orchards
in Sultandag1 and Cay districts of Afyonkarahisar province
on May 6, 2008. In both districts, the first P. cerasana adults
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Figure 1. Adult population fluctuations of Pandemis
cerasana (Hibner, 1786) (Lepidoptera: Tortricidae) in
different cherry orchards in Sultandagi and Cay districts of
Afyonkarahisar in 2007

were caught on 20 May (Figure 2). The peak of the adult
population of P. cerasana varied according to the orchards.
According to the obtained data, adult population reached its
peak in the first orchard in Sultandagi and in the orchard III
on May 27 and August 5, in the orchard II on May 27 and
August 12. In other orchards such as orchard IV on May 20
and August 12 and in the orchard V on May 30 and August 5,
the adult population reached its peak.

100

===0Qrchard |
75 == QOrchard ||
s Orchard Il
= 0Orchard IV
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Number of adults (adults/2 traps)

Figure 2. Adult population fluctuations of Pandemis
cerasana (Hibner, 1786) (Lepidoptera: Tortricidae) in
different cherry orchards in Sultandag1 and Cay districts of
Afyonkarahisar in 2008

The dates of the end of adult flights differed according to the
orchards. In Sultandag: I and III orchards adult flight ended
on October 21, in the orchard II on September 23, in the
orchard IV on October 7 and in the orchard V on August
19. In 2008 adult flight duration in the Sultandag: I and III
orchard was 154 days while it was 126, 140 and 91 days in
the orchard II, IV and V respectively. The average adult flight
duration of both two years was determined as 151.5 + 2.5
(149-154) in the first orchard; 137.5 + 11.5 (126-149) days in
the orchard II; 151.5 + 2.5 (149-154) days in the orchard III;
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127 £ 12.9 (114-140) days in the orchard IV and 95.5 + 4.5
(91-100) days in the orchard V.

According to a study conducted in 2010 in Uzimli and
Central districts of Erzincan province, Archips rosana has
an adult flight period of 43 days and A. podana’s adult flight
period is 118 days. This study mentions that A. rosana’s adult
flight period is 35 days in Central district. A. podana’s adult
flight period has been determined as 102 days. Parallel to
our study, the duration of the adult flight period of leafroller

species in the same group changed according to districts.

In 2007, the number of adults caught by pheromone traps
varied according to the orchards (Figure 2). It can be seen
from Figure 2 that the pest density in the II, IV and V
orchards was lower than the other two orchards. Average
number of adults caught by pheromone traps was 438 + 13.03
(1-221); 62.5 + 4.41 (1-60); 201.5 + 10.05 (1-162); (1-162),
60 + 3.26 (1-57) and 21 * 0.79 (0-11) in the orchards I, II,
IIL, IV and V respectively. According to these results, it is
seen that the pest population was the highest in the orchard
I. Orchard III, II, IV. and V. followed orchard I (Figure 2). It
can be seen from the results that the density of P. cerasana in
cherry orchards in Sultandag: district was found higher than

the density in Cay district.

In 2008, the number of adults caught by pheromone traps
varied according to the orchards (Figure 3). It can be seen
from Figure 3, the second orchard in Sultandag district and
the third orchard had higher pest density than the other
three orchards. The number of adults caught by traps in
Sultandag: district was determined as 166.5 + 5.00 (1-94); 63
+1.97 (1-34); 160.5 + 4.55 (1-71) in the orchard I, II and III
respectively while the district of Cay orchards IV. and V. were
149 +3.70 (1-58) and 20 + 0.67 (1-9), respectively (Figure 3).

According to Figure 3 the most intense population was seen

@ 450

£ 400 = 2007 2008

Na.

11} v
Orchards

s (adults
NN W W
o o O O,
O O O o

150
100

Number of adults (adults/.

an
o

L B

Figure 3. Adult numbers of Pandemis cerasana (Hiibner,
1786) caught in pheromone traps in 2007-2008 cherry
orchards in Sultandag1 and Cay districts of Afyonkarahisar

province
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in the first orchard, followed by orchards IIL., IV., II. and V. In
general, P. cerasana density in cherry orchards in Sultandag:
district was higher than the pest density in cherry orchards
in Cay district.

Damage ratio of P. cerasana

P cerasana population that overwintered in 2007 started
to feed under the actively opened buds starting from the
second week of April. The larvae emerged and fed beneath
the opened buds in early April. As the larva develops, it fed
with the epidermis of the leaf by gluing the leaves together,
and it fed with leaves, flowers and buds by tying the bouquets
together with the secreted threads. It consumes a large
portion of the fruits in the bouquet in the early period and
feeds with fruit flesh superficially or head towards the core of
the ripe or about to ripe fruits and pollutes it with secretion
and excreta. P, cerasana damaged to leaves and fruits known
as in a group of leafroller (Zangheri et al. 1992). In addition,
secreted silky yarns and faeces were reported to spoil the fruit
quality (LaGasa 1996). Evans (1970) stated that the pest fed
with various broad-leaved trees and shrubs, but do damage
to Garry oak trees (Quercus garryana) and cause leaf fall
in North America. Doganlar (2007) stated that the young
larvae of Archips rosanus move to opening buds and feed on
both sides of new leaves. Percentage of damaged bouquets
determined in the cherry orchards with the counts of the
bouquet in 2007 and 2008 years. The loss percentage rate of

P. cerasana in bouquets during the season is given in Table 1.

When Table 1 is analyzed, the damage rate in the bouquet
in the first orchard was 56.30% in 2007 and 54.00% in 2008
and the difference was not statistically significant (F = 0.17;
p>0.05). In 2007 the damage rate in the orchard II was

28.00, while it was 26.20 in 2008 and the difference was not
statistically significant (F = 0.17; p>0.05).

In 2007, the damage rate in the orchard IIT was 48.80, while
it was 44.90 in 2008 and the difference was not statistically
significant (F = 0.45; p>0.05). In 2007, the damage rate in
the orchard IV was 39.20 while it was 40.20 in 2008 and the
difference was not statistically significant (F = 0.03; p>0.05).
While the damage rate in the bouquet in the orchard V in
2007 was 15.40 + 6.06, it was 13.70 in 2008 and the difference
was not statistically significant (F = 0.03; p>0.05). As a result,
the difference between the years in terms of the damage rate
of the bouquet in the orchards was not found statistically
significant between 2007-2008 years. When Table 1 is
examined the rate of the damaged bouquet in 2007 was the
highest (56.30%) in the orchard I. It was 48.80% in orchard
III. Damage rates were 39.20% in orchard IV, 28.00% in
orchard IT and 15.40% in orchard V. The difference between
the orchards was found to be statistically significant (F =
22.21; p<0.05).

The rate of bouquet that was damaged in 2008 was again the
highest in the first orchard (54.00%). Damage rate of orchard
III was 44.90% while it was 40.20% in the orchard IV and
28.00% in the orchard II and 15.40% in the orchard V. The
difference between orchards was statistically significant (F=
21.70; p<0.05) (Table 1). According to the counts during
harvesting, the damage rate of P. cerasana in the fruit varied
according to the orchards. In 2007, the number of damaged
fruit was 9.8% in the first orchard and followed by orchard
III (6.2%). Fruit damage was 5.1% in orchard IV while it was
4.3% in orchard II and 2.8% in orchard V (Figure 4). When
the Figure 4 is examined, the number of damaged fruits in
2008 was parallel to 2007. According to this, the ratio of

Table 1. Damage ratio of Pandemis cerasana (Hibner 1786) in different cherry orchards in Sultandagi and Cay districts of

Afyonkarahisar province in 2007- 2008

Years % Damage+ SD
(%95 CI)
Orchard 1 Orchard IT Orchard IIT Orchard IV Orchard V
2007 56.30+£12.49 a*A** 28.004+9.19 aCD 48.80+11.47 aAB 39.20+13.76 aBC 15.40+6.06 aD
(47.90-64.70) (21.57-34.43) (40.12-57.48) (31.21- 47.19) (12.27-18.53)
2008 54.00+12.80 aA 26.20+10.13 aC 44,90+14.49 aAB 40.20+10,00 aB 13.70+2.75 aC

(45.60-62.40)

(19.77-32.63)

(36.22-53.58)

(32.21-48.19)

(10.57-16.82)

* Different letters in the same column indicate statistically different from each other (Anova P<0.05. Tukey test).

** Different letters in the same line indicate statistically different from each other (Anova P<0.05. Tukey test).
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damaged fruit was highest in the first orchard with 8.1%.
It was followed by orchard III (5.3%), orchard IV (4.2%),
orchard II (3.5%) and orchard V (2.8%). The damage rate in
the bouquet and the damage rate in the fruit were parallel in
the orchards. Only in 2008, orchard II and orchard V did not
differ as to the damage rate in the bouquet and belonged to
the same group statistically.
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Figure 4. Fruit damage percentage rates of Pandemis
cerasana (Hibner, 1786) in different cherry orchards in
Sultandag1 and Cay districts of Afyonkarahisar province in
2007-2008

Ulu and Onugar (1999) stated that the damage rate of Archips
rosana larvae in cherry fruits changed between 2% and 9%.
Fruit damage caused by other leafroller species that is found
out by various researchers was similar to our findings. In
addition, Ercan and Ozpinar (2014) stated that in their study
in the province of Canakkale A. rosana and P. cerasana did
not do damage to cherry and apple orchards, but they found
that they do damage both leaves and fruits in peach orchards.
The adult flight duration and the rate of damaged bouquet
and fruit in the orchards III and I were higher than the other
orchards in both years. Vicinity of the both orchards was
cherry orchards infected with this pest and they were the
source of infection. In the orchard V, where the least damage
was seen, the adult flight duration was realized in a short
period in both years and damage rates were lower in this
orchard. It is thought that being located in an isolated area,
the population level and damage rate of this pest was low in
orchard V.

P. cerasana caused significant damage in cherry bouquets and
fruits due to population density in cherry orchards, which
are important source of income in our country. Uncontrolled
spraying against P. cerasana can result in residual risk on the
fruit. Adult population density can be decreased by using
alternative control methods such as cultural and biotechnical
methods in this pest control and thus the loss of yield rate can
be reduced. According to the data obtained from this study,
it is thought that it is important to take necessary measures
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in these areas by monitoring the orchards, which prevent the
increase of the pest population by taking precautions in time.
In cherry orchards destruction of infected fruits at harvest as
a cultural control method is important in terms of decreasing

pest population.
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OZET

Bu ¢alisma Afyonkarahisar ili kiraz bahgelerinde Pandemis
cerasana (Hiibner, 1786) (Lepidoptera: Tortricidae)nin
popiilasyon dalgalanmasi ile buket ve meyvelerindeki
zarar oranmni  belirlemek amaciyla  yapilmustir. P
cerasananin larvalar1 kiraz agacinin tomurcuk, ¢igek,
yaprak ve meyvelerinde zarar yapmaktadir. Bu ¢alismada,
Afyonkarahisar ilinde bes farkli kiraz bahgesinde P
cerasananin ergin popiilasyon dalgalanmasi izlenmis ve
zarar orani belirlenmistir. Kiraz bahgelerinde ilk erginler
her iki yilda da may1s ayinin tigtincii haftasinda gergeklesmis
ve ergin popiilasyonu iki kez zirveye ulagsmistir. Ergin
ucuslarinin sona ermesi yillara ve kiraz bahgelerine gore
degismis olup, ergin uguslar1 agustos - ekim aylar1 arasinda
gerceklesmistir. P. cerasananin buketlerde ve meyvelerdeki
zarar orani yillara ve kiraz bahgelerine gore degismistir. 2007
yilinda buketteki zarar orani %15.40 ile %56.30 arasinda
degisirken meyvedeki zarar orani %2.80-%9.8 arasinda
degismistir. 2008 yilinda buketdeki zarar oraninin %13.70
-%54.00 arasinda degisirken meyvede zarar orani %2.00-
%8.10 arasinda degismistir. Yapilan istatistiki degerlendirme
sonucunda zarar orani bakimindan yillar arasindaki fark
anlamli bulunmamigtir. Bununla birlikte, meyve bahgeleri

arasindaki zarar orani arasindaki fark anlamli bulunmustur.

Anahtar kelimeler: Pandemis cerasana, kiraz, popiilasyon

dalgalanmasi, zarar orani
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In the trials, the influence of photoperiod on the development time, sex ratio,

and fecundity of Acanthoscelides obtectus were examined. The trials were
carried out in five different photoperiod regimes including 0L:24D [continuous
darkness (CD)], 6L:18D (6 hours of light, 18 hours of dark), 12L:12D (12 hours
of light, 12 hours of dark), 18L:6D (18 hours of light, 6 hours of dark), 24L:0D
[continuous light (CL)] with a temperature of 252 °C and 60+5% relative
humidity. The shortest pre-adult development time was determined under CD
conditions. While the development period lasted 26.33+0.88 days under CD
conditions, it lasted for 35.33+0.66 days under CL conditions. Although the
sex ratio did not differ much, CL conditions were in favor of males. The lowest
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female fecundity was determined under CL and 18L:6D conditions. Fecundity

did not differ significantly under CD and 6L:18D, while it decreased significantly
under 12L:12D, 18L:6D, and CL conditions. Especially, when CL and CD were

compared with each other, statistically significant difference was observed.

INTRODUCTION

Photoperiod influences many physiological and biochemical
activities in insects such as development and reproduction,
longevity, activity type and activity timing (Kikukawa et
al. 2016, Saunders 2012, 2013, Qin et. al. 2016, Zerbino et
al. 2014), entering diapause and termination of diapause
(Hossain et al. 2016, Kikukawa et al. 2008, Nelson et al. 2009),
low temperature tolerance (Findsen et al. 2013, MacMillan
and Sinclair 2011), and sexual behavior (Costanzo et al.
2015, Pazyuk and Reznik 2016). Together with temperature,
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photoperiod and light intensity are important factors
in the life cycle of warehouse pests. Insect development
and behavior are influenced by factors such as light, heat,
humidity and food. Among these, photoperiod is the most

important factor directly influencing circadian rhythm.

Bean weevil, Acanthoscelides obtectus Say is a pest which
causes great losses of product both qualitatively and
quantitatively in the field and during the storage of dry bean
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seeds. A. obtectus reproduces more than once a year and
female adults leave about 200 eggs on bean seeds one by one
or as in clusters of 4-20. Larvae which come out of the egg not
only form holes on legume seeds during their diet, but also
decrease the nutritional value of the seeds and contaminate
them with feces and larval bodily residues (Ahmed et al.
2019).

Using chemicals predominantly in pest control has caused
the off-target emergence of many problems in time on the
contrary to what was expected before because of their harms
to both humans and other living beings directly or through
food chain.

Recently, as a result of the increase in ecological awareness,
biological control methods have begun to be used which can
be an alternative to chemical control (Oliveira et al. 2018).
Success in biological control depends on the determination
of control strategies and timing. This occurs through
knowledge of both the pest and the biological characteristics
of the biological control agent to be used for this pest. In the
fight against A. obtectus, which is a seed pest, the biology
of the pest and the environmental factors influencing its

biological features should be known.

MATERIALS AND METHODS

In this study, the influence of photoperiod on development
time (total development time), sex ratio and fecundity of A.
obtectus were examined. The trials were conducted in five
different photoperiod regimes 0L:24D [continuous darkness
(CD)], 6L:18D (6 hours of light, 18 hours of dark), 12L:12D
(12 hours of light, 12 hours of dark), 18L:6D (18 hours of
light, 6 hours of dark), 24L:0D [continuous light (CL)] with
a temperature of 25+2 °C and 60+5% relative humidity. The
trial which was dark all the time was conducted in incubator,
while the others were conducted in rooms the light of which
were adjusted with photoperiod light.

The method was followed by Sénmez and Giilel (2008) in the
establishment of stock cultures. Stock cultures were checked
every day and new insects were taken to a different container.
Four females and four males obtained from stock cultures
were put together in a jar of 250 ml and this jar was closed
with a cloth. Container prepared for trial was kept in one of
the different five photoperiod conditions under the specified
laboratory conditions. They were allowed to mate and lay
eggs for 5 days. Females and males were removed from jars
after 5 days. The day insects were observed to come out was

calculated as development time. 40 individuals were used to
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calculate development time in each trial. When the adults
began to form in trial containers, adults which came out every
day were grouped according to their sexes and their numbers
were specified. The number of adults per female in each trial
of a specific photoperiod regime (female fecundity) and the
number of adults from each trial were found by dividing into

four since four females were used initially.

Sexual distinction of the adults which came out of the seeds
was calculated by looking at the difference in the ventral
appearance of the abdomen, by using Atak (1975). The sexes
of the adults which came out of the seeds were grouped and
female-male ratio was found and female sex ratio was given
in tables. Trials for sex ratio, fecundity and development
period were repeated three times and the averages were
taken. SPSS 21.0 software (SPSS Inc., Chicago, IL, USA)
program was used in the statistical assessment of the data.
One way variance analysis (ANOVA) was used in the
statistical assessment of five different photoperiods on the
development time, sex ratio and fecundity of A. obtectus. The
significance levels of the results obtained from this test were
assessed by using ‘“Tukey” test. 0.05 reliability was used in the

assessments.

RESULTS

Table 1, Figures 1, 2 and 3 show development time, sex
ratio and fecundity of A. obtectus in different photoperiods.
Development time includes the period from the day of laying
of the eggs to the adult emergence. While the development
period lasted 26.33+0.88 days under CD conditions, it lasted
for 35.33+0.66 days under CL conditions (p= 0.000) (Table
1 and Figure 1). While the development time was very close
under CD and 6L:18D conditions, another close result was
found under 12L:12D and 18L:6D conditions. Development
time was 26.33+0.88 under CD conditions, while it was
28.33+0.66 under 6L:18D conditions. There is no statistical
difference between two values. Under 12L:12D conditions,
development time was 32.66+0.33, while it was 31.33+0.33
under 18L:6D conditions. There is no statistical difference
between two groups. The differences between the other
groups are significant. While average development time
was 26.33+0.88 at CD, this period increased to 35.33+0.66
at CL and the difference between them was statistically
significant. As can be seen from Table 1 and Figure 1, the
quickest development occurred under CD conditions, this
was followed by 6L:18D.

While female sex ratio was 45.33+0.88% under CL conditions,
it was 51.00+0.57% under 6L:18D and 12L:12D conditions
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Table 1. Effects of different photoperiods on development time, sex ratio and fecundity of Acanthoscelides obtectus

Development

Sex Ratio

Phot iod F dity (%
otoperio Time (Day) (females) (%)* ecundity (%)
! Mean+S.D.
CD 26.33+0.88¢ 49.66+0.88a+ 75.00£1.15a
18D:6L 28.33+0.66¢ 51.00+0.57a 75.00+0.57a
12D:12L 32.66+0.33ab 51.00+0.57a 66.00+1.52b
6D:18L 31.33+0.33b 49.33+0.66a 54.66%1.85¢
CL 35.33+0.66a 45.33+0.88b 39.00+1.52d
F 89.371 3528.214 21618.670
+With in the same column followed by same lower capital letters are not statistically different p>0.05 (Tukey test).
*Only shows females sex ratio.
1Means of three replicates, each with 40 individuals. S.D.: Standart Deviation.
36 3 i a a
34 70 b
30 60 -
28 g5
26 £
2 .
22 © d
” D 6L:18D 120:12L 18L:6D (@ 35
Developmental Time 30
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Figure 1. Effects of different photoperiods on
Acanthoscelides obtectus development time (day). The
differences between the values shown with the same lower-
case letter are not statistically different (p>0.05, Tukey test)

D 6L:18D 121:120 18L:6D CcL

Sex Ratio

Figure 2. Effects of different photoperiods on
Acanthoscelides obtectus sex ratio (%). The differences
between the values shown with the same lower-case letter
are not statistically different (p>0.05, Tukey test)
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Fecundity

Figure 3. Effects of different photoperiods on
Acanthoscelides obtectus fecundity (%). The differences
between the values shown with the same lower-case letter
are not statistically different (p>0.05, Tukey test)

(p=0.000) (Table 1 and Figure 2). As can be seen from Table
1, female sex ratio was found to be 45.33+0.88% under CL
conditions and this is statistically different from the other
groups. Female sex ratio was found to be 51.00+0.57% under
6L:18D and 12L:12D conditions.

While fecundity was 75.00+1.15% under CD conditions, it
was found to be 39.00+1.52% under CL conditions (Table 1
and Figure 3). While fecundity was not very different under
CD, 6L:18D conditions, it was found to decrease significantly
under 121:12D, 18L:6D and CL conditions. As can be seen
from Table 1, while fecundity was 75.00+£1.15% under CD
and 6L:18D conditions, it was found to be 66.00+1.52%
under 12L:12D, 54.66+1.85% under 18L:6D and 39.00+1.52%

under CL conditions.
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DISCUSSION

Photoperiodism is the ability of organisms to evaluate
and use day length as a signal realized beforehand in the
organization of seasonal activities during their life time.
Photoperiod activates the changes in fur and feather color,
the phenomenon of migration, the start of wintering, mating
behaviors and even the development of sexual organs with
the changes in temperature. A great number of animals,
especially those living in higher latitudes, use day length
as preliminary information to organize season dependent
suitable behavioral and developmental strategies. The most
common of these is the start of wintering diapause in insects
and seasonal reproduction strategies in many animal groups.
Day length and consequently seasonal information during
the year is vital for many animals. Specific biological and
behavioral changes depend on this information (Saulich and
Musolin 2012, Saunders 2012, 2013).

In a study by Hossain et al. (2016), which was conducted
with Dermestus maculatus using 3 different photoperiods
(24D, 24L, 121:12D), it was found that development period
shortened based on darkness. Fecundity was least observed
under continuous light conditions. Eclosion rate and survival
were observed under lowest light conditions. Chocorosqui
and Panizzi (2003) found that in Dichelops melacanthus under
12L:12D conditions, nymphal development lasted longer than
the state photoperiod was taken to 14L:10D conditions. In a
study conducted on Macrolophus pygmaeus in two different
laboratories but under same conditions (10D, 16D and 20
°C Russia, Sogi and Italy, Rome), Pazyuk and Reznik (2016)
found that the development periods of nymphs exposed to
short day length increased and of the sexes kept under both
conditions, males were found to develop faster. Animals’
rates of being influenced by photoperiod vary according to
their environment and lifestyle. In a study they conducted
with Spodoptera litura (12L:12D, OL:24D, and 24L:0D),
Subala and Shivekumar (2017) found that butterflies, lived
longer and consumed food the most under dark conditions.
In their study they conducted with 3 different species of
blowfly (Phormia regina meigen, Cochliomyia macellaria and
Calliphora vicina), Fisher et al. (2015) bred insects at 20 °C
and 26 °C and used 4 different photoperiod regimes (0L, 12L,
16L and 24L). When the development rates were compared,
it was found that the insects which developed the fastest
development were under dark conditions in all three species.

As can be seen in Table 1 and Figure 1, development time
was shorter in insects which were kept in the dark all the
time. During development, there were similarities especially

between groups which included close lightening periods.
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Insects have special structures that are sensitive to light.
Not only the adult insect, but also the eggs, larvae and
pupae are affected by photoperiod through light-sensitive
structures. While short day length can pause larval and
pupal development, long day length can faster in some
insects. In this study, development time was accelerated in
short photoperiod conditions, it lasted shorter. Our study
has similar results with the study of Chocorosqui and Panizzi
(2003), Fisher et al. (2015), Pazyuk and Reznik (2016).

Although pre-adult development occurs in the seed, holes
and cavities left in the seed during oviposition and feeding
allow the detection of the photoperiod in the pre-adult
period. There are many studies on the effect of photoperiod
on larval development time and pupal emergence time in
many insects (Hossain et al. 2016, Johri et al. 2009). Although
the sex ratio did not differ too much, it was in favor of males
especially under continuous light conditions. Sex ratios were
given as female sex ratio percentage. Although sex ratio did
not differ too much, it developed in favor of males especially
under continuous light conditions. The highest male sex ratio

was found under CL conditions.

Fecundity is number of adults per female (female fecundity).
The number of adults obtained from each trial (at the
beginning, since 4 females were used) was divided into 4, the
percentage value was found. While fecundity was not found
to differ too much with CD, 6L:18D, it was found to decrease
significantly under 12L:12D, 18L:6D and CL conditions.
When especially CL and CD were compared with each other,
the difference between was found to be statistically significant
(p= 0.000). Especially when CL and CD are compared with
each other, the decrease in-between is statistically significant.
The lowest female fecundity was found under CL and 18L:6D
conditions, respectively. CD conditions in which the quickest
development takes place are also the photoperiod with highest
female fecundity. In a study conducted by Niva and Takeda
(2003) with Halyomorpha halys (Heteroptera: Pentatomidae)
which was on the effect of photoperiod on female fecundity,
it was found that when compared with short day conditions
11:13 (L:D), in long day photoperiod conditions, fecundity
was higher, the percentage of reaching reproductive maturity
was higher, and although pre-adult nymph development
was a bit slower, adults showed faster development and
reproductive maturity. Of the studies which researched the
association between fecundity and photoperiod, in their
study conducted with Alphitobius diaperinus, Razzak et
al. (2012) found that the highest fecundity was obtained
at 12L:12D and female fecundity was found to be very low
under continuous light conditions. These studies show

similar results to our study. In addition to playing a key role
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in shaping evolutionary activities of animals, photoperiod
also plays a role in adapting an animal’s life according to its
environment. Thus, the adaptation of the animal to physical
inorganic environment is completed and the animal is
made to continue its existence (Rivas et al. 2014). In a study
conducted on Amphinemura sp. by Yoshimura (2014) insects
were raised under 24D, 16D:8L, 12D:12L, 8D:16L at 20 °C
and it was found that the highest hatching rate occurred at
16D:8L.

In insects, sex ratio is an important factor in finding out
population density. Although this rate is different in different
species, the age of the female, the number of eggs left after
fecundation, amount and type of food, temperature and
photoperiod play a significant role (Wang et al. 2013). Sexual
reproduction and asexual reproduction which occur based
on photoperiod on aphids are typical examples which show

the influence of photoperiod on sex ratio (Beck 1963).

A study conducted on Callosobruchus maculatus, which is a
Coleopter like A. obtectus, results similar to our results were
found. Rezaei et al. (2013) bred insects at 20 °C under CL
and at 30 °C under CD conditions and found that the group
(females) bred under CD conditions at 30 °C had a life cycle of
40 days and their pre-adult period was completed in 22 days.
These female values are 78.09 days and 22 days raised at 20
°C under CL conditions, respectively. In our study, pre-adult
development period is shorter when compared with others
raised under CD conditions. In another study conducted
with Callosobruchus chinensis, which is a similar species, the
highest rate of eggs left, the highest adult eclosion, average
longevity and highest sex ratio were found under CD and
12D:12L (Johri et al. 2009).

While there were no studies about the influence of
photoperiod on A. obtescus development time, the only
study found was conducted with A. obtectus in 1989 by
using 5 different photoperiods (CL, CD, 4D:20L, 16D:8L and
20D:4L) and found that continuous light increased sex ratio
in favor of males, and fecundity and adult rate increased as
the darkness increased and larval death was found to decrease
(Stamopoulos 1989). In our study, development periods in 5
different photoperiods (CL, CD, 12L:12D, 18L:6D, 6L:18D)
were examined and it was found that the fastest development
took place in CD, that is becoming an adult took shorter,
and results closer to continuous darkness at 6L:18D were
found since the dark period was longer and there was a faster
development. As the light period increased, development
period also got longer. The period up to the adulthood of
insects took place under dark conditions the longest. In

female fecundity, it was found to be close especially under
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6L:18D and CD and fecundity was found to decrease with the
increases in light stage. Although sex ratio in A. obtestus was
found to be similar in some photoperiods, the ratio of males
was found to be higher. This result shows that in this insect,

photoperiod influences sex ratio.

In this study, some differences were found in different
photoperiods, which were significant in some groups. This
shows that the changes in photoperiod can be effected
in insect metabolism. The control center in the brain is
influenced by photoperiod. Influence of photoperiod on
brain causes changes in the activities of various regulatory
chemicals, for example, activities. Changes occur in the
endocrine status of the insect. In this study, conditions in
which darkness was longer caused increase in reproduction
activity and egg fecundity. Very close results observed in
some groups which conclude close daily lightening period
can be explained with the similar effects of photoperiod on

reproduction, aging and metabolism.

Changes in insect metabolism in different photoperiods were
found in this study. In case of too much darkness in terms of
fecundity and development these are in favor of this insect.
In order to be able to breed too many insects in a short period
of time, it will be more suitable to conduct studies under

continuous darkness conditions.

OZET

Denemelerde fotoperiyodun Acanthoscelides obtectusun
ergin oncesi gelisim zamani, esey orani ve verimine etkisi
incelendi. Denemeler [0A:24K, Devamli Karanlik (DK)],
6A:18K (6 saat aydinlik, 18 saat karanlik), 12A:12K (12 saat
aydinlik, 12 saat karanlik), 18A:6K (18 saat aydinlik, 6 saat
karanlik), 24A:0K [Devamli Aydinlik (DA)] sartlar1 olmak
tizere bes farkli fotoperiyotta, 25+2 °C ve %6045 nispi nemde
gerceklestirilmistir. Ergin oncesi gelisim zamani en kisa DK
kosullarinda tespit edilmistir. DK sartlarinda gelisim zamani1
26.33+0.88 iken, DA sartlarinda 35.33+0.66 giin olmustur.
Esey orani ¢ok fazla degisiklik gostermemesine ragmen, DA
sartlar1 erkeklerin lehine olmugtur. En diistik disi fekunditesi
ise DA ve 18A:6K kosullarinda tespit edilmistir. Fekundite
DK ve 6A:18K sartlarinda ¢ok fazla farklilik gostermezken,
12A:12K, 18A:6K ve DA sartlarinda 6nemli bir sekilde
azalmustir. Ozellikle DA ve DK birbiriyle kargilastirildiginda

istatistiki olarak anlamli farklar bulunmustur.

Anahtar kelimeler: bocek, giin 15181, yagam evreleri, tireme
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Pseudomonas viridiflava (Burkholder 1930) Dowson 1939 is a multihost plant
pathogenic bacterium all over the world and also in Turkey. The aim of this study
was to identify the pathogenic bacteria causing the symptoms of water-soaked
necrotic leaf spots, dark brown spots on leaves, tip burn of leaf in curly type lettuce
(Lactuca sativa var. crispy) grown in the field conditions in Beypazar1 region
and to reveal the reactions of some lettuce cultivars against the bacteria. For this
purpose, twelve isolates were obtained from 4 different locations. Pathogenicity
tests were conducted on curly type lettuce and all isolates were found pathogenic
on the host. Isolated bacteria were evaluated for Gram reaction, LOPAT tests,
colony morphology on Kings Medium B and carbon sources utilization by
VITEK-2 system and identified as Pseudomonas viridiflava. The 16S rDNA region
of a selected isolate representing the similar isolates in all tests was sequenced for
genetic confirmation and the obtained sequence was submitted to the GeneBank
under the accession number MN_539659. The result of the obtained sequence was
99.75% similar to the respective reference sequence after BLAST analysis. Reaction
of the three different widely produced lettuce types, iceberg, curly and romaine
types, with ten varieties against the causative bacterial agent was evaluated and

the difference between the varieties found significant statistically. In this study, P

- 1 lin] in Central Anatolia for the firet i

INTRODUCTION

Lettuce (Lactuca sativa L.) is a consumable leaf vegetable market value for widespread usage of daily nutrition.

the member of the Asteraceae family. Lettuce has a great There are different types of lettuce are consumed as a leaf
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vegetable. Iceberg, curly and romaine types are the most
common lettuce varieties on the Turkish market. According
to the data of 2018, in our country, a total of 490.423 tons
of lettuce, including curly, romaine and iceberg, are grown
in approximately 220.500 da areas. Ankara has 50% of
the production area and 52% of this production alone in
Beypazari region where has a significant role in lettuce
cultivation (TUIK, 2018). A number of bacterial diseases
affect lettuce production. Up to date, Pseudomonas spp. and
Xanthomonas campestris pv. vitians (Xcv) have been reported
as the bacterial pathogens of lettuce in the different regions
of Turkey (Aysan et al. 2003, Mirik et al. 2004a, Mirik et al.
2011, Sahin 2000). Xcv was first reported in Oltu province of
Erzurum (Sahin 2000). Mirik et al. (2004b) was reported Xcv
on Arapsaci and Yedikule varieties in eastern Mediterranean
region with 100% disease incidence. Mirik et al. (2011)
reported Pseudomonas cichorii as the causal pathogen of
lettuce leaf spot and bacterial rot of lettuce in the eastern
Mediterranean region. In Hatay, Pectobacterium carotovorum
subsp. carotovorum and Enterobacter cloacae as the root rot
pathogens, Xanthomonas campestris pv. vitians as the leaf
spot pathogen of lettuce were reported according to MALDI-
TOF MS analysis results (Soylu et al. 2017).

Pseudomonas viridiflava (Burkholder) Dowson 1939 (P.
viridiflava) is a multi-host plant pathogenic bacterium
(Sarris et al. 2012) which is considered to be a member of
Pseudomonas syringae (P. syringae) complex (Bartoli et al.
2014). Tomato (Aysan et al. 2005, Goumans and Chatzaki
1998, Ustun and Saygili 2001), eggplant (Goumans and
Chatzaki 1998, Ustun 2012), melon (Aysan et al. 2003, Mirik
etal. 2004a), chrysanthemum (Goumans and Chatzaki 1998),
globe artichoke (Sanver et al. 2019) are some of economically
important hosts of the bacterium. Necrotic areas on the leaf,
stem necrosis and stem and root rot are common symptoms
on different host plants (Bartoli et al. 2014). In Turkey, P
viridiflava was first detected on iceberg lettuce on the Black
Sea region (Aksoy et al. 2018).

During the field surveys in summer 2018 and 2019 water-
soaked, dark brown spots on lettuce leaves and tip burn of
leaf were observed on lettuce fields of Beypazari-Ankara.
Infected lettuce was grown from plantlets and shortly after
the head development, the symptoms occur. The aim of this
study is to identify the causal pathogen in the symptomatic
lettuce plants and the reaction of some common growth
lettuce varieties to the isolated bacteria.

MATERIALS AND METHODS
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Extensive surveys were carried out to the lettuce fields of
Beypazar1 region between June and September 2018 and
2019. Plants were sampled according to visible symptoms as
water-soaked, dark brown spots on leaves, tip burn of leaf
were collected from infected fields (Figure 1). The symptoms
were observed on curly type lettuce. Four different fields were
surveyed sized around between 15-120 da and three infected
samples were collected from each. Each symptomatic plant
was carried in a polyethylene bag and carried to the cold
room at 4 °C in a cold carrier. Leaf samples were taken from
each symptomatic plants and surface disinfected with 70%
EtOH for 2 min and then rinsed 3 times with sterile dH,O. To
isolate the causal bacteria, approximately 5 mm pieces of the
margin of the symptoms were cut with a sterile scalpel from
each symptomatic plant and put into a sterile Eppendorf
tube consists sterile 1 ml 0.9% NaCl and were macerated in a
horizontal shaker at 2500 rpm for 30 minutes. The bacterial
suspension was diluted 10*and 50 pl of the suspension was
streaked onto King’s medium B (Proteose peptone #3: 20 g/l
K,HPO,: 1.5 g/l, MgSO,.7H,0: 1.5 g/1, glycerol: 15 ml/I) (King
et al. 1954) by a sterile loop. The Petri dishes were incubated
at 28 °C in an incubator and after 48 hours colonies were
observed under a binocular (Leica, L2). Characteristic single
colonies were selected and re-streaked onto King’s medium
B for bacterial purification. Selected colonies were taken to
the NBY (Nutrient broth yeast) medium in cryotubes and
sterile glycerol was added to each about 30% (v/v) and the

cryotubes were stored in -86 °C for long term storage.

Figure 1. Water-soaked leaf spot symptom of isolated

Pseudomonas viridiflava on the crispy type lettuce

(Lactuca sativa var. crispy)
Pathogenicity tests

Pathogenicity tests were conducted on curly type lettuce
(Lactuca sativa var. crispy). Five replicates were used for each
isolate. Healthy lettuce plantlets were potted in 0 no pots
consist of sterile turf. Bacterial inoculum was growth from

pure cultures on Kings B medium at 28 °C for 24 hours.
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Bacteria were diluted in dH,O and the bacterial concentration
was adjusted on 10° cfu/ml with a spectrophotometer at
OD:600. Bacterial suspension was pulverized on the lettuce
plantlets by a hand spray. After the inoculation, inoculated
plantlets were covered with a thin, transparent polyethylene
cover to keep moisture in for 24 h and then the cover was
removed. Plantlets were maintained in a controlled climate
room (Digitech) at 24 °C, 75% humidity and 16 h light/8 h
dark conditions. After 10 days the plantlets were evaluated
for symptom incidence. Sterile dH,O was used as a control.
Isolation from inoculated plantlets was done to fulfill the

Koch’s postulates.
Characterization of the isolates

Obtained isolates were characterized by the following
biochemical tests, Gram reaction (Schaad et al. 2002), LOPAT
tests (Lelliot et al. 1966) (Levan production, oxidase test,
pectolytic activity on potato slices, arginine hydrolysis and
hypersensitive response on tobacco-HR), gelatin liquefaction,
glucose fermentation, and carbon source usage and colony
morphology on King’s B medium. Carbon source utilization
of the isolates was determined by VITEK-2 (Biomereux,
France). 24 h culture of the isolates was suspended in sterile
saline and the bacterial concentration was adjusted to 0.63 on
the McFarland tool of the VITEK-2 system. GN cards were
used for the analysis. P. viridiflava strain YA-649 was kindly
provided from the bacterial culture collection of Cukurova
University, Faculty of Agriculture, Department of Plant

Protection to use as the reference for the biochemical tests.
The reaction of some cultivars

Cultivar reaction of some commonly growth lettuce varieties
was handled on Lactuca sativa iceberg varieties Sumarnas,
Ice Castle, Diskoa, Cartagenas; curly varieties Sementel,
Mc Montana and Davidole; romaine varieties Cuore and
Calorina and the red variety Bachus (Table 1). Four weeks
old plantlets were inoculated with a selected virulent isolate P
5.1 of P, viridiflava. The bacterial inoculum was grown from
pure cultures on King’s B medium at 28 °C for 24 h. Bacteria
were diluted in dH,O and the bacterial concentration was
adjusted on 10° cfu/ml with a spectrophotometer at OD:600.
Bacterial suspension was sprayed on the lettuce plantlets by
a hand spray. After the inoculation, inoculated plantlets were
covered with a thin, transparent polyethylene cover to keep
moisture in for 24 h and then the cover was removed. Plantlets
were maintained in a controlled climate room (Digitech) at
24 °C, 75% humidity and 16 h light/8 h dark conditions.
After 2 weeks the plantlets were evaluated for symptom

incidence. After 2 weeks the plantlets were evaluated for
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symptom incidence. Disease score was assessed according
to a qualitative rating scale as described by Thirthamallappa
and Lohithaswa (2000) with some modifications on a 0-to-4
scale, in which 0: symptomless, 1: <10% of the leaf area, 2:
10-25% of the leaf area, 3: 26-49% of the leaf area, 4: 50-100%
of the leaf area. The disease incidence (DI) was calculated as
follows (Viriyasuthee et al. 2019):

DI (%) = (number of infected plant / total number of plants)
x 100

Disease severity (DS) was calculated as follows:

DS (%) =
(total number of sampled plants x highest rating)] x 100

> [(rating score x number of plants in rating) /

Obtained data was analyzed statistically by one-way ANOVA
and Tukey’s test at P<0.05 using the Minitab Statistic Software
Version 16.0 (Minitab Inc. 2017).

Table 1. Lettuce types and cultivars used for cultivar reaction

to Pseudomonas viridiflava P5.1 strain in this study

Type of  Iceberg Curly Romaine  Red
the
lettuce
Cultivar  Sumarnas Sementel ~ Cuore Bachus
Ice Castle Mc Calorina
Diskoa Montana
Cartagenas ~ Davidole

Genotypic identification of the pathogen

Showing the same phenotypic features, an isolate was
selected for 16S rRNA gene confirmation. Genomic DNA of
the selected strain was isolated by ThermoFisher Scientific
DNA extraction kit according to the instructions of the
manufacturer. The concentration of the extracted DNA was
measured with a nanodrop (Nano2000, Thermo Fisher) and
50 ng of genomic DNA was used as target for PCR. Universal
16S rRNA primer pair 63f/1387r (Marchesi et al. 1998)
was used on PCR. PCR was performed with 12 pl GoTaq
flexi master mix (Promega), 10 pmol from each primer, 8
ul dH,O with a 25 pl final volume. The PCR reaction was
conducted with the following steps, 35 cycles of 95 °C 3 min
pre-denaturation, 95 °C 45 s for denaturation, 55 °C 30 s for
annealing, 72 °C 45 s for elongation and 72 °C 10 min for final
extension. Aliquot of 5 ml was analysed by electrophoresis
on 1% agarose gel and visualized by staining with ethidium
bromide and visualized under UV. The selected isolate was
sequenced with 63f/1387r primer pair from both directions.
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The obtained DNA sequence was aligned and a consensus
sequence was obtained. The obtained sequence was blasted
and submitted to the GeneBank.

RESULTS
Plant material and bacterial isolates

Surveys were conducted on different lettuce growing
locations of Beypazari region and 12 isolates were obtained
from four different fields with the size between 15 da and 120
da. Dark brown water-soaked spots on the leaf and tip burn
of the leaf were identified as the symptoms of Pseudomonas

viridiflava.
Pathogenicity tests

Pathogenicity tests were conducted on curly lettuce (Lactuca
sativa var. crispy) plantlets. After 10 days of inoculation,
water-soaked symptoms were observed and re-isolated from
the leaves. Isolation from inoculated plantlets was done to
fulfill Koch’s postulates. All of the obtained isolates were

found as pathogens on lettuce plantlets.
Characterization of the isolated strains
The isolated bacterium was Gram negative, negative for levan,

oxidase and arginine dihydrolase, pectolytic on potato slices,
induce HR on tobacco leaves. Isolates have blue fluorescence

pigmentation on King’s B medium. Glucose fermentation
of the isolates was negative. VITEK-2 results showed that
isolates can utilize citrate, malonate, D-glucose, coumarate
and were able to alkalization of succinate and L-lactate but
not able to use mannitol, arabitol, cellobiose and sucrose as
carbon source (Table 2). All isolates were showed the same

biochemical characteristics with the reference strain.
The reaction of some cultivars

Cultivar reaction of some common growth lettuce varieties
was handled on Lactuca sativa iceberg varieties Sumarnas,
Ice Castle, Diskoa, Cartagenas; curly varieties Sementel,
Mc Montana and Davidole; romaine varieties Cuore and
Calorina and the red variety Bachus. 5 replicates were used
for each variety for cultivar reaction. Four weeks old plantlets
were inoculated with a selected virulent strain P5.1 of P
viridiflava. All of the experimented varieties have disease
symptoms on all replicates. Disease incidence was found
100% for P. viridiflava infection. When the iceberg varieties
are evaluated, leaf spots were observed on all of the selected
varieties. Sumarnas was found as the most sensitive to the P.
viridiflava infection (Figure 2a). The leaf spots were dense and
the infected plants were weak for 10 days post-inoculation.
On Ice castle and Cartagenas leaf spots were observed in all
of the five replicates. On Discoa variety, 3 of the inoculated
plants had intense leaf spots, but the other two were weaker.
For iceberg varieties it can be said that Sumarnas is the

most sensitive, Discoa is a relatively tolerant variety among

Table 2. Carbon sources usage, LOPAT (* L: Levan, O: Oxidase, P: Pectolytic activity on potato, A: Arginine hydrolysis, T:

Hypersensitive response on tobacco) test results and florescence pigmentation characteristics of the Pseudomonas viridiflava isolates

Florescence

Carbon source utilization LOPAT* Pi gmentation

Isolate  Arabitol ~ Cellobiose  Citrate Coumarate  D-Glucose ~ H2S L-Lactate  Malonate ~Mannitol  Succinate Sucrose

no (Sodium) production Alcalisation

P5.1 - - + + + + + - + - - -+t Blue
P52 - - + + + + + - + - S B Blue
P53 - - + + + + + - + - - -4+ Blue
P5.4 - - + + + + + + - +-+ Blue
P5.6 - - + + + + + + - +-+ Blue
P5.7 - - + + + + + + - +-+ Blue
P5.8 - - + + + + + + - +-+ Blue
P5.9 - - + + + + + + - +-+ Blue
P5.10 - - + + + + + + - +-+ Blue
P5.11 - - + + + + + + - +-+ Blue
P5.12 - - + + + + + + - +-+ Blue
YA-679 - - + + + + + + - +-+ Blue

(-) negative reaction; (+) positive reaction
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Figure 2. Water-soaked leaf spot symptom of isolated

Pseudomonas viridiflava on the crispy type lettuce

(Lactuca sativa var. crispy)

the infected iceberg varieties against P. viridiflava infection.
When curly varieties evaluated, the leaves of the Davidole
variety had dense leaf spot symptoms and the leaves were
almost dry because of the infection. Semental had dense leaf
spots on all replicates (Figure 2b). The leaf spots were less
on Mc Montana variety than the other two varieties and it
was found the most tolerant among the curly varieties. Both
of the romaine type varieties, Calorina and Cuore, all five
replicates had leaf symptoms of P. viridiflava and sensitive
to the infection (Figure 2c). The red variety Bachus had
dense leaf symptoms in all of the replicates (Figure 2d). The
disease incidence was found 100%. None of the plants were
symptomless. When the disease severity was evaluated, all
the varieties had dense leaf symptoms and rated as 4 (50%
of the leaf area except Discoa and McMontana). The disease
severity was found 4 for three of the replicates and 2 for
two of the replicates of Discoa. On McMontana the disease
severity was evaluated as 3 for all of the replicates. The disease
severity was calculated as 95.5%. When the statistical analysis
evaluated, Discoa and McMontana varieties were grouped
together and differentiated statistically significant (p<0.05)
from other varieties used in this study which had same score
values. Morever, the difference was not statistically significant
(p>0.05) between Discoa and Mc Montana varities (Table 3).

Genotypic identification of the pathogen

Universal 16S rRNA primer pair 63f/1387r was used on PCR
and approximately 1300 bp product was obtained from the
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sequence analysis. The DNA sequence was aligned and a
consensus sequence was obtained. The obtained sequence
was blasted and the causal bacteria was found as P. viridiflava
with a 99.75% similarity to the respective reference strain
P, viridiflava ATCC 13223 and was submitted to GeneBank
under the accession number MN_539659.

DISCUSSION

Lettuce is an important leaf vegetable and has a wide
production area in Beypazari-Ankara. Like all other
vegetables, lettuce has been infected by important plant
pathogenic bacteria. Since the leaves are the consumable
parts of the lettuce, any kind of spot causes a decrease in the
market value. Previously, the causal bacterium was detected
on curly type lettuce in greenhouse grown lettuce in Samsun
(Aksoyetal. 2018). In this work, the bacterium was detected in
field-grown lettuce. As a multi-host pathogenic bacterium, P,
viridiflava may cause a threat in multi production agriculture
systems in a vegetation time such as Beypazari region. In the
field production, the spread of the plant pathogenic bacteria
is a threat not only for other healthy plants but also for the
inoculation of the soil by infected plant debris. Plant debris
of the inoculated lettuce is a potential source for many host
and non-host plants. Epiphytic survival of the bacterium has
an important role in the life cycle. It can colonize not only
on the host plants but also on non-host plants such as weeds
without showing symptoms (Aysan and Uygur 2005, Yildiz
et al. 2004). There is no effective management of bacterial
diseases after the infection. Copper treatment may protect
at some point but after infection, application of the copper-
based compounds is not functional. Therefore, it is important
to determine the inoculation source of the pathogen and
the reaction of the cultivars to prevent it. Same as Aksoy
et al. (2018)’s report, the bacterium was detected on the
curly type lettuce in the field conditions in this study. The
cultivar reaction results showed the disease severity was less
on Discoa (iceberg) and McMontana (curly) varieties than
other varieties. The disease incidence was found 95.5% and
it showed that all lettuce cultivars from three different lettuce
varieties tested in this work were susceptible to P. viridiflava
infection in different degrees. Seeing infection only on curly
type may cause the seeds to be infected before the plantlet
stage. There is not any remarkable work on the reaction of
the lettuce cultivars against the pathogenic P. viridiflava. This
work exposes the cultivar reaction of different lettuce types
and cultivars against the causal agent of bacterial leaf spot
caused by P, viridiflava.

The LOPAT tests are known as the determinative physiological
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Table 3. Comparison of experimental means and different significance groups of lettuce varieties based on analysis of variance

(ANOVA) Tukey test (P<0.05)

Lettuce varieties Mean St deviation Grouping
Sumarnas 4.000 0.0000 a
Ice castle 4.000 0.0000 a
Diskoa 3.200 1.0954 b
Cartagenas 4.000 0.0000 a
Sementel 4.000 0.0000 a
McMontana 3.000 0.0000 b
Davidole 4.000 0.0000 a
Cuore 4.000 0.0000 a
Calorina 4.000 0.0000 a
Bachus 4.000 0.0000 a

test for the Genus Pseudomonas. In some case, P. viridiflava
isolates may show different LOPAT characteristics. Because
of the high variability between the genus, it is difficult
to discriminate the species of the Pseudomonas by using
only biochemical tests. 16S rRNA sequence is much more
reliable for the identification of the species within the genus.
Gonzales et al. (2013) reported P. viridiflava strains may
show different LOPAT profiles such as yellowish mucoid
colony structure on hyper-sucrose medium or variable
pectinolytic activity on potato slices. Using the physiological
test results and phenotypic features can be deceptive between
closely related species within the same genus. In this work,
the same phenotypic characteristics on King’s medium B was
observed and the physiological test results were the same for
all isolates. Therefore, one representative isolate was selected
as the reference for molecular characterization. Pviridiflava
was detected on the lettuce and in central Anatolia for the

first time with this work.
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OZET

Pseudomonas viridiflava (Burkholder 1930) Dowson 1939
tim diinyada ve Tiirkiyede ¢ok konukgulu bitki patojeni bir
bakteridir. Beypazari il¢esinde tarla kosullarinda yetistirilen
kavircik tip marullarda sulumsu nekrotik lekeler, yapraklarda
koyu kahverengi lekeler ve yaprak uglarinda yaniklik belir-
tileri bakterinin saptanmasi i¢in incelenmistir. Dort farkll
tarladan 12 izolat elde edilmistir. Patojenite testleri kivircik
tip marul tizerinde yapilmis ve ele alinan tiim izolatlar ko-
nukeusu iizerinde patojen bulunmustur. izole edilen bakter-
iler Gram reaksiyonu, LOPAT testleri, King B besi yerinde
olusturdugu koloni morfolojisi ve VITEK-2 sistemi ile kar-
bon kaynaklar1 kullanim1 yéniiyle degerlendirilmis ve P. vir-
idiflava olarak tespit edilmislerdir. Tiim testlerde benzerlik
gosteren izolatlar: temsilen segilen bir izolatin 16S rDNA
bolgesi genetik dogrulama i¢in sekanslanmis ve elde edilen
dizi GenBanKa MN_539659 kodu ile kaydedilmistir. Elde
edilen sekans dizisinin sonucu BLAST analizi sonras: refe-
rans dizi ile %99.75 benzerlik oran1 gostermistir. Yaygin ola-
rak tiretimi yapilan iceberg, kivircik ve yedikule tipi ti¢ farkli
marul tipinden toplam on ¢esit ile etmene kars1 ¢esitlerin
reaksiyonu degerlendirilmis olup cesitler arasindaki fark

istatistiksel olarak énemli bulunmugtur. Bu ¢aligma ile i¢
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Anadolu Bolgesinde Pviridiflava marullarda ilk kez tespit
edilmistir.

Anahtar kelimeler: marul, yaprak lekesi, Pseudomonas viri-

diflava, gesit reaksiyonu
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Vegetable bean production as mid-season crops in greenhouses has increased in

leaf spot disease caused by Pseudocercospora griseola has been a serious disease
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for the last five years and it is so widespread in the region, showing almost 100%
angular leaf spot, common bean, reaction L . .
incidence. Since the beans are used for fresh consumption and are harvested

continuously, fungicide use is restricted due to unwanted residues. Because of

* Corresponding author: Sirel CANPOLAT the farmers in the region widely use two local cultivars susceptible to the disease,

pXqsirelozan_18@hotmail.com providing resistant cultivars for farmers was the aim of this study. Although
the causal agent has great pathogenic variation, determination of pathotypes of
the P. griseola was not succeed since the three of the differential cultivars did
not produced seed in two tested regions of Turkey. For this reason seventeen
common bean cultivars in Turkey were selected and their reactions against
ten randomly selected the most aggressive isolates of P. griseola were used for
screening resistance. Two bush type bean cultivars, Bourgondia and Yalova
17, out of nine showed resistant reaction against all of ten isolates while three
climbing types, Fabio, Burayse and Selvi, out of eight were found resistant against
all of the isolates of P. griseola. All of these resistant cultivars have good culinary
characteristics.

INTRODUCTION

Common bean cultivation in greenhouses has been developed rapidly over the past 25 years, and it is now grown
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on 109.000 ha and produced approximately 632.301 tons in
Turkey (TUIK 2014).

Angular leaf spot (ALS) of common bean (Phaseolus vulgaris
L.), caused by the fungus Pseudocercospora griseola Sacc.
Crous & U. Braun is a serious disease on greenhouse grown
beans in Western Black Sea region, Turkey which is the largest
producer and consumer of common bean. Also because of
our dinner's national beans, bean is a special plant for our
country. ALS causes severe yield losses depending on the
susceptibility of the cultivars and environmental conditions.
The disease affects pods and foliage, and is particularly
destructive in warm, humid areas (Saettler 1991). The
name of the disease comes from the small greyish brown
lesions which are angular in shape. The lesions coalesce,
turn brown, and cause the yellowing of leaves which fall off
prematurely. Lesions may also appear on pods and stems. The
fungus usually sporulates on the lower surface of the leaf by
producing dark grey to black synnemata. The disease also
affects the quality and marketability of pods and seeds across
bean-production areas of the world (Pastor-Corrales et al.
1998). If infected seeds are sown, disease symptoms may
appear on the primary leaves. In developing and adult plants,
usually the older leaves of the plant canopy show more severe
symptoms, spreading to other parts, including pods and
seeds (Mora et al. 1985).

Mora (1985) and Santos-Filho et al. (1978) observed that
inoculations made between 30 and 45 days after sowing
caused maximum yield losses in Brazil. The latter authors
also noted that inoculations made 60 day after planting
reduced seed weight, while inoculations made 75 days after
had no effect on seed yield and weight. Although ALS may
cause severe leaf defoliation Cole (1966) and Dhingra and
Kushalappa (1980) found no correlation between disease
severity on pods and percentage of seeds infected with the
pathogen. The fungus always grows at the hilum. Thus, a
seed became infected with Pseudocercospora griseola (Pg)
only when it was attached to the pod suture directly beneath
a lesion (Pastor-Corrales et al. 1998). Losses can be as high
as 80% under favourable environmental condition (Schwartz
etal. 1981).

Pathogenic variation of the fungus has been reported in
several countries (Buruchara 1983, Correa-Victoria 1987,
Monda 2001) and its control, especially by growing resistant
cultivars is complicated by this variation of the fungus.

Based on morphological and molecular markers, two gene
pools of origin for common bean have been defined namely;
the Andean and Middle American. The Andean isolates are
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pathogenic to large seeded beans while the Middle Americans
are pathogenic to both small and large seeded ones (Pastor-
Corrales et al. 1998). Nonetheless, Pg pathotype structure
might also be associated with the compatibility of cultivated
bean genotypes. Whereas most large seeded commercial
varieties in Uganda are susceptible to ALS (Namayanja et
al. 2006), cultivars such as AND 277, G5686 and Mexico
54 have been identified as valuable sources of resistance
(Aggarwal et al. 2004, Nietsche et al. 2000, Pastor-Corrales
et al. 1998). A number of studies have demonstrated that
the level of variability among and within Pg populations is
considerably high, even though the sexual form of the fungus
has not been found (Liebenberg and Pretorius 1997). Studies
demonstrated variation in pathogenicity of fungal isolates as
53, 13 and 50 different pathotypes described among 54, 30
and 112 isolates that were obtained from Africa, Brazil and
Central America, respectively (Busogoro et al. 1999, Mahuku
et al. 2004, Nietsche et al. 2000). Though ALS has been
determined to occur in Turkey (Ozan 2009, Vural and Soylu
2012), the genetic structure, pathogenicity, disease incidence
and severity, and molecular characterisation of the fungus
remains unknown and probably as a consequence of this
there is hardly any bred commercial cultivar, either tolerant

or resistant.

In recent years, this disease has been one of the most
important bean production constraints in greenhouses in
Western Black Sea region, Turkey. In 2005-2015, severe
outbreaks of ALS of common beans caused by Pg was
observed in greenhouses in Bartin, Zonguldak and Karabiik,
Turkey (Ozan 2009, Ozan and Maden 2010). The purpose
of this study was to screen the resistance of common bean
cultivars grown extensively in Turkey against ten isolates of

the fungus obtained from various places.

MATERIALS AND METHODS
Sampling and isolations

Totally 118 common bean leaf samples having typical ALS
symptoms; being 85, 32 and 1 from Bartin, Zonguldak and
Karabiik provinces of Turkey. The samples were collected
from 100, 82 and 41 da greenhouse cultivation areas of the
three provinces which have 326, 185 and 59 da greenhouse

cultivation area, respectively.

The information about the growth size and pattern, the seed
size and colour of the bean cultivars and the location where
they were collected was recorded. For induction of fungal

sporulation, tissues from infected bean leaves were placed
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on petri dishes, lined with moistened filter paper, and were
incubated at room temperature for 3 to 4 days. Conidia from
sporulated ALS lesions were picked up with a tiny piece
of agar placed on the tip of a sterilized dissecting needle,
streaked onto V-8 juice agar, and then incubated for 24 h at
24 °C. Individual germinated conidia were then transferred
to V-8 juice agar to obtain monosporic cultures for each Pg
isolate. Each monosporic isolate obtained from a different
common bean genotype, was cultured on V-8 juice agar
at 24 °C and kept on V-8 juice agar at 4 °C for long-term

preservation.
Determination of the reactions of some bean cultivars
Inoculum preparation

Ten single spores Pg isolates obtained from bean growing
districts of Bartin, Zonguldak and Karabitkk provinces
were used for the experiments. Inoculum for greenhouse
screenings was obtained from a 2 week-old culture of each
monosporic Pg isolate grown on petri dishes containing
V8- juice agar. Spores for inoculation were prepared from
these plates by adding sterile distilled water and scraping the
surface of the plate with a spatula to dislodge the conidia.
Spore concentration in the inoculums was calculated using a
haemocytometer and adjusted to a final concentration of 2 x
10* conidia/ml using sterile distilled water (Pastor-Corrales
et al. 1998).

Figure 1. The CIAT 1-9 scale used for the evaluation of the
reactions of bean cultivars against Pg

Inoculation and determination of reactions

Seventeen bean cultivars, nine bush type and 8 climbing type,
were used for resistance screening (Table 1). Reactions of all
the seventeen cultivars were tested against ten monospore
isolates of Pg. Bean seeds were sown in pots with 1.5 kg of
soil, manure and sand in a ratio of 2:1:1 and five seeds/pot.

Ten days after sowing, plants were thinned to three/pot. The

Table 1. Common bean cultivars used for disease screening, their growth habits, seed shape and seed colour

Bush types

Pole or climbing types

Name of the cultivar Seed shape and colour

Name of the cultivar Seed shape and colour

1. Karaayse Kidney shape, black

2. Yalova 17 Kidney shape, white

3. Bourgondia Kidney shape, white

4. Nadide Ovoid, white
5. Java Oblong, white
6. Strike Kidney shape, white
7. Volare Ovoid, brown
8. Gina Ovoid, white
9. Magnum Kidney shape, brown

1. Perla Spherical, white
2. Sofya Elliptical, white
3. Ozayse Spherical, white
4. Fabio Kidney shape, white
5. Helda Kidney shape, white
6. BT Burayse Kidney shape, white
7. Selvi Kidney shape, white
8. Sarikiz Spherical, white




Table 2. The CIAT 1-9 scale used for the evaluation of the reactions of bean cultivars against Pg

. . Reaction
Scale value Infection description
type
1 Plants with no visible disease symptoms R
3 Plants with 1-15% of the leaf area with lesions R
5 Plants with 16-40% of the leaf area with lesions MR
7 Plants with 41-70% of the leaf area with lesions MS
9 Plants with 71-100% of the leaf area with lesions, frequently associated with early loss of the S

leaves and plant death

experiment was laid out randomised complete block design
with three replications. Inoculation was done when plants
were in the V3 stage (Schoonhoven and Pastor-Corrales
1987). The conidial suspension was sprayed both onto the
upper and lower surfaces of leaves of the selected cultivars
until wash off. After inoculation, plants were placed into
the growth chamber set to 20-22 °C, and 95-100% relative
humidity. After 4 days, the inoculated plants were transferred
into the greenhouse having 24-28 °C with a 12-h-photoperiod.
Disease evaluations on individual plants were made using a
CIAT 1-9 scale (Schoonhoven and Pastor-Corrales 1987) for
18 days, at an internal of three days, described as Figure 1
and Table 2.

RESULTS

Characteristics of the cultivars grown in the region and

analysed for resistance

In the research, two local cultivars, Seker Ayse and Barbunya
were grown in greenhouses while the cultivar Gina which
was also tested for resistance was found grown in the field at
one location. No disease was observed on this variety in the
field. The cultivars which were screened for resistance (Table
1) were selected among the bean cultivars mostly grown in

Turkey.
Disease incidence and severity in the study area

Angular leaf spot disease was observed almost in all the
greenhouses. The disease affected mainly the leaves and
caused angular leaf spots at the beginning of disease onset,
then the spots coalesced and formed leaf blight, and eventually
leaf shed. It also affected pods where the spots are rounded
and watery at first then dry and dark in colour (Figure 2).
The severity of ALS varied in spring and autumn growing
seasons, being in the ratios of 74.50-80.35% and 88.60-

Figure 2. Symptoms of angular leaf spot disease, a) on the

leaves, b) on the pods
92.88% in Bartin and Zonguldak provinces respectively.
Reactions of bush type bean cultivars

Reactions and disease severity (%) rate of 10 bush type bean
cultivars against 10 isolates of Pg are summarized in Table
3 and 4. Half of the bush type bean cultivars; Java, Strike,
Volare, Gina and Magnum, all foreign originated cultivars,
showed susceptible reactions against all of the Pg isolates. The
cultivars Karaayse and Nadide were also susceptible against
most of the isolates, the former being susceptible against 8,
the latter against 6 isolates. Reactions of the bush type bean
cultivars did not differ so much among the isolates, in other
words all the 10 isolates produced almost similar reactions

on the cultivars.
Reactions of climbing type bean cultivars

Three climbing type bean cultivars; Sarikiz, Sofya and Helda,
all were susceptible, while three cultivars; Fabia, Burayse
and Selvi were resistant against all of the ten isolates of Pg.
f. griseola. The cultivars; Perla and Ozayse gave intermediate
reaction (Table 5 and Table 6).
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Reactions of the climbing type bean cultivars also did not bean cultivars seemed more resistant to ALS. The reactions of
differ so much among the isolates. In general, climbing type the climbing type bean cultivars were not different among the

Table 3. Reactions of 9 bush type bean cultivars against Pseudocercospora griseola f. griseola isolates

Bean Pseudocercospora griseola. f. griseola isolates* / Reaction type

Cultivars

(Bush type) 51 27 A 11 A 62A 112 49 85 79 82 100
Java S S S S S S S S S S
Strike S S S S S S S S S S
Volare S S S S S S S S S S
Gina S N S S S S S S S S
Magnum S S S S S S S S S S
Karaayse S S S S S S MS N MS S
Nadide S MS MS MS MS S S S S S
Bourgondia MR MS MS MR MR MR R R R R
Yalova 17 MR MR MR R R R R R R R

*The origin of the Pseudocercospora griseola. f. griseola isolates were as; 51 Gokgebey-Bakacakkadi, 27A Devrek-Alduvaklar, 11A Devrek-Caydegirmeni, 62A Gokgebey-Kadoglu, 112 Caycuma-
Derekoseler, 49 Gokgebey-Bakacakkadi, 85 Bartin-Hacihatipoglu, 79 Bartin-Dolagiklar, 82 Bartin-Eysanlar, 100 Karabiik-Merkez.

Table 4. Disease severity rate (%) of 9 bush type bean cultivars against Pseudocercospora griseola f. griseola isolates

Bean Pseudocercospora griseola. f. griseola isolates* / Disease severity (%)

Cultivars

(Bush type) 51 27 A 11A 62A 112 49 85 79 82 100
Java 89.50 97.00 97.75 88.00 88.50 91.00 94.75 93.00 96.00 84.75
Strike 89.00 96.75 96.75 88.25 91.25 76.75 95.50 83.50 78.50 85.75
Volare 95.25 98.00 96.20 97.00 80.75 94.00 95.00 95.00 84.75 88.25
Gina 96.00 96.00 100 90.25 94.00 79.25 96.00 96.00 100 100
Magnum 95.50 97.00 100 92.50 97.75 96.00 97.75 99.00 100 98.00
Karaayse 91.00 76.50 76.25 80.50 79.25 82.25 63.75 73.75 56.75 95.00
Nadide 84.50 63.00 64.50 70.25 59.75 73.75 73.50 83.75 76.25 75.25

Bourgondia 30.25 51.25 52.50 28.75 37.25 25.25 14.00 11.00 11.00 11.00

Yalova 17 21.00 20.00 20.50 11.00 11.00 11.00 11.00 11.00 11.00 11.00

*The origin of the Pseudocercospora griseola. f. griseola isolates were as; 51 Gokgebey-Bakacakkadi, 27A Devrek-Alduvaklar, 11A Devrek-Caydegirmeni, 62A Gokgebey-Kadioglu, 112 Caycuma-
Derekoseler, 49 Gokgebey-Bakacakkad, 85 Bartin-Hacihatipoglu, 79 Bartin-Dolagiklar, 82 Bartin-Eysanlar, 100 Karabiik-Merkez.
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Table 5. Reactions of 8 climbing type bean cultivars against Pseudocercospora griseola f. griseola isolates

Pseudocercospora griseola. f. griseola isolates* / Reaction type

Bean

cultivars

(Climbing 51
types)

Sarikiz S
Sofya S
Helda S
Ozayse MS
Perla MS
Fabio R
Burayse R
Selvi R

27 A

MS

MS

R

R

R

11A

MS

MS

R

R

R

62A

112 49 85 79 82 100
S S N S S S
S S S S S S
S S N N S S
S MS MS MS MS S
MR MR MS MS MR MR
R R R R R R
R R R R R R
R R R R R R

*The origin of the Pseudocercospora griseola. f. griseola isolates were as from; 51 Gokgebey-Bakacakkadi, 27A Devrek-Alduvaklar, 11A Devrek-Caydegirmeni, 62A Gokgebey-Kadoglu, 112
Caycuma-Derekoseler, 49 Gokgebey-Bakacakkadi, 85 Bartin-Hacihatipoglu, 79 Bartin-Dolagiklar, 82 Bartin-Eysanlar, 100 Karabiik-Merkez.

Table 6. Disease severity rate (%) of 8 climbing type bean cultivars against Pseudocercospora griseola f. griseola isolates

Bean cultivars

Pseudocercospora griseola. £. griseola isolates* / Disease severity (%)

(Climbing

types) 51
Sarikiz 74.00
Sofya 96.75
Helda 95.75
Ozayse 63.75
Perla 59.75
Fabio 11.00
Burayse 11.00
Selvi 11.00

27 A

75.00

100

96.00

62.00

67.25

11.00

11.00

11.00

11A

71.25

97.75

93.50

70.25

58.00

11.00

16.50

11.00

62A

73.75

96.00

88.75

61.50

53.75

11.00

11.00

11.00

112 49 85 79 82 100

84.50 87.00 86.75 89.00 96.25 85.00

100 99.00 100 100 100 100

73.00 83.75 97.50 81.50 97.50 80.50

78.00 64.20 65.50 61.75 45.00 73.75

33.75 24.50 44.75 46.50 33.25 20.00

11.00 11.00 11.00 11.00 11.00 11.00

11.00 11.00 11.00 11.00 11.00 11.00

11.00 11.00 11.00 11.00 11.00 11.00

*The origin of the Pseudocercospora griseola. f. griseola isolates were as from; 51 Gokgebey-Bakacakkadi, 27A Devrek-Alduvaklar, 11A Devrek-Caydegirmeni, 62A Gokgebey-Kadioglu, 112
Caycuma-Derekoseler, 49 Gokgebey-Bakacakkadi, 85 Bartin-Hacihatipoglu, 79 Bartin-Dolasiklar, 82 Bartin-Eysanlar, 100 Karabiik-Merkez.

isolates, in other words all the 10 isolates produced almost

similar reactions on the cultivars.

DISCUSSION

Common bean cultivation in greenhouses, especially for

green consumption, in Zonguldak, Bartin and Karabiik
provinces of Turkey has been practised twice a year, in the
spring and autumn at about 1.040 da. The profitability of
this crop has been impaired by ALS caused by the fungus
Pg especially for autumn growing period. The pathogen is
genetically differentiated into two forms; P. g. f. griseola and
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P g. f. mesoamericana (Crous et al. 2006) and molecular
analysis of ITS gene sequences of 118 isolates showed that all

of isolates were belong to the P, g. f. griseola.

The most feasible method to control ALS, especially on
snap beans is to grow resistant varieties. To achieve this;
pathogenic variation, which Pg has many pathotypes, has to
be known. Although we tried to determine the pathotypes
of Pg, it was not succeed to grow and obtain seeds of three
differential cultivars in Turkish climatic conditions. For this
reason, ten randomly selected isolates of the pathogen were
used to test the reactions of some cultivars, foreign and native
origin. Seventeen bean cultivars, 9 being bush type and 8
being climber type, were selected for the tests. Bean cultivars
are generally divided into groups based on the growth habits
(bush or climber) and seed size and the characteristics of

beans are related with these aspects.

Although the reactions of bean cultivars against ten isolates
of P g f. griseola showed variation, there were not any
differences among the isolates. This shows that the randomly
selected isolates of Pg do not have pathogenic variation. To
put it clearly, pathotypes of the many isolates of Pg should be
determined by using differential genotypes.

Several previous studies have indicated the use of different
resistant sources against ALS. For instance, studies on
screening common bean genotypes for resistance to ALS
have been conducted and some sources of resistance
identified. Some of these sources include MAR-1, MAR-2,
MAR-3, Mexico 54 and BAT 332 (Buruchara and Bua 1999,
Caixeta et al. 2003, Mahuku et al. 2003, Mahuku et al. 2004,
Mahuku et al. 2009, Namayanja et al. 2006, Pastor-Corrales
et al. 1998). Some of the studies also revealed that Mexico 54
was resistant to most African isolates that have so far been
characterized (Namayanja et al. 2006). Out of 163 African
isolates, Mexico 54 was resistant to 158 and hence considered
as one of the excellent source of resistance to ALS in Africa
(Namayanja et al. 2006). However, the resistance in Mexico
54 varies in the number of genes that condition resistance in
it (Ddamulira 2016).

Three bean cultivars having Turkish names Burayse, Selvi,
Yalova 17, and two foreign origin varieties, Bourgondia and
Fabio, showed resistance to all of the isolates used during the
screening test. Therefore, these cultivars may be proposed to
the farmers in the region as their horticultural aspects are
satisfactory. On the other hand, another approach to reduce
disease incidence by sowing even mixtures of resistant and
susceptible bean varieties was proposed by Olango et al.

(2017) since they found low disease incidence sown by the
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bulk mixtures. For maintaining the resistance of a variety
for a long time and preventing formation of new resistant

pathotypes sowing bulk mixtures could be useful.

The difficulty of breeding resistance arises when the disease
is inherited by many genes. Although it is not easy to obtain
complete resistance to all of the races of ALS disease, breeding
programs for resistance eventually help to reduce disease
severity in the field. De Faria et al. (2013) evaluated the
performance of 40 bean cultivars recommended by various
Brazilian research institutions between 1970 and 2013 and
found 6.74% grain yield increase during this period. A
recent study on QTL markers showed promise for resistance
breeding of beans against ALS disease. Oblessuc et al.
(2012) found an environmentally stable marker (GATS11b)
as a potential tool for marker assisted selection for ALS
resistance. Though the pathotypes of Pseudocercospora
griseola is determined by the reactions formed on the leaves,
this might not be suitable when deciding on the resistance of
the varieties. Since Borel et al. (2011) found the heritability
of pod symptoms was higher than the leaf symptoms which

were influenced by environmental factors greatly.

Pathogenic variability of P. griseola is very high in some
places. For instance, Silva et al. (2008) determined ten
pathotypes in Minas Gerais State of Brazil, four of them
being first records. Pathogenic variability was also reported
in Argentina (Stenglein et al. 2006). The same situation might

occur in Turkey.

This is the first study to determine screening of the reactions
of the most commonly grown bean cultivars against ALS
disease agent of beans although it was reported previously
in Turkey (Anonymous 1991, Ozan 2009, Vural et al. 2007,
Vural and Soylu 2012). Studies done in other countries
showed that bean cultivars are mostly susceptible to ALS
disease especially the big seeded varieties (David et al. 2000,
Ddamulira 2016, Leitich 2016, Sartorato 2004, Wagara et
al. 2004). It is interesting that most of the selected cultivars
grown in Turkey are white seeded and the resistant cultivars
belonged to white types, being two kidney shape.
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OZET

Bati Karadeniz Bolgesinde Bartin ve Zonguldak illerinde
seralarda ara sezon triinii olarak fasulye tiretimi buyiik artis
gostermistir. Taze fasulye, bu bolgedeki toplam 510.000 da
alanin yaklagik yarisinda ekilmektedir. Pseudocercospora
griseola’nin neden oldugu koseli yaprak lekesi hastalig1 son
bes yildir fasulye tiretiminde ciddi zararlara neden olmakta ve
bolgede neredeyse %100 hastalik ¢ikisina sebep olmaktadir.
Fasulyenin taze olarak tiiketilmesi ve sik hasat edilmesi
nedeniyle fungisit kullanimi istenmeyen kalintilar sebebiyle
kisitlanmigtir. Bolgedeki iftcilerin yaygin olarak hastaliga
duyarl: iki yerel ¢esidi kullanmalar1 nedeniyle bu ¢alismada
giftgilere dayanikli gesitler saglamak amaglanmigtir. Hastalik
etmeninin patotiplerinin belirlenmesinde kullanilan 1k
ayirict set icinde yer alan ti¢ fasulye cesidi Tirkiyenin
iki farkli bolgesinde yetistirilmis ancak tohum elde
edilemediginden hastaliga neden olan etmenin biuyiik
patojenik varyasyonu olmasina ragmen, P griseolanin
patotipleri belirlenememistir. Bu nedenle Tiirkiyede en gok
yetistirilen on yedi fasulye ¢esidi se¢ilmis ve tesadiifi olarak
secilen P griseolanin en agresif 10 izolat: ile dayaniklilik
taramasi yapilmistir. Dokuz oturak tipi fasulye gesidinden
ikisi Bourgondia ve Yalova 17, sekiz sirik fasulye ¢esidinden
ise ti¢li Fabio, Burayse ve Selvi tim P. griseola izolatlarina
kars1 dayanikli reaksiyon gostermistir. Bu dayanikli gesitlerin

hepsi sofralik olarak da iyi 6zelliklere sahiptir.

Anahtar kelimeler: Koseli yaprak lekesi, fasulye, c¢esit
reaksiyonu
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This study aimed to determine a spraying program that will be more effective
and appropriate in time for the control of powdery mildew disease. The trial was
carried out in 2015 at the vineyard of Manisa Viticulture Research Institute in
Sultani seedless grape variety known to be naturally infected with the disease.
Three programs, including Program A (Plant Protection Technical Instructions
chemical control), Program B (addition of an additional pesticide application
between the first and second applications in the (Plant Protection Technical
Instructions) and Program C (early chemical control when shoots are 10 cm
long), were tested with different time of pesticide application. By evaluating the
times of spraying on the control against diseases, the most effective spraying
program was determined. Fungicide, 30 ml" 100, containing 100 g 1" kresoxim-
methyl + 200 g1 boscalid (Collis SC, BASF) active substance was used in the dose
of water in all the applications performed according to all of the programs. As a
result, Program A was 53.88%, Program B was 69.17%, Program C was 73.79%
effective in the control against powdery mildew disease on leaves; Program A
was 65.22%, Program B was 87.50% and Program C was 92.61% effective in the
control against powdery mildew disease on grape bunches.

GIRIS

Ulkemiz, 461.958 ha bag alani ile bagcilik yapan iilkeler
arasinda ispanya, Cin, Fransa, halya’dan sonra 5. sirada,
iretimde ise 4.200.000 ton yas {iziim iiretimi ile 4. sirada
yer almistir (TUIK 2018). Toplam {iziim iiretimimizin
%30unu (1.240 bin ton) ¢ekirdeksiz kurutmalik wziim

olusturmaktadir (kuru tziim karsih@i 310 bin ton).
Ulkemizde gekirdeksiz kurutmalik iztim dretimi, Ege
Bolgesinde ézellikle Manisa (%87), Izmir (%6) ve Denizli
(%6) illerinde yogunlasmistir. Ege Bolgesi mevcut bag

alanlarimizin %34ini olusturmaktadir ve 139.802 hada
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bagcilik yapilmaktadir. Manisa ili 78.430 ha bag alani ile Ege
Bolgesinde yogun bagcilik yapan tek ildir. Ozellikle Sultani
Cekirdeksiz kuru tiziim ile 6zdeglesmis olan Manisa, Tiirkiye
kuru tziim tretiminin %94’ini karsilamaktadir. Manisa,
sadece iilkemizde degil, diinyada da 6nemli tiziim tiretim
bolgesi olarak bilinmektedir (Anonim 2018).

Ulkemizin gerek diinya iizerindeki cografi konumu, gerekse
ekolojik faktorlerin degisimi ve elverisliligi nedeniyle bagcilik
farkli bolgelerde genis alanlara yayillmaya devam etmektedir.
Bununla birlikte, verimi olumsuz yonde etkileyen 6nemli
bag hastaliklar: da gelisme gostermektedir. Tim diinyada ve
tilkemizde de 6nemli kayiplara yol agan bag hastaliklarindan

birisi de Bag kiillemesi (Erysiphe necator Schw.)dir.

Bag kiillemesi, iilkemizin hemen her bolgesindeki bag
alanlarinda gortlen ve zarar yapan obligat parazit olan
o6nemli fungal bir hastaliktir. Hastalik, sicak ve kuru
hava kogullarinda salkim kalitesi ile bagin gelisimini ve
verimini olumsuz yénde etkilemektedir (Pearson 1988).
Hastalik, asmanin yaprak, sap, siirgiin ve salkiminda zarar
olusturmakta, asmada gelisme geriligine, trtniin kalite
ve miktarinda 6nemli ol¢ide azalmaya hatta miicadelesi
yapilmadiginda %90’lara varan zararlara yol agabilmektedir.
Zirai Miicadele Teknik Talimatina gore hastaligin miicadelesi
gerceklestirilmektedir. Hastalikla miicadelede ilk ilaglama,
stirgtinler 25-30 cm uzunluga ulagtigi donemde; ikinci
ilaglama, ¢igek tag yapraklarinin dokiildagii ve koruklarin
sagma tanesi iriliginde oldugu donemde; tigiincti ve diger
ilaclamalar, ikinci ilaglamadan sonra kullanilacak ilacin
etki siiresine gore tanelere ben diisme donemine kadar

yapilmaktadir (Anonim 2015a).

Ureticilerden bakanligimizin ilgili birimlerine miicadelede
yetersizkalindigina dair her yil ok sayida sikayet gelmektedir.
Zirai Miucadele Teknik Talimatinda Onerilen ilk ilaglama
ile ikinci ilaglama arasinda bolgelere ve iklim kosullarina
gore yaklasik 30-40 giinliik bir siire ge¢mekte olup gelen
sikdyetlerde de bu siirenin etkisinin oldugu anlagilmistir.
Bu
etki siirelerinin yetersiz kaldigi goriilmektedir. Yapilan

sire dikkate alindiginda kullanilan fungisitlerin

calismalarda Zirai Miicadele Teknik Talimatinda onerilen
1. ve 2. ilaglama zamanlar1 arasindaki siirenin, hastalikla
miicadelede kullanilan kimyasallarin etki stirelerinden
daha uzun oldugu ve bu dénemde asmalarin hastaliga kars:
korunamadig1 da bildirilmistir (Albayrak et al. 2011).

Arastirmacilardan ve uygulayicilardan gelen, Bag kiillemesi
hastaligina kars1 mevcut miicadele programinin hastaligin
miicadelesinde yetersiz kaldig1 goriisii tizerine, mevcut talimat

ve metotlarda ortaya ¢ikan sorunlari en aza indirgemek ve
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miicadele zamanlarinda diizenleme yapilmas: i¢in Tarimsal
Aragtirmalar ve Politikalar Genel Miidiirliigiiniin 25.04.2014
tarih ve 21278028-930/3678 sayili yazisi ile Bag kiillemesi
hastaliginin Zirai Miicadele Teknik Talimatinda ve Standart
Ilag Deneme Metodunda yer alan miicadele zamanlarinda
revizeye gidilmesi, tilkemizin 7 farkli cografi bolgesinde bir
yillik galigmanin yapilmas: bildirilmistir. Bu dogrultuda, Ege
Bolgesi Manisa ilinde bu ¢alisma gergeklestirilmistir.

MATERYAL VE METOT

Manisa Bagcilik Arastirma Enstitiisii, Horozkéyde yer
alan aragtirma parselinde, 3x2 m araliklarla dikilmis 1103
Paulsen anaci tizerine asih Sultani Cekirdeksiz (Vitis vinifera
L.) asmalari ile bitki koruma triinii, sirt pilverizatorii ile
laboratuvar malzemeleri materyalimizi olusturmustur.
Denemede kullanilan bitki koruma triiniintin etki stiresi
11-12 giin olarak kabul edilmistir. Calismada hastaliga kars:
ruhsatl 100 g I'* kresoxim-methyl + 200 g 1! boscalid etkili
madde igeren fungisit (Collis SC, BASF) etiketinde yer alan

tavsiye dozunda kullanilmistir.

Calisma 2015 yilinda yiratilmis ve deneme alaninda
fenolojik takipler ve kiltiirel bakim islemleri yapilmus,
gerekli kayitlar tutulmustur. Caligma, tesadif bloklar
deneme deseninde, 5 tekerriirlii ve 4 karakterli (Program
A, Program B, Program C ve Kontrol) olarak kurulmustur.
Ilaglamalarda parseller arasinda ilaglama perdesi kullanilmus
ve 6 omca bir parsel olarak alinmistir. Caligmada hastaligin
miicadelesine yonelik olarak asagida agiklanan sekilde 3
farkli programa goére uygulamalar yapilmustir. Kontrolde

herhangi bir uygulama gergeklestirilmemistir.
Program A: Zirai Miicadele Teknik Talimatina gore:
1. [laglama: Cigekten 6nce siirgiinler 25-30 cm oldugu,

2. Ilaglama: Cigek tag yapraklarinin dokiildiigi ve koruklarin
sagma tanesi iriliginde oldugu,

3. ve diger ilaglamalar: ikinci ilaglamadan sonra kullanilan
ilacin etki siiresine gore tanelere tath su yiirtidigti doneme

(ben diigme) kadar devam edilmistir.

Program B: Zirai Miicadele Teknik Talimatina gore yapilan

ilk iki ilaglama arasina bir uygulama daha eklenmistir:

1. flaglama: Cigekten énce siirgiinler 25-30 cm’ye ulastig:
dénemde,

2. Ilaglama: Gigeklenme dncesi, igek tomurcuklari ayrildig:
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donemde,
3. Ilaglama: Cigek tag yapraklarinin dokiildiigii donemde,

4. ve diger ilaglamalar: Ugiincii ilaglamadan sonra kullanilan
ilacin etki siiresine gore tanelere tath su yiriidiigii zamana

(ben diigme) kadar stirdirilmistiir.
Program C: Erken dénemde ilaglama,

1. flaglama: Cigekten once siirgiinler ortalama 10 cm’ye
ulagtigi dénemde,2. flaglama: ve diger ilaglamalar: Kullanilan
ilacin etki siiresine gore ben diisme doénemine kadar

strdtirialmastiir.
Yaprak ile salkimda sayim ve degerlendirme

Ayni parsel tizerinde yer alan 6 omcadan ortadaki 2x2=4 omca
tizerinde ytiratilmistiir. Bag kiillemesinin degerlendirilmesi
yaprak ve salkim tizerinde yapilmistir (Anonim 2015b). Sayim
yapilacak her bir omcanin ¢evresindeki siirgiinlerden, dipten
ti¢lincii yapraktan sonraki yapraklardan, tesadiifen alinan 25
yaprakta, dort omcadan alinacak toplam 100 yaprakta sayim
ve degerlendirmeler yapilmistir. Bag kiillemesi hastaliginda
yaprak i¢in degerlendirme skalasi Cizelge 1de verilmistir
(Anonim 2015b).

Cizelge 1. Bag kiillemesi hastaliginin yaprakta hastalik
degerlendirmede kullanilan 0-4 skalas:

Skala Degeri ~ Hastalik Tanimi
0 Yaprakta hi¢ leke yok
1 Yaprakta 1-2 leke mevcut
2 Yaprakta 3-10 leke mevcut
3 Yaprakta 10 adetten fazla leke mevcut

Sayim sonucunda hastalikli tane yiizdesi bulunmus, bu
degerlerden Abbott formiilii ile de ilaglamalarin yiizde
etkisi (Anonim 2015b).

salkimda yapilan sayimlar sonucunda elde edilen degerlere

hesaplanmuistir Yaprakta ve

varyans analizi yapilmistir. Sonuglara Duncan ¢oklu
karsilagtirma testi yapilarak uygulamalar gruplandirilmistir.
Degerlendirmelerde SPSS 17.0 (Ver.17.0, SPSS Inc., Chicago,

IL, USA) istatistik programi kullanilmistir.

SONUCLAR
Fenolojik takip
Manisa  Bagaililk  Aragtirma  Enstitlisii,  Horozkoy
yerleskesinde, Sultani Cekirdeksiz tiziim ¢esidine ait

bagda 15.03.2015 tarihinde parselasyon yapilarak deneme
kurulmustur. Calismada, fenolojik takipler yapilmis ve
tutulan fenolojik kayitlar Cizelge 2'de verilmistir. Kontrolde
hastalik siddeti %20’nin {izerinde bulunmustur. Deneme
baginda hastalik belirtisi 01.06.2015 tarihinde yaprakta
tespit edilmigtir. Kontrol parsellerinde yaz boyunca yapilan
gozlemlerle; fungusun, asmanin tiim yesil aksaminda zarara

neden oldugu belirlenmistir.

Cizelge 2. Caliymanin yapildigi yilda deneme baginda
tutulan fenolojik kayitlar

Fenolojik Donemler Tarih
Tomurcuk patlamasi donemi 18.03.2015
baslangici

Hastaligin ilk tespiti 01.06.2015
Ben diisme donemi baslangici 22.07.2015
Projenin degerlendirilmeye 31.07.2015
baslandig:

Hasat donemi 21.08.2015

Yaprak sayimlar1 sonucunda elde edilen skala degerlerinden
hastalik
siddeti bulunmus, bu degerlerden Abbott formiili ile de

Townsend-Heuberger formiiline gore yiizde

ilaglamalarin yiizde etkisi hesaplanmistir (Anonim 2015b).
Salkimda sayim ve degerlendirme

Her parselde sayima tabi, omcalarin her birinden 5er
salkimda olmak {izere, 4 omcadan alinan toplam 20 salkimda
hasta ve saglam taneler sayilarak, parseldeki hasta ve saglam
tane adeti belirlenmigstir. Yaprakta ve salkimda sayimlar son
ilaglamadan sonra, ilacin etki siiresi ve etmenin inkiibasyon
stiresi (5-6 giin) toplami dikkate alinarak yapilmistir
(Anonim 2015b).
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Gozlerin uyanmasindan itibaren, projenin yiiritildagi bag
alaninda fenolojik ve iklimsel degerler kaydedilmeye ve takip

edilmeye baslanmistir.
Uygulamalar

Program A: Program Anin ilk ilaglamas: siirgiinler ortalama
20-30 cmye wulastigi dénemde (30.04.2015 tarihinde)
gerceklestirilmistir. Program Ada, ben diiyme donemine
kadar 6 ilaglama gergeklestirilmistir.

Program B: Hastalikla miicadelede ilk ilaglama siirgiinler
yaklagik 20-30 cm'ye ulastiginda (30.04.2015 tarihinde)

baslanmistir. Bu programa gore 7 ilaglama yapilmustir.
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Program C: Bu programa gore ilk ilaglama siirgiinler ortalama
10 cm’ye ulagtigi donemde (16.04.2015 tarihinde) baslamis

ve ben diisme donemine kadar 9 ilaglama gergeklestirilmigtir.
Denemede yer alan Program A, B ve Cye ait ilaglamalarin
sayisy, tarihi ve uygulandigi fenolojik donem Cizelge 3de

verilmigtir.

Sayim ve degerlendirmeler

Sayim ve degerlendirmeler 31.07.2015 tarihinde deneme
bagindan alinan yaprak ve salkimda yapilmustir.

Hastalik belirtisi deneme yilinda salkimdan 6nce yaprakta
gozlemlenmistir. Yapilan sayimlar sonucunda uygulamalarin
kontrole gore yiizde etkileri: Program C %73.79, Program B
%69.17 ve Program A %53.88 olarak bulunmustur. Yaprak
sayimlar1 sonucu ($ekil 1) elde edilen hastalik oranin ytizde
degerleri ve uygulamalarin kontrollere gore ytizde etkileri
Cizelge 4de agiklanmistir.

Cizelge 3. Program A, B ve Cye ait ilaglamalarin sayisy, tarihi ve uygulandig: fenolojik dénem

flaglama Program flaglama Fenolojik Program flaglama Fenolojik Program ilaglama Fenolojik
Sayist Adi Tarihi Dénemler Adi Tarihi Dénemler Adi Tarihi Dénem
1 30.04.2015 Siirgiinler 30.04.2015 Siirgtinler 16.04.2015 Siirgiinler
25-30 cm 25-30 cm 10 cm
uzunlukta uzunlukta uzunlukta
2 03.06.2015 Koruklar 14.05.2015 Cigeklenme 27.04.2015 Siirgiinler
sagma oncesi 20-30 cm
tanesi uzunlukta
iriliginde
3 15.06.2015 ince 03.06.2015 Koruklar 08.05.2015 Cigek
Koruk sagma tomurguklarinin
tanesi ayrilmast
iriliginde
4 26.06.2015 Kapalt 15.06.2015 Ince 20.05.2015 Cigeklenme
Salkim Koruk
5 08.07.2015 Kapalt 26.06.2015 Kapali 01.06.2015 Koruklar
Salkim Program Salkim Program sagma
Program A X
Olgunluk B C tanesi
Baslangici iriliginde
6 20.07.2015 Olgunluk 08.07.2015 Kapali 12.06.2015 Ince
Baslangici Salkim Koruk
Olgunluk
baslangic
7 - 20.07.2015 Olgunluk 23.06.2015 Kapali
Baslangici Salkim
8 - - 04.07.2015 Kapali
Salkim
Olgunluk
Baslangic1
9 - - 15.07.2015 Olgunluk
Baslangic
Toplam 6 Ilaglama 7 llaglama 9 flaglama
flaglama
Sayisi

Deneme baginda ben diisme déneminin baslangici ile birlikte
ilaglamalara son verilmistir ve son uygulamadan 11-15 giin
sonra sayim ve degerlendirme (Sekil 2) gergeklestirilmistir.
Yapilan sayimlar sonucunda hastalikli tanelerin yiizdesi:
kontrolde %70.76, Program Ada %30.58, Program Bde
%11.14, Program Cde ise %6.5 olarak tespit edilmistir.
Salkim sayimlarindan elde edilen hastalikli tane yiizdeleri,
uygulamalarin kontrolle gore yiizde etkileri ve istatistiksel
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gruplamalar Cizelge 4de verilmistir.

Bu galisma ile Bag Kiillemesi (Erysiphe necator) hastaligina
karst uygulanacak kimyasal miicadelede ilk ilaglama
zamanini ve diger ilaglama araliklar1 belirlenerek hastalikla
miicadelede etkinlik saglayacak bir ilaglama programi
olusturulmugtur. Caligmada hastaligin miicadelesine y6nelik
farkli ilaglama zamani ve araliklar1 olan Program A, Program
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Cizelge 4. Farkli ilaglama uygulamalarinin yaprakta ve salkimda kiilleme hastalig1 izerine etkisi

Uygulamalar Yaprakta Hastalik Yaprakta Hastalikli Salkimda
Siddeti (%) Uygulamalarin Etkisi (%)  Tane Orani (%)  Uygulamalarin Etkisi (%)
Program A 36.07b 53.88 30.58 b 65.22
Program B 24.18 ¢ 69.17 11.14 ¢ 87.50
Program C 20.62 ¢ 73.79 6.55¢ 92.61
Kontrol 78.28 a* - 70.76 a* -

*Yaprakta ve salkimda Duncan ¢oklu kargilagtirma testine gore P<0.05% gore 6nemlidir. Ayn1 harfi almig ortalamalar ayni istatistiki grupta yer almustir.

Sekil 1. Program uygulamalar: sonrasi tesadiif bloklar:
deneme desenine gore I. Bloktaki a) A programi b) B
programi ¢) C programi ve d) kontroldeki yapraklara ait

sayim ve degerlendirmelerden genel goriintiiler

B, Program C’ye gore uygulamalar yapilmigtir.

Program Anin 2016 yilina kadar bag kiillemesi ile kimyasal
miicadelede tavsiye edilen programina gore 6 kez ilaglama
yapilmis ve yaprakta %53.88, salkimda %65.22 oraninda
etkinlik belirlenmistir. Program Ada ilk iki ilaglama arasinda
34 giinliik ilagsiz stire gegmis ve koruklarin sagma tanesi
oldugu dénemde ilaglama (03.06.2015) gergeklestirilmis
ve ilk enfesiyon bu donemde (01.06.2015 tarihinde)
gortulmiistiir. Enfeksiyon sonrasi gergeklestirilen ilaglama ve
ilacin etki siiresine gore 11-12 giin araliklarla yapilan diger

ilaglamalar hastalig1 kontrol altina almigtir.

TARTISMA VE KANI

Bag killemesi hastaliginin kimyasal miicadelesi ile ilgili
tireticilerden, bitki koruma f{riinii firmalarindan gelen
sikayetler dogrultusunda planlanan ¢aliyma ile Zirai
Miicadele Teknik Talimatinda ve Standart ilag Deneme

Metodunda yer alan miicadele zamanlarinda uygun ilaglama
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PROGRAM B

PROGRAM A
I, K

KONTROL
II. BLOK

Sekil 2. Program uygulamalari sonras tesadiif parselleri
deneme desenine gore II. Bloktaki a) A programib) B
programi ¢) C programi ve d) kontroldeki salkimlara ait

sayim ve degerlendirmelerden genel goriintiiler

donemlerinin belirlenmesi hedeflenmistir.

Zirai Miicadele Teknik Talimatina gore uygulamalarin
yapildigi Program Ada 6 ilaglama gergeklestirilmistir. flk
ilaclama zaman ile ikinci ilaclama zamani arasinda 34
glinliik stirenin gegtigi ve ilacin etkinlik siiresi olan ortalama
10-14 giinliik siire 34 giinlilk siireden ¢ikarildiginda en 20
glinliik siirenin ilagsiz gectigi tespit edilmistir. Turan and
Tokgéniil (1994), Bag kiillemesine karsi uygun miicadele
metodunun tespiti tizerine yirittiikleri ¢aliymada, Zirai
Miicadele Teknik Talimatina goére yapilan uygulamadaki
ilk iki ilaglama zamani (20-30 cm’lik siirgiin donemi ile
koruklarin sagma tanesi iriligi dénemi) arasinda gegen
stireyi, Arpagsakarlarda 38, Akdam ve Sarigukurda 30 ve
Findiklrda 34 giin bulmustur.

Bag  kiillemesi hastaligt  i¢in  uygulanan kontrol
programlarindaki fungisitler koruyucu olarak uygulandiklari
zaman daha etkili olmaktadir (Gubler et al. 1999). Bag
kiillemesi hastaligina kars1 kullanilan fungisitlerin etki

stireleri dikkate alindiginda, Program Adaki 1. ile 2. ilaglama
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zamanlar1 arasinda bolgemizde gegen ve hastaliklara
hassasiyet agisindan en kritik evre olan ¢igeklenme
donemini de igeren 34 giinliik siirede, asmalar hastaliga kars:
korunaksiz kalmustir. flagsiz gecen bu siire, bagin kiilleme
hastaligina karsi en hassas oldugu ¢iceklenme Oncesi ve
gigeklenme sonrasi donemi kapsamaktadir (Gadoury et
al. 2006). Bat1 Washingtonda Bag kiillemesi hastalig1 ile
miicadelede, ilaglama araliginin, etmenin enfeksiyon gelisimi
i¢in uygun oldugu hava kosullarinda, ilaglarin etki siiresine
gore kisaltilmasi gerektigi bildirilmektedir (Moyer and
Grove 2012). Kiilleme hastaliginin kontroliindeki en kritik
donemlerin, ¢iceklenme 6ncesi ve meyve tutumu sonrasindaki
ti¢ hafta oldugu ve bu dénemde en etkili fungisitlerin tercih
edilmesi gerektigi vurgulanmaktadir. Program Adaki 1.
ilaglama zamaninin ilk enfeksiyonlar: 6nlemede ge¢ kalmis
olmasi ve 1. ile 2. ilaglama zamanlar1 arasinda gegen siirenin,
hastaliga kars: kullanilan fungisitlerin etki siirelerinden uzun
olusu, mevsim sartlarinin hastaligin gelisimine uygun gittigi
yillarda hastaligin vejetasyon donemi igerisindeki seyrinde ve
olusturdugu iiriin kayiplarinin miktarinda etkili olmaktadir.

Zirai Miicadele Teknik Talimatina goére yapilan ilk iki
ilaglama arasina bir uygulama daha eklenmesi ile olugturulan
Program B’ye gore hastalikla kimyasal miicadelede 7 ilaglama
yapimistir. Kontrole gére B programinin yiizde etkinligi
yaprakta %69.17, salkimda %87.50 olarak belirlenmistir.
Sturgtinler 25-30 c¢cm uzunlugunda iken Program Bde
ilaglamalara baglanmigtir, kiilleme hastaliginin primer
enfeksiyonlarina karsi ilk ilaglama zamanin koruyucu
olmadigini gostermistir. Hastaligin bir 6nceki y1l gorildagi
alanlarda ertesi yil mutlaka erken doénemde koruyucu
ilaglama yapmanm o6nemi belirtilmistir (Albayrak et al.
2011). Hartman and Beale (2008), kiilleme ile miicadelede
uygulamalarin ¢igeklenmeden hemen once baslanmasi
gerektigini ve 6zellikle enfeksiyona hassas gesitlerde primer
enfeksiyonlarin erken kontroliiniin bu hastaligin tedavisinde
6nemli oldugunu bildirmistir. Tim askosporlar salinana
kadar primer enfeksiyonlar kontrol altma alinabilirse,
sekonder enfeksiyonlarin neden oldugu mevcut inokulum
miktarinin da biiyiik ol¢lide azaldig: ifade edilmistir (Ellis
et al. 2009). Kiilleme hastaliginin erken dénemde yeterince
kontrol edilememesi durumunda, Botrytis ¢trtkligi gibi
diger salkim ¢iiriiklitklerinin daha da arttig1 agiklanmustir
(Ellis et al. 2009).

Erken donemde ilaglamaya baglamanin amaglandigt
Program Cye gore hastalikla kimyasal miicadelede 9 ilaglama
yapilmustir. Hastalikla miicadelede kontrole gore en yiiksek
etkinlik hem (%73.79 oraninda) yaprakta hem de (%92.62
oraninda) salkimda bu programa gore yapilan ilaglamalarda

gerceklegmistir. ilk ilaglama zamaninin diger programlara
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gore ok erken olmasi ve ilaglama zamanlarimin, kullanilan
ilacin etki siiresine gore ayarlanmis olmasi1 nedeniyle basarili
etki gostermistir. Program Cde ilk ilaglama zamaninin
(16.04.2015 tarihinde) stirgiinler 10 cm uzunlugunda
iken yapilmas: ile hastaliga karsi daha erken donemde
koruyucu etki saglanmis ve asmalar ilk enfeksiyonlardan
korunmustur. Programda ilaglama araliklarinin kullanilan
ilacin 11-12 giinliik etki siiresine gore diizenlenmesiyle, bag
sezonu siiresince hastalikla miicadelede diger uygulanan
programlara gore daha koruyucu etki elde edilmistir.
Uziim tanelerinin ciceklenme &ncesi ve sonrasindaki 4-5
hafta yani tane tutumu déneminde kiillemeye kars1 hassas
oldugu ve hastalik bu donemde kontrol edilmezse ciddi tiriin
kayiplarinin meydana geldigi bir ¢ok ¢aligmada bildirilmistir
(Gadoury et al. 2000, Gubler et al. 1999, Reuveni 2010).
Program C ile hem ilaglamalar erken baslatilmis hemde
ciceklenme Oncesi ve sonrasi hassas dénem, ilacin etki stiresi

takip edilerek, siirekli kontrol altinda tutulmustur.

Moyer (2012), Bag kiillemesi ile kimyasal miicadeleye
sirglinler 10 cm oOncesinde iken baglamanin yapraklar:
enfeksiyonlardan korudugu, ¢igeklenme sonrasi donem
ile tanelerin irilesmeye basladigi doénemler arasindaki
uygulamalarin ise salkimdaki hastalik yonetimi i¢in en hasas
zaman oldugunu belirtmistir. S6z konusu ¢alismada hava
kosullar1 fungal gelisim igin uygun oldugunda, en etkili ve sik

araliklarla fungisit uygulamalarinin yapilmasini 6nermistir.

Program Chnin ilaglama sayisinin ¢oklugu, hastalikla
miicadelede gosterdigi yiiksek etkinligin nedenini de
aciklamaktadir. Bitki korumada en ¢ok tercih edilen kimyasal
miicadele uygulamalar: sirasinda sik araliklarla fungisitlerin
kullanimi, canhlar arasindaki dogal dengenin bozulmas,
kalinti, zararli organizmalarin diren¢ kazanmasi, ¢evre
kirliligi, maliyetlerin artmas: gibi sorunlari da beraberinde
getirmektedir. Bitki korumanin amaci, tim ekosistemi de
dikkate alarak hastalik ve zararliyr engellemek ile birlikte

yukarida bahsedilen sakincalar: olabildigince azaltmaktir.

Asmalar dormant donemde iken baglayan ilaglamalar
ilaglarin etki siiresi ve hastaligin biyolojisine gore hasattan 15
glin oncesine kadar devam etmekte, bazen tek etkili madde
bazen birden fazla etkili madde igeren ilaglama programi
uygulanmaktadir. Ancak, pestisitlerin kullanimi insan saglig
ve gevreye olumsuz etkileri gibi birgok sorunu da beraberinde
getirmektedir. Yogun ve bilingsiz bir sekilde kullanilmalar:
sonucunda gidalarda, toprak, su ve havada pestisitin kendisi
ya da doniigim triinleri kalabilmektedir (Delen et al. 2015).
Bu nedenle kiilleme hastaligiyla kimyasal miicadelede dogru
ilaglama zamani ve araliklarinin belirlenmesi gerekmektedir.

Proje sonucunda yapilan degerlendirmelerde ayni istatistiki
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grupta yer alan Program B ve Program C hastalikla
miicadelede en etkili programlar olmustur. Erken donemde
ilaglamaya baglanilan ve 9 adet ilaglama sayisina sahip
Program C’nin kalint1 sorununa neden olacag 6ngoriildigii
ve bu durumun 6niine gegilebilmesi i¢in Program B hastalikla

miicadele yontemi olarak tavsiye edilmistir.

Sonugcta, Bag kiillemesi hastalig1 ile miicadelede en etkili
olan ilaglama programi belirlenmistir. Caligma, Tarimsal
Aragtirmalar ve Politikalar Genel Midirligi destegi ile
yuritilen tlkesel projenin bir bolimiinii olusturmaktadir.
2016 yiinda TAGEM tarafindan gergeklestirilen Zirai
Miicadele Teknik Talimati ve Standart ilac Deneme
Metodu toplantisinda Bag kiillemesi hastaliginin ilaclama
zamanlar1 agagida verildigi sekilde proje sonuglarina gore
degistirilmistir.

Bag kiillemesi hastalig ile miicadelede:

1. flaglama: Siirgiinlerin 25-30 cm uzunlugunda oldugu

donemde,

2. llaglama: Ciceklenme &ncesi, ¢igek tomurcuklarinin
ayrildig1 donemde,

3. laglama: Cigek tag yapraklarmin tamamen dékiildiigii ve

koruklarin kii¢iik sagma tanesi iriliginde oldugu dénemde,

4. ve diger ilaglamalar: Ugiincii ilaglamadan sonra
kullanilacak ilaglarin etki siireleri ve bolgelerin meteorolojik
oOzellikleri dikkate alinarak ben diisme donemine kadar
yapilmalidir.

Bag kiillemesi hastaliginin kimyasal miicadelesinin revize
edilmis son halinin, bitki koruma {iriinii satan ve iireten
firmalar, kooperatifler, treticiler ve sektor kullanicilar
ile paylagilmasi ve yayginlagtirilmasi amaciyla bu yayn
hazirlanmustir. Ayrica, Bag kiillemesi hastaligina kars: yeni
ruhsat alacak bitki koruma {irlinlerinin ruhsatlandirilma
agamalarinda revize edilen halinin dikkate alinmasi tavsiye
edilmektedir.

TESEKKUR

Bu ¢alisma Tarimsal Arastirmalar ve Politikalar Genel
[TAGEM-BS-15/08-04/02-01(1)

desteklenmis, Manisa Bagcilik Arastirma

Mudirligi  tarafindan
nolu proje]
Enstitiisit  Mudirliginin imkanlariyla  yiritilmistir.
Desteklerinden dolayr Tarimsal Arastirmalar ve Politikalar
Genel Miidiirliigiine ve Manisa Bagcilik Arastirma Enstitiisi

Miudirligi'ne tesekkiir ederiz. Bu aragtirmanin bir kismi,
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Uluslararasi Katilmli 6. Bitki Koruma Kongresinde (5-8
Eyliil 2016, Konya, Tiirkiye) poster olarak sunulmustur.

OZET

Caligmada, Bag kiillemesi hastalig1 ile kimyasal miicadelede
uygun zamanin ve daha etkili olacak bir ilaglama programinin
tespiti amaglanmigtir. Deneme Manisa Bagcilik Aragtirma
Enstitiisiiniin deneme baginda, Bag kiillemesi hastaligiyla
bulagik oldugu bilinen Sultani Cekirdeksiz tiziim ¢esidinde
2015 yilinda yiratilmistir. Program A (Zirai Miicadele
Teknik Talimati kimyasal miicadelesi), (Zirai Miicadele
Teknik Talimatinda birinci ve ikinci ilaglamalar arasina
bir ilaglamanin daha eklendigi) Program B ile Program C
(stirgtinler 10 cm iken baglayan erken donemdeki kimyasal
miicadele) olmak tizere farkli ilaglama zamanlarini iceren
iic program denenmistir. {laglama zamanlarinin hastalikla
miicadeledeki etkileri degerlendirilerek en etkili olan
ilaglama programi belirlenmistir. Biitin programlara gore
yapilan ilaglamalarda 100 g 1-1 kresoxim-methyl + 200 g 1-1
boscalid etkili madde igeren (Collis SC, BASF) fungisit, 30
ml-1 100 1 su dozunda kullanilmigtir. Sonucta, ilaglamalarin
yaprakta Program A %53.88, Program B %69.17, Program C
%73.79; salkimda Program A %65.22, Program B %87.50 ve
Program C %92.61 Bag kiillemesi hastaliinin miicadelesinde

etkili oldugu belirlenmistir.

Anahtar kelimeler: Manisa, asma, Vitis vinifera, bag

kiillemesi, Erysiphe necator, kimyasal miicadele
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Phylogenetic discrimination and pathogenicity of fungi causing
Botryosphaeria dieback disease on grapevine in Southern Turkey

Tirkiye’nin giineyinde asmada Botryosphaeria geriye 6lim hastaligina neden olan funguslarin
filogenetik ayrimi ve patojenisiteleri
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Received : 13.11.2019 and important diseases for vineyards in Turkey. Up to date, 24 species of this family
Accepted: 18.01.2020 have been reported to cause Botryosphaeria dieback disease all over the World. This

study aimed to discriminate Botryosphaeriaceae isolates (obtained from symptomatic
Keywords:

vines in Adana, Mersin, Kahramanmaras) phylogenetically and to determine their
Adana, Mersin, Kahramanmaras, pathogenicity. 22 Botryosphaeriaceae cultures were isolated by standard mycological
Botryosphaeriaceae, Trunk Disease, vineyard isolation procedures obtained from representive 18 vineyards. In molecular
identification of the isolates, ITS (Internal Transcribed Spacer) and TEF (Translation

Elongation Factor 1-a) gene regions were amplified by PCR and nucleotide sequences

* Corresponding author: Davut Soner were obtained from these regions. The gene sequences were compared with the

AvKGUL sequences available in the NCBI GenBank database using the BLASTn program. The

PR sakgul@eu.cdu.tr isolates were pre-identified according to likelihood rates. The combined phylogenetic
tree was generated after ITS and TEF sequences were aligned using MEGA?7 software.
Following BLASTn and phylogenetic analysis, 7 different Botryosphaeriaceae
fungi (Botryosphaeria dothidea, Diplodia seriata, Lasiodiplodia theobromae,
L. pseudoteobromae, Neofusicoccum parvum, N. vitifusiforme, Neoscytalidium
novaehollandiae) were identified. Pathogenicity tests were performed on one-year-
old grapevine plants under greenhouse conditions (for two months). According to
lesion occurrence, by measuring lesion lengths, the pathogenicity of these isolates was
confirmed. Variance analysis was performed for statistical separation of the isolates’
virulence. For the two-month incubation period, the most virulent species N. parvum
produced 38.0-45.3 mm lesions, whereas D. seriata with the lowest virulence caused
17.6-20.0 mm lesions on vine seedlings.

GIRIS

Asmalarda Botryosphaeria geriye 6liim hastalig1 tiim diinya ve Tirkiyedeki bag alanlarinda olduk¢a yaygmn goriilen
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bir hastaliktir. Dothideales takimi Botryosphaeriaceae
familyasina bagl birgok fungus tiirii gok sayida kiiltiir bitkisi,
orman agaglar1 ve ¢alilarda lokal kuruma ve 6liimlere neden
olmaktadir (Phillips et al. 2013, Smith et al. 1996). Diinyada
bagcilik yapilan alanlarda simdiye kadar 24 farkli tiirtin bu
hastaliga neden oldugu bildirilmis ve bu siftaki fungal
patojenlerin ciddi diizeyde ekonomik kayiplara yol agtigi
hesaplanmustir. Siebert (2001)’in bildirdigine gore, sadece
Kuzey Amerikadaki bag alanlarinda Botryosphaeriaceae
ve Eutypa tiirlerinin yol agtig1 kayiplar yillik yaklagik 260
milyon dolar civarindadir. Bu familya igerisinde bulunan
Diplodia,  Dothiorella,  Lasiodiplodia,
Neoscytalidium,

Botryosphaeria,

Neofusicoccum, Spencermartinsia  ve
Sphaeropsis gibi onemli cinslerden bazi tiirlerin eseyli-eseysiz
tireme formlari kesfedilmis olsa da, birgogunun eseyli iireme
donemleri heniiz aydinlatilamamigtir (Urbez-Torres et al.
2015). Morfolojik tanida koloni rengi, havai miselyumun
ortntiisii, pikniospor rengi, sekli ve bolmeleri, piknidyum
igerisindeki parafizlerin bolmeli ya da blmesiz olusu, dikkate
alian o6nemli kriterlerdir. Ancak bu cinsler igerisindeki
birgok tiiriin, yapay besi yeri iizerinde sporlanmasi veya
piknidyum olusturmas: oldukga zor ve zaman alic1 olup,
Morfolojik

ozelliklerin ortaya ¢ikmast igin 6zel kosullarda (UV 15181na

klasik tani ¢aligmalarini  giiglestirmektedir.

yakin aydinlatma ve degisken sicaklik uygulamasi) yapilan
5-6 haftalik inkiibasyon veya dogal substratlara inokulasyon
gereklidir. Bunun yaninda klasik yéntemlerle, morfolojik
olarak birbirine benzeyen tiirlerin dogru bir sekilde tanisi,
ozellikle kriptik tiirlerin (6r: Lasiodiplodia theobromae)
altinda yer alan tirlerin tamist olduk¢a karmagiktir
(Slippers et al. 2013). Son yillarda bu funguslarin molekiiler
yontemlerle tanilanmasinda 6nemli mesafe kat edilmistir. Bu
yontemlerle, genomik DNA iizerindeki farkli gen bolgeleri
PCR ile ¢ogaltilmakta, elde edilen niikleotid dizilimleri ile
filogenetik analizler yapilmakta ve karmagik tiirlerin tanist
miimkiin hale gelmektedir. Gramaje et al. (2019) asmadaki
Botryosphaeriaceae tiirlerinin ayrimmda ITS, TUB2
(Tubulin 2), TEF1, ACT1 (Actin 1), RPB2 (RNA Polimeraz
II) ve CAL (Calmodulin) genlerinin kullanilabilecegini
belirtseler de TEF1 gen diziliminin ayr1 bir nemi oldugunu
vurgulamiglardir. Yine bir¢ok arastirmada ITS, TUB2 ve
TEF1 gen dizilerinin birlestirilmesiyle bir bélgedeki tiirlerin
ayrimi rahathkla yapilabilmistir (Carlucci et al. 2015,
Mohammadi et al. 2013). Botryosphaeriaceae familyasi
tyelerinin dogru bir sekilde tanilanmasi, bu tiirlerin yol
actig1 hastaliklarla miicadelede 6nem kazanmaktadir. Ciinkii
fungus tiirlerinin bazi fiziksel miicadele metotlar1 (6r: sicak
su uygulamalar1) veya bazi fungisitlere kars1 duyarliliklar:
birbirinden farklidir. Ornegin fluazinam Botryosphaeria
dothidea, Diplodia seriata, Lasiodiplodia theobroamae ve
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Neofusicoccum parvum’a in vitro kosullarda oldukga etkili
iken, pyrimethanil ve boscalid etkisiz bulunmustur (Pitt et
al. 2012). Yine in vitro kosullarda ytiriitilen bir ¢alismada
D. seriatamin sicak su uygulamalarina en duyarli tir
oldugu saptanirken, B. dothidea ise en dayanikli tiir oldugu
belirlenmigtir. D. seriata’nin termal 6liim noktasi 49 °C'de-30
dk olurken, B. dothidea ancak 54 °C-45 dk.da canlihgi
yitirmistir (Akgiil et al. 2016).

Ulkemizdeki bag alanlarinda vyiiriitiilen bazi ¢aligmalarda
farkli tiirlerin varligi bildirilmistir. Ozben (2011) Ankara
ili bag alanlarinda Botryosphaeria obtusa ve Botryosphaeria
rhodina tirlerinin varhigina isaret etmis ancak bu tiirlerin
varligi molekiiler ve filogenetik agidan dogrulanmamistir.
Akgiil etal. (2015) Ege Bolgesi Sultani Cekirdeksiz baglarinda
B. dothidea, D. seriata, L. theobromae ve N. parvum tiirlerinin
varligini saptamis ve Manisanin bazi ilgelerinde hastalik
gikisinin %15’lere ulastigini bildirmiglerdir. Buna benzer
baska bir aragtirmada Manisa ve Gaziantep illerinden
alman farkli asma Orneklerinde Lasiodiplodia exigua ve
Neoscytalidium novaehollandiae tiirlerinin varligy ilk kez
rapor edilmis ve bu patojenlerin oldukga viriilent olduklar:
saptanmigtir. S6z konusu patojenlerin tanisi ancak filogenetik
analizlerle miimkiin olabilmigtir (Akgtl et al. 2019).
Malatyanin Arapgir ilgesinde yapilan benzer bir ¢alismada
Neoscytalidium dimidiatum tiiriintin varligi ilk kez saptanmus,
bu tiiriin N. novaehollandiaedan ayrimi i¢in ITS, TUB2, LSU
ve EF1-a gen bolgelerine ait niikleotid dizilerini kullanarak
filogenetik analiz yonteminden yararlanilmigtir (Oksal et al.
2019). Tarsus Bolgesi, Ege ve Glineydogu Anadoludan sonra
tilkemizdeki en biyiik tgiincii bag bolgesidir (Cebeci and
Akin 2014). Bu bolgede bazi Botryosphaeriaceae tiirlerini
saptamak i¢in bazi 6n ¢alismalar yiriitiilse de detayli bir
aragtirma heniiz yayinlanmamis, filogenetik analizlerin
bulundugu ayrintili bir ¢alismaya gerek duyulmugtur. Bu
nedenle bu ¢alismada Tiirkiye'nin giineyindeki bazi illerden
elde edilen Botryosphaeriaceae izolatlarinin molekiiler ve
filogenetik agidan degerlendirilmesi ve tiir gesitliliginin
ortaya koyulmasi amaglanmigtir.

MATERYAL VE METOT
Laboratuvar ¢alismalart ve patojenlerin izolasyonu

Adana, Mersin ve Kahramanmaras ili bag alanlarindan,
2015-2018 yillar1 arasinda, lokal kuruma ve geriye 6lim
sikayetleriyle laboratuvarimiza ornekler kabul edilmis ve
ureticiler tarafindan bu belirtilere neden olan etmenlerin
Iki yillik dallar
govdelerinde yapilan 6n incelemelerde, odun dokuda

bulunmas: istenmistir. veya omca
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kama benzeri ya da daha genis alana yayilmis kahverengi
nekrozlar goriilmiistiir. Doku 6rneklerinin kabuliiyle birlikte
yetistirilen asmanin ¢esidi ve bagin bulundugu bolgeyle ilgili
bilgiler not edilmistir (Cizelge 1). Odunsu dokular ¢esme
suyu ile yikanarak kurutulmus, tizerine %96’lik etil-alkol
puskirtilmiis ve dig kisim kisa siire alevlenerek sterilize
edilmigtir. Steril budama makasi ile nekrotik alanlardan 4-5
mm’lik odunsu dokular kesildikten sonra bunlar antibiyotikli
(streptomycin-siilfat, 150 mg1') PDA besi yerine ekilmis
ve karanlikta, 24 °C sicaklikta 4-5 giin inkiibe edilmigtir.

Dokular etrafinda gelisen kolonilerin hif ucundan kiigiik

parcalar almip saflagtirilmis ve steril %30’luk gliserol
igerisinde +4 °C sicaklikta saklanmiglardir.

Molekiiler tani ¢alismalar: ve filogenetik analizler

Saf olarak elde edilen ve koloni goriintiisii Botryosphaeriaceae
tirleri ile aymi izolatlarin miselyumlarindan DNA
ekstraksiyonu yapilmistir. Agar ylizeyinden steril bisturi
ile alinan hifler plastik ezme posetlerine koyularak el
homojenizatorii (Bioreba®) ile ezilmis ve %2’lik CTAB (Cetyl
Trimethyl Ammonium Bromide: Sigma) Buffer (10 ml, 1 M

Cizelge 1. Lokal kuruma ve geriye 6liim belirtisi gdsteren asma 6rneklerinin bulundugu yerler ve asma gesitleri

Ornek  Izolat

No Kodu il flge-Koy Asma Anag ve Cesidi
1 TrTSC1 Mersin Tarsus-Tag¢ili 1103P-Yalova Incisi
2 CyHMD1 Adana Ceyhan-Hamidiye 5BB-Italia
3 CyDKT1 Adana Ceyhan-Dokuztekne 1103P-Early Cardinal
4 Gantl G.Antep Gaziantep-Merkez 1613C-Horoz Karas1
5 KmPZR1 K.Maras Pazarcik-Merkez Kabarcik (Asisiz)
6 TrCIN1 Mersin Tarsus-Cinkdy 1103P-Victoria
7 TrCIN2 Mersin Tarsus-Cinkéy Tarsus Beyazi (Asisiz)
8 MrYNP1 Mersin Mersin-Yanpar 1103P-Prima
9 TrKLL1 Mersin Tarsus-Yanpar 5BB-Early Sweet
10 TrKLL2 Mersin Tarsus-Killik 5BB-Victoria
11 MrESN1 Mersin Mersin-Esenli 1103P-Red Globe
12 Isl1 G.Antep Islahiye-Merkez 5BB-Hatun Parmag:
13 Isl2 G.Antep Islahiye-Serikanl Horoz Karasi (Agisiz)
14 CUZFT58 Mersin Tarsus-Sariveli SO4-Prima
15 TrSUC1 Mersin Tarsus-Sucular 110R-Early Cardinal
16 TrULS1 Mersin Tarsus-Ulag Tarsus Beyazi (Agis1z)
17 TrTKB1 Mersin Tarsus-Takbas 1103P-Black Magic
18 TrSRI1 Mersin Tarsus-Sariibrahimli 5BB-Cardinal
19 TrSRI2 Mersin Tarsus-Sariibrahimli 5BB-Victoria
20 TrIBR1 Mersin Tarsus-1brisim 1613C-Victoria
21 TrCKR1 Mersin Tarsus-Cakirlt 1103P-Yalova Incisi
22 CUZFNovol G.Antep G.Antep -Merkez 140Rug-Hatun Parmag
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Cizelge 2. Cogaltilan gen bolgeleri, primer ciftleri ve PCR kosullar:

Gen Bolgesi Primer Ciftleri PCR Kogullar1
1TS 4
ITS TCCTCCGCTTA flk denatiirasyon 95 °C: 3 dk., 35 dongii
(White et al. TTGATATGC (95°C: 1 dk., 52°C: 1 dk., 72 °C: 1 dk.) ve
1990) ITS 5 son dongii (72 °C: 7 dk.)
GGAAGTAAAAGT
CGTAACAAGG
1TS 4
rRNA TCCTCCGCTTA flk denatiirasyon 95 °C: 3 dk., 35 dongii
18S, 5.8S ve 288 TTGATATGC (95°C: 1 dk., 53°C: 1 dk., 72 °C: 1 dk.) ve
(de Hoog and Gerrits VG son dongii (72 °C: 7 dk.)
van den Ende 1998) TTACGTCCCTGCC
CTTTGTA
EF1-728F
TEF1-a CATCGAGAAG flk denatiirasyon 95 °C: 3 dk., 35 dongii
(Carbone and Cohn TTCGAGAAGG (95°C: 1 dk., 54 °C: 1 dk., 72 °C: 1 dk.) ve
1999) EF1-986R son dongii (72 °C: 7 dk.)
TACTTGAAGAA
CCCTTACC
EF1-688F
TEF1-a CGGTCACTTGA flk denatiirasyon 95 °C: 3 dk., 35 dongii
(Alves et al. TCTACAAGTGC (95 °C: 1 dk., 58 °C: 1 dk., 72 °C: 1 dk.) ve
2008) EF1-1251R son dongii (72 °C: 7 dk.)
CCTCGAACTCAC
CAGTACCG

Tris-HCI; 28 ml, 5 M NaCl; 4 ml, 0.5 M EDTA) kullanilarak
Nejat et al. (2009)’ 1n o6nerdigi yonteme goére DNA elde
Genomik DNA iizerindeki ITS (Internal
Transcribed Spacer) ve TEFl-a (Translation Elongation

edilmistir.

Factor 1-alpha) gen boélgeleri Cizelge 2'de gosterilen iiniversal
primer ciftleri ve PCR kosullarina gore ¢ogaltilmiglardir.
Ancak N. novaehollandiaenin genomik DNASs1 ITS4-5 ve
ITS4-VIG ile Lasiodiplodia pseudotheobromaenin ise ITS4-
5 ve EF688F-EF1251R primer ciftleriyle ¢ogaltilmislardir
(Cizelge 2). PCR tiriinleri %1.5lik agaroz jelde 2.5 saat
yriitilmis (55V DC, 250 mA) ve elde edilen bant kalitesine
gore niikleotid dizilemesine gonderilmistir (MedSanTek,
Istanbul). Dizileme sonucu elde edilen elektronik dosyalar
Chromas Lite (Technelsiyum®) programi ile ekstrakte
edilmis ve niikleotid dizileri NCBI (National Center for
Biotechnology Information) Gen Bankasindaki dizilerle,
BLASTn® (Basic Local Alignment Search Tool) programi
aracihigiyla karsilastirilarak tiirlerin tanis1 en az %99luk
benzerlik oraniyla Birbiri ile

dogrulanmustir. yakin
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diizeyde benzerlik gosteren tiirlerin tanisinda, iki farkli gen
bolgesinden elde edilen niikleotid dizilimleri birlestirilerek
kombine soy agaci ¢izilmistir. Bu islemde izolatlarn ITS
niikleotidleri bir metin dosyasinda, EF1-a niikleotid dizileri
ise ayr1 bir metin dosyasinda FASTA formatinda art arda
siralanmigtir. BLASTn ile hangi tiir oldugu tahmin edilen
ve ona en yakin tiriin referans niikleotid dizileri, gen
bankas: kiitiiphanesinden kopyalanmis ve metin dosyasinin
sonuna eklemistir. Son olarak bu familyadan filogenetik
olarak uzak bagka bir tiiriin de niikleotid dizilimleri (root)
kargilagtirma amaciyla alinmigti. MEGA 7 yazilimina
(Molecular Evolutionary Genetics Analysis, 7.0.26 version)
fungal izolatlarin ITS ve elongation factor niikleotid
dizileri eklenerek “Muscle” araciligiyla hizalanmigtir. Daha
sonra ITS dizilerinin sonuna, elongation factor niikleotid
dizileri eklenip her iki gene ait niikleotid dizileri yeniden
hizalanmustir. Bu dosya kaydedildikten sonra en iyi analiz
modeli bulunmus (find the best model sekmesi) ve ardindan

maksimum benzerlik analizine gore (maximum likelihood,
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bootstrap 1000) filogenetik aga¢ ¢izilmistir (Kumar et al.
2016). Botryosphaeriaceae izolatlarinin referans izolatlar
ile olan pozisyonlar1 dikkate alinarak tiirlerin tanist

dogrulanmigtir.
Patojenisite testleri

Molekiiler tanisi yapilan tiim Botryosphaeriacae izolatlarina
patojenisite testi yapilmistir. Bu testlerde Cardinal ¢esidinin
(Vitis vinifera cv. Cardinal) 1 yillik dormant kalemleri
kullanilmugtir. izolatlara ait koloniler 7-10 giin siire ile 24 °C
sicaklikta PDA besi yerinde biiyiitiilmiistiir. Uzerinde 3-4
g6z bulunan asma kalemlerinin bogum aralarina, elektrikli
matkap ile 2 mm ¢apinda, 3 mm derinliginde delikler
acilmis ve buraya steril igne ile miselyum pargaciklar
2013).

olarak birakilan kalemlere sadece steril agar pargaciklari

yerlestirilmistir ~(Baumgartner et al. Kontrol
koyulmugtur. Deliklerin etrafi parafilm ile sarildiktan sonra,
asma kalemleri torf ve perlit iceren (1:1 oraninda) posetlere
dikilmis ve sulanmistir. Kalemler 28 °C sicaklik ve %90 nispi
nem bulunan odalarda, 16 saat aydinlik / 8 saat karanlik
kosullarda koklendirilmis ve burada 2 ay biyttiilmislerdir.
Deneme tesadiif parselleri deneme desenine gore kurulmus,
1 izolat i¢in 8 asma kalemi kullanilmistir (4 tekerriir ve
her tekerriirde 2 kalem). Inkiibasyon sonunda bitkiler
bulunduklar1 posetlerden sokiilerek kok ve siirgiinleri
uzaklastirilmis, inokulasyon noktasi bigakla ortadan kesilerek
odun dokudaki lezyon uzunluklari cetvelle olgiilmiistiir.
Bu uzunluklara varyans analizi uygulanmus, ortalamalar
arasindaki farklar LSD (Least Significant Difference) testine
gore %5’lik hata ile degerlendirilmistir (Gomez and Gomez
1984).
noktalarindan yeniden izolasyon yapilmus, patojenin yeniden

Patojenisitenin  dogrulanmas: icin inokulasyon

elde edilip edilemedigi incelenmistir.

SONUCLAR
Izolasyon ve filogenetik analiz sonuglar:

Ug farkli ildeki baglardan alinmig &rneklerden yapilan
izolasyonlarda, 22 adet Botryosphaericaeae izolat1 elde
edilmistir. PCR ve DNA sekanslama ile elde edilen niikleotid
dizilerinin, NCBI gen bankasindaki dizilerle karsilastiriimas:
sonucu (BLASTn) 7 farkli tiir bulunmustur. Bunlar; B.
dothidea (1 adet), D. seriata (11 adet), L. pseudotheobromae
(1 adet), L. theobromae (1 adet), N. parvum (6 adet), N.
vitifusiforme (1 adet) ve N. novaehollandiae (1 adet) tiirleri
olup gen bankasinda kayith tirlerle %99-100 benzerlik
gostermislerdir. Izolatlarin %50%sini D. seriata, %27.4iinii N.

parvum olustururken, geriye kalan tiirlerin her biri %4.5’luk

67

orana sahip olmuslardir (Sekil 1). Universal primerlerle
(ITS ve TEF1-a) yapilan PCR ile agaroz jelde 600-800 bplik
bantlar elde edilmistir. Ancak bunlar tarleri birbirinden

ayiric nitelikte olmamustir.

Botryosphaeria dothidea [l %4.5

Diplodia seriata | ' -0
W %45

Lasiodiplodia pseudotheobromae

Lasiediplodia theobromae

W %45
I 2 4

Neofusicoccum parvum

Neofusicoccum vitifusiforme

W %45
W %45

Neoscytalidium novohollandiae

0 10 20 30 40 50 60

Sekil 1. Farkli baglardan izole edilen Botryosphaeriaecae

izolatlarinin ytizde dagilimi

Filogenetik analizde N. novaehollandiae  tiriindeki
elongation factor 1-a gen bolgesi, PCR reaksiyonlarinda
kullanilan {iniversal primerler ile (EF1-728F/EF1-986R ve
EF1-688F/EF1251R) ¢ogaltilamamus ve bu tiiriin filogenetik
Clinki

kombine agag olustururken tiim izolatlarin ayni gen bolgesi

ayrimi  diger tiirlerle birlikte yapilamamistir.
¢ogaltilmis olmali ve birlikte hizalanmalidirlar. Geriye kalan
21 izolatin filogenetik analizinde 6 farkli grup olusmustur.
Kokten baglayan ortak uzanti 2 biiyiik gruba ayrilmis olup
(%85’lik bootstrap degeriyle) birinci grupta Neofusicoccum
ve Botryosphaeria cinsine ait tiirler, ikinci grupta Diplodia ve
Lasiodiplodia tiirleri yer almistir. Birinci gruptaki N. parvum
izolatlar1 %77’lik bootstrap degeriyle N. vitifusiformeden
ayrilmig ve bu iki ayr1 tiir sirastyla KP7216664 ve MH102264
gen bank kayit numarasina sahip dogrulanmis (ve
yaymlanmis) izolatlarla alt gruplar olusturmustur (Sekil
2). Ikinci gruptaki D. seriata ve Lasiodiplodia tiirlerinin
sirasiyla %96 ve %87lik bootstrap degerleriyle farkl: alt
gruplara ait olduklar1 gériilmiis ve bu izolatlar da referans
izolatlarla ayn1 grupta yer almistir. Ancak L. theobromae
ile L. pseudotheobromae arasindaki bootstrap degeri %54
olarak bulunsa da referans izolatlar baz alinarak bunlarin
farkli tiirler oldugu belirlenmistir. Neoscytalidium tiirlerinin
genetik baglari ise birbirine olduk¢a yakin bulunmugtur.
ITS4-ITS5 primerleri ve ITS4-V9G primerlerinin ¢ogalttig
alanin niikleotid dizileriyle yapilan kombine soy agacinda,
N. dimidiatum ve N. hyalinum tiirlerinin bootstrap degerleri
%70’in altinda kalmistir. Ancak N. novaehollandiae tiirti
%73’liik bootstrap degeriyle diger iki tiirden farkli bir yerde
gruplanmigtir. Ozellikle CUZFnovoDSA1 izolatinin, gen
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TrIBR1 M. vitifusiforme
TrULS1 N. parvum
TrSUCL N. parvum
TrTEB1 M. parvum
TrSRIL1 M. parvum
151 M. parvum

TrTSC1 B. dothidea

TrCINL D seriata
TrZIN2 D. senata
CyDET1 D. sariata
Gantl O. seriata
%5 | KmPZR1 D. seriata
MrESNL D. seriata
TrELL2 D. sanats
Trlll O. senata
MrYNPL D, seriata
TrSRI2 D. seriata
TrCKR1 D. senata
CyHMD1 D. senata

- 1512 L. theobromae

—
0,08

MH102264.1 Neofusicoccum witifusiforme BRIPE4010 ]ﬂ',
vitifusiforme

KP721664.1 Neafusicoccum parvum MBAISLAG B

on | KP721650.1 Botryoaphasria dothidea MBAIZSAG
KP721656.1 Diplodia seriata MBAI145AG

an VEKP721660.1 Lasicdiplodia theobromas MBAIZEAG
HQ725730.1 Phytophthara capsic

CUZFTS8 L. peeudotheabromas j.t.pur.en&:ﬂ':mﬂrmue
EF522058 L. pseudothecbromaes CBS116460 7] L psewdotheobromae "
asiodiplodia

JI. theabromae

Sekil 2. ITS ve EF1-a gen bolgelerinin kombinasyonuyla elde edilen ve maksimum benzerlik modeline gore (Maximum

Likelihood, Bootstrap tekrar1:500) bazi Botryosphaeriaceae tiirlerinin filogenetik iliskileri

bankasindaki referans izolatla (KF766207 kodlu, CBS 122071
izolat1) oldukga yakin diizeyde benzerlik gosterdigi (%73)
gortilmistiir (Sekil 3). Bu analize gore CUZFnovoDSA1
izolatinin N. novaehollandiae tiirii oldugu anlagilmistir.

Patojenisite testi sonuglar

Denemeye almman 22 ayr1 Botryosphaeriaceae izolati
asma kalemlerinin odun dokularinda farkli uzunluklarda
kahverengi ¢izgiler olusturmuslardir (Sekil 4). Sadece steril
agar inokule edilen kontrolde, oksitlenmeyle iliskili ortalama
4.5 mmlik ¢izgiler meydana gelirken, patojenlerin inokule

CUZFnovoDSAI

KF766207 Neoscytalidium novaehollandiae strain CBS 122071
GU172392 Neoscytalidium novaehollandiae strain WAC13296
KU705507 Neoscytalidium novaehollandiae isolate m4
MF055692 Neoscytalidium novaehollandiae strain FF9
MF682357.1 Neoscytalidium novaehollandiae isolate Natve
KY788097.1 Neoscytalidium novaehollandiae strain GRSH80
KR867697.1 Neoscytalidium hyalinum strain IRNHM-KB79
KF000372.1 Neoscytalidium dimidiatum

HQ439174.1 Neoscytalidium dimidiatum isolate Nd3
KC357301.1 Neoscytalidium dimidiatum strain 7E61
F)648577.1 Neoscytalidium dimidiatum strain CIH
GU251106.1 Neoscytalidium dimidiatum strain PD103
GQ330902.1 Neoscytalidium dimidiatum strain DISTEF-ND1
KR072526.1 Neoscytalidium hyalinum strain HUPEO090154840
JQ927342.1 Neoscytalidium hyalinum strain CMM3616

KF234542.1 Neoscytalidium hyalinum strain CMM3607

KF234550.1 Neoscytalidium hyalinum strain CMM3649

KT211563.1 Neoscytalidium hyalinum isolate CBPPR1015
KF234551.1 Neoscytalidium hyalinum strain CMM3566

AY726623.1 capsici

0.050

Sekil 3. ITS gen bélgelerinin kombinasyonuyla elde edilen ve maksimum benzerlik modeline goére (Maximum Likelihood,

Bootstrap tekrari:1000) bazi Neoscytalidium tiirlerinin filogenetik iliskileri
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edildigi asma bitkilerinde bu uzunluk 19.4 - 44.6 mm
arasinda degisim gostermis ve bunlarin patojen olduklar:
ispatlanmistir. Ancak tirler ve bunlarin izolatlarinin
meydana getirdigi uzunluklar arasinda onemli farklar
gorulmigtiir. Sekiz haftalik inkiibasyonla 42.1 - 44.6 mm
arasinda belirti olusturan en viriilent tiirlerin Neofusicoccum
tirleri (N. parvum ve N. vitifusiforme) oldugu bulunmustur.
Buna karsin D. seriata izolatlarinin olusturdugu kahverengi
gizgilerin uzunlugu, N. parvum tirlerinin olusturduklarinin
yarisindan daha kisa (194 - 232 mm) olduklar
kaydedilmistir. D. seriatanin iki izolatt (MrYNP1 ve
TrKLL1) diger izolatlara gore kiigiik istatistiksel farkla daha
virtilent bulunmustur. L. theobromae ve N. novahollandiae
tiirlerinin lezyonlar1 istatistiksel olarak ayni grupta yer

Sekil 4. Patojenisite testinde inokulasyon noktasindaki i¢

dokularda olusan lezyonlar

TrULST (N parvum,) e &4 3] 4
TrSREZ [N, parvurm) R &4 G 3
TrSUCT (N, panvum] . <<} 2+ Be
TrTKBL{N. parvum) I —— 4401 O
TrSRID (N, porvum] I S S50 de

=N, parvum] N <2 S+ fe

TriBR1 (N wofusforme] I 7 14} Se

[s2 (L. theobromas] I S5 40, 5d
CUZFT58 (L. pseudotheobromae] I, =5 2+, 6d
CUZRNovaDSAL [Ne. novacholandios] I, =7 9=1.3d
TrT5C1 (B. dothidea] I =, 540.3c
MriNPL (D sergta) I, 3 2+ Thc
TrElL1 (D senata) I 7> 9+ 2 he
CyHMD1 (D, serigta) I 2. 1+1.0b
TrCkR1 (D serigta) I 2 1.550.6b
TrCNZ (D, seriata) I 21311 1b
MrESND (D zerigta) I 7 S+0.7h
KmPZR1 (D sengta] I 7). 7+]1 4b
Gantl (D senata) I 70 440 4b
TrCiND (D, serigtal  mE————— 19 510.7h
CyKT (D serigta) I 19.531.0b
TrElL2(D senata) IEEEEEEEEE— 10 251 2D
N 2 5+0.83

=]

KNT [Kontrol}

0 10 20 30 27 50
Lezyon Uzunlugu {mm)
Varyasyon Kaynaklan sSD KT KO F P%5 P%1
Genel /M 6712 257
Karakter 22 6691209 3041458 9970573 1,63 1,96
Hata 69 210453 0305043

S¥=0.248 t(n)=1.972, +2=1.414 ve LSD0=0.638
S0 Serbestlik Derecesi, KT: Kareler Toplami, KO: Kareler Ortalamasi

Sekil 5. Botryosphaeriaceae tiirlerinin Cardinal ¢esidi asma kalemlerinde, 2 ayda olusturduklari lezyon uzunluklar: (mm)

ve varyans analiz tablosu
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almis, N. novohollandiaenin da en az Lasiodiplodia turleri
kadar saldirgan oldugu gortulmistiir ($ekil 5). Asmalara
inokule edilen tiim izolatlar %67.3 ile %79.5 arasinda degisen

oranlarda yeniden izole edilmiglerdir.

TARTISMA VE KANI

Loculoascomycetes sinifl icerisinde  yer alan
Botryosphaeriaceae familyasi, bugiinkii taksonomik bilgilere
gore 17 cins ve 110 tiiriin bulundugu biiyiik bir familyadir
(Phillips et al. 2013). Daha 6nceki ¢aligmalardan Denman et
al. (2000)1n bildirdigine gore, Botryosphaeriaceae tiirlerinin
klasik taksonomisinde iki 6nemli 6l¢iit mevcut olup bunlar,
seffaf ince duvarli veya koyu renkli kalin duvarli pikniospor
olugturma olgiitleridir. Smith and Stanosz (2001), Fusicoccum
anamorflarinin geffaf ve ince duvarli, Diplodia ile yakin
akraba tiirlerin ise koyu renkli-kalin duvarli pikniospor
olusturduklarini belirtmistir. Caliymadan elde ettigimiz
Neofusicoccum tiirleri ve B. dothidea, Fusicoccum anamorflari
olup, Lasiodiplodia tiirleri ise Diplodia grubu ile iliskili
tirler igerisinde bulunmaktadir. Bu olay filogenetik analizle
de dogrulanmuis, ilk agamada iki farkli dala ayrilan tiirler
halinde gruplagmuslardir ($ekil 2). DNA dizileme teknolojisi
ve filogenetik analizlerin gelismesiyle birlikte farkli tiirler
bulunsa da bu iki O6zellik mikroskobik tanida olduke¢a
6nemlidir. Phillips et al. (2013), bu familyadaki bir¢ok tiirii
dahil ederek detayli bir filogenetik analiz yapmuglar, 17
farkli cinsi gruplandirmislardir. Bu ¢alismaya gore seffaf
ve ince duvarli pikniospor olusturan N. parvum’un, koyu
renkli ve kalin duvarli spor olusturan Spencermartinsia ve
Dothiorella tiirlerine yakin bir dalda gruplandigi goriilmiis
ve boylesine genis bir takima ait tiirlerin dogru bir sekilde
tanus1 i¢in filogenetik analizlerin 6nemi vurgulanmistir. Bu
gibi 6rneklerde, sadece pikniospor morfolojisine gore kesin
tan1 yapilamayacag1 ve bunun mutlaka filogenetik analizlerle

desteklenmesi gerektigi agiktir.

Botryosphaeriaceae tiirleriyle c¢alisirken dikkat edilmesi
gereken bir diger husus, patojenisite testinin gerektigi sekilde
uygulanmasidir. Dogada gergeklesen infeksiyonlarda, odun
veya kabuk dokularda meydana gelen piknidyumlar ve
bunlardan ¢evreye yayilan pikniosporlarin kabuk dokuyu
infekte etmeleri mimkindir (Amponsah et al. 2012).
Ancak bu tarzda yapilacak inokulasyonlarla patojenisitenin
degerlendirilmesi uzun zaman alacaktir. Bu nedenle
inokulumun i¢ dokulara kadar ulagtirilmasi, dokulardaki renk
degisimleri i¢in patojen tiirlerine yeterince zaman verilmesi
ve belirtilerin tam olarak ortaya ¢iktiktan sonra patojenisite
testinin sonlandirilmasi gerekir. Ciinkii farkli tiirlerin (ve

hatta bunlara ait izolatlarin) saldirganliklar1 birbirinden
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farkli olacaktir. Auger et al. (2004) Silide izole etmis oldugu
D. seriata izolatlarinin patojenisitesini dogrulamak igin
yuriittigi bir ¢aliymada, Red Globe ¢esidi tiziime yapilan
inokulasyonu 20 hafta sonra degerlendirmisler ve dogadaki
asmalar tizerinde yiritilecek ¢alismalar igin uzun bir
bekleme siiresi oldugunu ifade etmiglerdir. Buna karsin
Urbez-Torres et al. (2008) ise Meksikadan izole edilen L.
theobromaeve D. seriataizolatlarinin 1 yagindaki Chardonnay
ve Thompson Seedless asmalarina inokule edilmesiyle, 8
haftalik bekleme siiresi sonunda (klima odas kogullarinda)
bitkilerin tamamen 6ldiiglinti gostermislerdir. Bu arastirma,
calismamizda yriitillen patojenisite testi i¢in beklenen
stirenin yeterli oldugunu desteklemektedir. Ayrica Urbez-
Torres et al. (2008)’in bu ¢alismasinda, L. theobromae, D.
seriata’ya gore daha viriilent bulunmus ve asma fidanlarinin
odun dokularinda daha koyu renkte ¢izgilerin olusmasina
neden olmustur. Avustralyada yiriitillen baz aragtirmalarda
Neofusicoccum australe, N. luteum ve L. theobromaenin,
patojenisite testine alinan bir¢ok Botryosphaeriaceae
tirlerinden daha viriilent olduklar1 bildirilmistir (Savocchia
etal. 2007, Taylor et al. 2005). Tiirler ve hatta izolatlar arasinda
gortlen viriilenslik farklarinin, iretilen toksin profiliyle
iligkili oldugunu one siiriilmektedir. Evidente et al. (2010)
N. parvum’dan izole ettikleri ¢esitli toksinleri [(3R,4R)-(-)-4-
hydroxymellein, (3R,4S)-(-)-4-hydroxymellein, iso-sclerone
ve tyrosol] domates bitkisi iizerinde test etmislerdir. Bu
toksinlerden ozellikle (3R,4S)-(-)-4-hydroxymellein ve iso-
sclerone en siddetli solgunluk belirtisini meydana getirmis
ve bu toksinlerin asma 6liimleriyle de baglantili olduklar:
bulunmustur. Buna karsin Djoukeng et al. (2009), D.
seriatadan dort farkli fitotoksin (mellein, 4-hydroxymellein,
7-hydroxymellein ve 4,7-dihydroxymellein) elde etmis
ve bu toksinlerin N. parvumdan elde edilen toksinlerden
bir ol¢tide farkli oldugunu bulmuglardir. Calismamizda
D. seriata ve diger Botryosphaeriaceae izolatlarinin, 1
yasindaki asmalarda daha kisa lezyonlar meydana getirmesi
bununla iligkili olabilir. Bu ¢alismadan elde edilen bulgular
D. seriata tiiriiniin Adana, Mersin ve gevresinde yaygin bir
patojen oldugunu ortaya ¢ikarmustir. Bu tiiriin virtilensligi
digerlerine gore zayif olsa da, hastaligin ortaya ¢ikmasini
engellemek veya geciktirmek i¢in asmalarin ideal bir bigimde
beslenmesi, stresi azaltacak bakim ve kiltiirel islemlerin
takibi ve asili fidan tretiminde, ag1 isleminden hemen 6nce

yapilacak bazi uygulamalar, hastalik olusumunu azaltacaktir.

TESEKKUR

Bu ¢aligmanin yapilmasma olanak saglayan Cukurova
Fakiiltesi Bitki

Bagkanligrna tesekkiir ederiz. Caligmanin sonuglar1 daha
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once 1. Uluslararas1 Molekiiler Bitki Koruma Kongresinde
(10-13 Nisan 2019, Adana) 6zet olarak sunulmugtur.

OZET

Tiirkiyedeki baglarda Botryosphaeriaceae funguslariyla
iligkili asma govde hastaliklar1 olduk¢a yaygin ve onemli
hastaliklardandur. kadar

bu familyadan 24 tiirtin Botryosphaeria geriye olim

Diinya genelinde simdiye
hastaligina neden oldugu rapor edilmistir. Bu ¢aligmanin
2015-2018  yillar Adana,

Kahramanmaras ve Gaziantep illerindeki simptomatik

amaci, arasinda Mersin,
asmalarda Botryosphaeriaceae izolatlarini filogenetik olarak
ayirt etmek ve izolatlarin patojenisitelerini belirlemektir.
18 baga ait simptomatik asma Orneklerinden standart
mikolojik izolasyon prosediirleri ile 22 Botryosphaeriaceae
kiiltiirii izole edilmistir. Izolatlarin molekiiler tanisinda
ITS (Internal Transcribed Spacer) ve TEF (Translation
Elongation Factor 1-a) gen bolgeleri PCR ile ¢ogaltilmis ve
bu gen bolgelerindeki niikleotid dizileri elde edilmistir. Gen
dizileri BLASTn programi kullanarak NCBI Gen Bankasrnda
bulunan dizilerle kargilagtirilmis ve benzerlik oranlarina
gore 6n tan1 yapilmistir MEGA 7 yazilimi kullanarak ITS
ve TEF dizileri hizalanmis ve kombine bir filogenetik agag
¢izilmistir. BLASTn ve filogenetik analizlerden sonra 7 farkli
Botryosphaeriaceae tiirii (Botryosphaeria dothidea, Diplodia
seriata, Lasiodiplodia theobromae, L. pseudoteobromae,
Neofusicoccum parvum, N. vitifusiforme, Neoscytalidium
novaehollandiae) tanilanmis ve bunlarin patojenisiteleri sera
kosullarinda, 2 ay siireyle, 1 yasindaki asma fidanlar1 (Vitis
vinifera L. Cardinal) tizerinde yuritilmistir. Lezyonlarin
olusumuna gore, lezyon uzunluklarini 6lgerek, bu izolatlarin
patojenisiteleri dogrulanmig ve viriilenslik seviyelerinin
istatistiksel ayrimi i¢in varyans analizi uygulanmistir. Asma
fidanlar tizerinde 2 aylik siirede, en viriilent tiir N. parvum
38.0-45.3 mmlik lezyonlar olustururken, viriilensligi en
diigiik bulunan D. seriata ise 17.6-20.0 mmlik lezyonlar
meydana getirmistir.

Mersin,
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Tomato fruit borer (Helicoverpa armigera Hiibner) is a polyphagous pest that negatively
affects yield and quality in tomato cultivation, and its importance has increased between
the harmful species with the increase in population density in recent years. In this study,
population monitoring of tomato fruit borer was carried out in the Central, Cinar, Ergani,
and Bismil districts of Diyarbakir province in 2013 and 2014. The plants were randomly
selected to represent the field at each location, starting from the seedling period to harvest
until the adult and immature stages of pests were followed weekly. The highest infestation
rates of immature stages were determined at Central and Ergani districts in September and
October as 80%, while the highest numbers of adults were caught in Bismil district in August
as 237 individuals/trap. Apanteles sp., Habrobracon sp., Campoletis sp., and Hyposoter
sp. were found as larvae parasitoids of H. armigera. The parasitization rate of larvae was
determined as 2.04% in the first year, while it was found as 1.53% in the second year.
Species such as Deraeocoris pallens (Reuter, 1904), Macrolophus pygmaeus (Rambur, 1839),
Geocoris pallidipennis (A. Costa, 1843), G. megacephalus (Rossi, 1790), Nabis pseudoferus
(Remane, 1949), Orius niger (Wolff, 1811), O. albidipennis (Reuter), Chrysoperla carnea
(Stephens, 1836), Adonia variegata (Goeze, 1777), Coccinella septempunctata (Linnaeus,
1758) and Scymnus levaillanti (Mulsant, 1850) were determined as predators of the pest.
According to the findings of this study, infestation and population density of H. armigera
may be affected due to chemical applications and natural enemies as well as climatic
conditions in Diyarbakir province.

GIRIS

Domates agik ve ortii alti alanlarda olmak iizere yilin
tamaminda ekonomik olarak yetistirilebilen, kisa vejetasyon

stiresinde yiiksek verimliligiile her yil artan tiretim ve titketim
miktaryla ticari 6neme sahip bir bitkidir. Diinyada 2016 yili
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domates tiretim verilerine gore; iilkemiz Cin, Hindistan ve
ABDden sonra 12 milyon 600 bin tonluk iiretim miktar ile
dordiincti sirada yer almaktadir (Anonymous, 2018).

Tarimsal driinlerin yetistiriciliginde, ekonomik kayiplara
neden olan pek ¢ok bitki koruma sorunu bulunmakla
birlikte tilkemizde domates yetistiriciligini olumsuz yonde
etkileyebilecek 77 zararli tiir saptanmistir (Uygun et al.
1998). Soz konusu zararl tiirler icerisinde Helicoverpa
(Hiibner) Noctuidae),

zaman popiilasyon yogunlugunda artislar olmasi, polifag

armigera (Lepidoptera: zaman
ve {ireme giicliniin yitksek olusu nedeniyle 6nemli zararli
tirler arasinda yer almaktadir (Anonim 1980, Anonim
1993). Diinyanin pek ¢ok yerinde zararli olan yesilkurt
(H. armigera), iilkemizde ilk defa 1913 yilinda Bergamada
tespit edilmistir (Alkan 1948). Bununla birlikte zararl
Cukurova Bolgesinde 1954 yilinda goriilmiis ve zararlinin
popiilasyonunun artig gostermesi sonucunda 1974 yilinda
“Pamuk Zararlilar1 ile Entegre Savasim” projesi kapsamina
dahil edilmigtir (Yabas 1979).

Yesilkurt'un larva doneminde zararli oldugu, 1. ve 2. donem
larvalarinin  konuk¢u bitkinin yapraklar1 ile beslendigi,
3. donemden itibaren ise generatif organlara gectigi
bildirilmistir (Ongéren et al. 1977, Tung 1988). Erginler
gliniin karanlik periyodunda faaliyet gosterirken, giindiizleri
aktivite gok azdir ve kuytu yerlerde gizlenmektedir. Genel
olarak giiniin karanlik periyodunda erginlerin u¢tugu ve
yumurta biraktig bildirilmektedir (Yabas 1979). Ulkemizde
H. armigera, sebzelerden domates, biber, patlican, bamya,
baklagiller, siis bitkileri, pamuk, misir ve tiitiin bitkilerinde
vejetatif ve generatif aksamlarda beslenebilen polifag
bir zararlidir (Anonim 2008). Zararlmin verdigi dol
sayis1 Ulkemizde bolgelere gore degisebilmekle beraber,
Adanada yilda 5, Bursada 4, Manisada ise 4-5 dol verdigi
bildirilmektedir (Kaya ve Kovanci 2000, Koglu ve Karsavuran
2000, Yabag 1979).

H. armigeranimn domatesteki zarar orani ile ilgili olarak
yapilan ¢alismalarda; Bursada gerekli 6nlemler alinmadig:
takdirde %40’a varan oranda zarar verebildigi bildirilmistir
(Anonim 1980, Anonim 1993). Hatay ilinde 6nemli yazlik ve
kislik sebze iiretim alanlarinda yapilan ¢aligmada ise yazlik
sebzelerde zararli olan lepidopterler arasinda en yaygin
goriilen tiirtin %40 lik bulasiklik oraniile H. armigera oldugu
tespit edilmistir. Bununla birlikte zararlinin en fazla domates
bitkisinde goriildiigii belirlenirken vuruk meyve oraninin da
%4.6 oldugu bildirilmistir (Kaya 2008). Diinyada domates
tiretiminde ikinci sirada yer alan Hindistanda domateste
zararll olan lepidopterler arasinda en o6nemli tiriin H.

armigera oldugu (Kumar and Ramkishore 2005) ve meyvede
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olusturdugu kaybin %14-50 arasinda oldugu bildirilmektedir
(Karabhantanal and Awaknavar 2012, Panday et al. 2006).

Yesilkurtun iilkemizde saptanan bir¢ok dogal diismani
bulunmaktadir. Ege Bélgesinde Yesilkurt'un larva parazitoiti
Habrobracon hebetor Say (Hymenoptera: Braconidae),
yumurta parazitoiti
Westwood

edilmistir (Ongoéren et al. 1977). Dicle Vadisi pamuk

olarak Trichogramma evanescens

(Hymenoptera: Trichogrammatidae) tespit
alanlarinda zararlinin parazitoit, predator ve patojeni olarak
25 tiir belirlenmistir. Zararlinin predatorii olarak Chrysoperla
carnea (Stephens), Orius spp., Nabis spp., Deraeocoris spp.,
Geocoris spp., Piocoris erythrocephalus (Le Peletier & Serville)
ve Campylomma diversicornis (Reuter); parazitoidi olarak
Habrobracon hebetor (Say), Hyposoter didymator (Thunberg),
Cotesia ruficrus (Haliday), Chelonus oculator (Panzer),
Ichneumon sarcitorius (Linnaeus) ve Conomorium patulum
(Walker); patojeni olarak Aspergillus parasiticus (Speare), A.
niger (van Tieghem), Rhizopus sp. ve Bacillus thrungiensis'in
etkili oldugu bildirilmistir (Goven ve Efil 1994). Canakkale
ilinde ise Yesilkurtun predatorii olarak C. carnea, Nabis
punctatus (A. Costa), Scymnus spp., Orius niger ve Coccinella
septempunctata (Linnaeus) bulundugu bildirilmistir (Becan
et al. 2004).

Diyarbakir ilinde sulanabilir tarim alanlarinin artmast ile son
yillarda domates tiretiminde de 6nemli artiglar gorillmektedir.
Gerek iireticilerden gelen sikayetler gerekse arazide yapilan
on ¢alismalarda, domateste zararli Yesilkurt, H. armigera
ile miicadelenin bilingsizce yiriitildigii gozlemlenmistir.
Ayrica Diyarbakir ilinde domates alanlarinda Yesilkurt ile
ilgili su ana kadar yapilan herhangi bir arastirma olmamas:
nedeniyle bu ¢alisma ele alinmustir. Yiriitillen bu ¢aliyma
ile Diyarbakirda 2013 ve 2014 yillarinda, H. armigeranin
popiilasyon gelisimi, parazitoit ve predatorleri tespit

edilmistir.

MATERYAL VE METOT

Caligmanin ana materyalini, Diyarbakir ilinin domates ekim
alanlari, domates bitkisi, Yesilkurt larva ve erginleri ile bu
zararlinin predatdr ve parazitoitleri olan dogal diismanlar
olusturmugtur. Caligmada delta ve funnel tipi feromon
tuzaklari, eseysel ¢ekici feromon ve dichlorvos igeren
kapsiiller, atrap, emgi sisesi ve ¢esitli laboratuvar malzemeleri
kullanilmistir. Yesilkurt ergin popiilasyonunu takip etmek
i¢in feromon tuzaklar 28.05.2013 tarihinde, ikinci y1l funnel
tipi feromon tuzaklar 14.05.2014 tarihinde ornekleme

yapilan alana asilmugtir.
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Calisma 2013 ve 2014 yillarinda Diyarbakir ilinde domates
yetistiriciligi yapilan Cinar, Bismil, Ergani ve Merkez
ilcelerinde 4 farkli domates tarlasinda haftalik kontrollerle
takip edilmistir. Kontroller domates fide dikiminden (nisan
sonu - mayis bast) baslayip hasat sonuna (ekim ay1 sonu)

kadar devam etmistir.

Helicoverpa armigeranin ergin ve ergin Gncesi donemlerinin

popiilasyon gelisiminin belirlenmesi

Caligmalar 2013 ve 2014 yillarinda Diyarbakir ilinin; Cinar
ilgesi Yuvacik mahallesinde 3 dekar, Bismil ilcesi Koseli
mahallesinde 2 dekar, Ergani ilesi Hangerli mahallesinde 2
dekar ve Merkez ilce Cakmak mahallesinde 3 dekar olmak
tizere toplamda 10 dekarlik alanda ytratilmistiir.

Zararlinin ergin 6ncesi donemlerinin popiilasyon gelisiminin
belirlenebilmesi i¢in 2013-2014 yillarinda gozle kontrol
yontemi uygulanmigtir. Orneklemeler domates fidelerinin
tarlaya dikimleri ile baglamis ve hasada kadar devam etmistir.
Gozle kontrol yonteminde tarlay: temsil edecek sekilde en az
3 noktadan ve toplamda 10 bitkinin tiim aksami dikkatlice
incelenmistir. Domates bitkisinin herhangi bir aksaminda
Yesilkurt larvasi, yenigi ya da artiginin olmasi durumunda
bitki bulagik olarak kabul edilmistir. Yizde Bulagiklik Orani
= (bulagik bitki sayis1 / 10) x 100 formila kullanilarak
hesaplanmustir (Kaya 2008). H. armigeranin ergin oncesi
larva doneminin popiilasyon gelismesini belirlemek igin
ornekleme alaninda tesadiifen secilen 10 domates bitkisinin
gigek, sap, yaprak, meyve ve siirgiinlerindeki Yesilkurt
larvalar1 ve meyvedeki zarar1 haftalik periyotlarla sayilmis
ve zarar gormiis bitkilerden toplanan larvalar laboratuvarda

kiiltire alinmugtr.

Zararlinin  ergin donemindeki popiilasyon gelisiminin
belirlenebilmesi igin 2013 ve 2014 yillarinda funnel tipi
feromon tuzaklar1 kullanilmistir. Diyarbakir ilinde her
tarlaya birer adet olmak {izere toplamda dort adet feromon
tuzak domates fidesinin tarlaya dikilmesiyle birlikte
asimustir. Tuzaklar 1.5-2 m yiiksekligindeki demir ¢ubuklara
bitki boyu dikkate alinarak asilmistir. Tuzaklarda Russell
IPM marka feromon ve dichlorvos emdirilmis oldiiriicii
kapsiiller (DDVP) kullanilmigtir. Feromon kapsiiller 4
haftada bir, DDVP kapsiiller ise 4-6 haftada bir yenileri ile
degistirilmistir. Tuzak sayimlari haftada bir yapilmis ve
tuzaklarda yakalanan H. armigera erginleri sayildiktan sonra
tuzaktan uzaklastirilmigtir. Sayimlar haftada 1 kez olmak

tizere hasat sonuna kadar devam etmistir.

Verilerin degerlendirilmesi

Orneklemelerde domates tarlalarinda tespit edilen Yesilkurt
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larva sayust ile tuzaklarda yakalanan Yesilkurt ergin sayisi
SPSS 21.0 (SPSS, 2012) programina girilmis ve degiskenler
arasindaki iliski Pearson Korelasyon Analizi ile belirlenmistir
(SPSS 2012).

Helicoverpa armigeramin  parazitoit ve predatorlerinin

belirlenmesi

Parazitoit ve predatorleri belirlemek igin yapilan ¢aligmalar,
Yesilkurt'un ergin oncesi donemine ait yapilan ¢alismalar ile
es zamanl: olarak, ilk y1l 28 Mayis 2013, ikinci y1l 14 Mayis
2014 tarihinde Cinar (Yuvacik mahallesi), Bismil (Koseli
mahallesi), Merkez (Cakmak mahallesi) ve Ergani (Hangerli,

Dereboyu mahalleleri) ilgelerinde baslatilmistir.

Zararhnin parazitoitlerini ve etkinliklerini belirlemek
amaciyla ¢alismanin yiratildigi her bir domates tarlasinda
10 bitkinin tiimi kontrol edilip parazitli oldugu distiniilen
larvalar toplanarak, ayri kiiltiir kaplarma konulup iklim
odasina (25+1 °C, %60-70 orantili nem ve 16:8 aydinlatma)
brrakilmistir (Kaya ve Kovanci 2000). Kiltiire alinan
larvalardan parazitoit ¢ikisi gtinlik olarak takip edilmistir.
Parazitli Larva Oran1 = (parazitli larva sayis1 / toplam
larva sayis1) x 100 formili kullanilarak hesaplanmigtir.
Ayrica bulagik olan bitki pargalar: iklim odasindaki kafes
icinde vyetistirilen domates bitkisine bulastirilmis, kafes
icinde de parazitoit ¢ikigt takip edilmistir. Elde edilen
parazitoitler teshise hazir hale getirilerek konu uzmani
olan aragtirmacilara génderilmistir. Ornekleme yapilan
alanlardan farkli tarihlerde 2013 yilinda 147, 2014 yilinda ise
65 larva kiiltiire alinmig ve bunlardan ¢ikan parazitoitler ve

parazitlenme orani (%) belirlenmistir.

Predatorlerin belirlenmesi icin her bir tarlanin en az 3 farkl
yerinden standart atrap kullanilarak 25 atrap sallanmis ve
toplanan tiirler polietilen torbalara konulmustur. Zararlinin
degisik donemlerindeki predatérlerini  belirleyebilmek
i¢in tiirler emgi ttpii yardimiyla da toplanmigtir. Atrapla
toplanan predatorler -10 °C sicaklikta buzdolabinda 1 giin
siiresince Slmeleri i¢in bekletilmistir. Olmeyenler ise etil
asetath oldirme siselerinde bekletilip, bitki kalintilar1 ve
diger boceklerden ayiklanmistir. Daha sonra binokiiler
altinda incelemeleri yapilarak takim ve familyalarina goére

diizenlemesi yapilmis ve teshise hazir hale getirilmistir.

SONUCLAR

Helicoverpa armigera'min ergin Oncesi ve ergin donemdeki
2013 yili calismalart

H. armigera’nin 2013 yil1 sayim sonuglarina gore bulagik bitki



Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (2) : 73-82

oranlar1 Cizelge 1'de verilmistir.

Cizelge 1 incelendiginde, temmuz aymin bagina kadar
Yesilkurt ile bulagik bitki ve meyve tespit edilmemistir.

Ornekleme yapilan alanlarda genel olarak temmuz aymin

ilk haftasindan itibaren bitki bulasikligi baslamis, 6rnekleme
yapilan yerlere gore degismekle birlikte yogunluk 4 ya da 5 kez
en yliksek noktaya ulasmistir. En az bulagikhigin gortldagii

Cinar ilgesi, Yuvactk mahallesi incelendiginde diger aylara

Cizelge 1. Diyarbakir ili Cinar, Bismil, Merkez ve Ergani ilgeleri 2013 yil1 Yesilkurt (Helicoverpa armigera) ile bulagik bitki

oranlar1 (%)

Bulagik bitki (%)

Tarih Cinar/Yuvacik Bismil/Késeli Merkez/Cakmak Ergani/Hangerli
28.05.2013 0 0 0 0
06.06.2013 0 0 0 0
12.06.2013 0 0 0 0
21.06.2013 0 0 0 0
25.06.2013 0 0 0 0
04.07.2013 0 30 20 0
11.07.2013 50 40 20 20
18.07.2013 10 0 40 0
25.07.2013 0 20 20 0
31.07.2013 0 0 20 0
06.08.2013 0 10 30 0
15.08.2013 0 50 20 0
21.08.2013 30 0 30 10
26.08.2013 0 20 20 20
03.09.2013 0 0 20 40
10.09.2013 0 30 80 50
19.09.2013 40 50 40 30
26.09.2013 20 50 30 20
02.10.2013 0 20 60 20
09.10.2013 10 30 30 60
23.10.2013 0 10 40 80
01.11.2013 0 0 20 40

kiyasla temmuz ayinda daha yogun bir bulagiklik olmustur.
Bismil ilcesi Koselide ise mayis ve haziran harig tiim aylarda
bulasiklik goriilmiistiir. Diyarbakar ili Merkez ilgesi verileri
incelendiginde 4 Temmuzdan 1 Kasima kadar yogun bir
bulasiklik oldugu goriilmektedir. 10 Eyliil tarihinde %80%¢
ulasan bulasiklik oraninin kasim ayinda %20’ye distigi
belirlenmistir. Ergani ilgesi Hangerli verileri incelendiginde
agustos aymn ikinci yarisindan 1 Kasima kadar yogun
bulasiklik gérilmekle birlikte, 23 Ekim tarihinde en yiiksek
deger olan %80 ulagmistir. 1 Kasim 2013 tarihinden sonra

riin hasat edildigi i¢cin 6rneklemelere son verilmistir.
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Diyarbakirda 2013 yilinda farkli domates o6rnekleme
alanlarinda 10 bitkide yapilan sayimlara gére bulunan
yesilkurt larva sayis1 ve tuzaklarda yakalanan ergin sayilari
Sekil I'de verilmektedir. Tiim lokasyonlarda sicakhigin 40
°Cnin tizerinde seyrettigi temmuz ve agustos aylarinda
larva sayisinin daha diistik, 40 °C’nin altinda oldugu eyliil ve
ekim aylarinda ise larva sayisinin daha yiiksek oldugu tespit
edilmigtir (Sekil 1). Calismanin yiiritildiigi domates tarlalar:
incelendiginde en yiiksek larva popiilasyonu Merkez ilgede,
en disiik popiilasyon ise Yuvacik mahallesinde cift¢inin
kendi evinin bahgesindeki tiretim alaninin bulundugu ve

yakinlarinda misir veya pamuk ekiliginin olmadig1 alanlarda
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tespit edilmistir. Ayrica bu ¢alisma, iretici kosullarinda
yuriitildigi igin Koseli koyiinde 2 Haziran tarihinde %5
emamectin benzoate SG (30 g/100 1 su), 14 Haziran tarihinde
ise 50 g/1 lambda-cyhalothrin CS (50 ml/da) etkili maddeli
insektisitlerin uygulandig ireticilerce beyan edilmistir. Bu
durumda uygulanan her iki kimyasalin da etki siiresi ve diger
domates tarlalarindaki sayim sonuglar: dikkate alindiginda,

larva popiilasyonunu etkilemedigi gozlemlenmistir.

H. armigeranin 2013 yili ergin popiilasyon verileri
incelendiginde, ergin yogunlugunun en fazla Koselide
oldugu ve 15 Agustostaki sayimda 237 ergin/tuzak ile en
ytksek noktaya ulagtig1 gortilmektedir (Sekil 1). Hangerlide
de 11 Temmuzda Yesilkurt popiilasyonu 128 ergin/tuzak
ile en yiiksek noktaya ulagmis ve kasim ayinin basina kadar
olan sayimlarda bu yogunluk devam etmistir. Yuvacikta ise
6 Agustos tarihinde 46 ergin/tuzak ile en yiiksek noktaya
ulagmus, eyliil ayinin sonuna dogru ve ekim ayinda yogunluk
azalmistir. Cakmak mahallesinde de 25 Temmuzda 64 ergin/
tuzak ile en yiiksek noktaya ulagmis, agustos aymin sonunda
yogunluk azalmis, eyliil ayinda ise tekrar artmistir. H.
armigera ergin popiilasyon yogunlugu agustos ayinda fazla
oldugundan, buna bagh olarak larva yogunlugunun da eyliil

ayinda arttig1 goriilmektedir.
Helicoverpa armigeramin ergin Oncesi ve ergin donemdeki

2014 yili ¢alismalar:

2013 —8— Yuvsak  —@— Kasel

-&-- Cakmak

A

Hangerli

Sekil 1. Diyarbakir ili Merkez, Bismil, Cinar ve Ergani
ilgeleri 2013 y1il1 Yesilkurt (Helicoverpa armigera) larva ve

tuzaktaki ergin sayilari

Calismanin 2014 yilinda, Yesilkurtun larva ve ergin
donemlerindeki sayimlar Diyarbakar ili; Cinar ilgesi Yuvacik

mahallesinde, Bismil ilgesi Koseli mahallesinde, Ergani
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ilcesi Dereboyu ve Hangerli mahallelerinde yiiriitiilmigtiir.
Caligmalara 14.05.2014 tarihinde baglanmis olup, 24 Ekim
2014 tarihinde hasat nedeniyle son verilmistir. Diyarbakir ili
2014 y1ili H. armigera ile bitki bulagiklik oranlar1 Cizelge 2'de

verilmistir.

Calismanin ilk yilinda oldugu gibi 2014 yilinda da, temmuz
aymin ortalarina kadar biitiin domates tarlalarinda genel
olarak bitki bulagikligi olmamistir (Cizelge 2). Eylil ve
ekim aylarinda daha yogun bir bulagiklik tespit edilmistir.
Bulagikligin en yogun oldugu Ergani ilgesinin Hangerli
mahallesinde haziran ve temmuz aylar1 digindaki aylarda
bitki bulagikligi %20’nin {izerinde olarak belirlenmistir.
Diger 6rnekleme alanlarinda da genel olarak eyliil ve ekim
aylarinda diger aylara oranla daha yogun bir bulasiklik oldugu
gozlemlenmistir. Caligma cift¢i kosullarinda yapildigindan
24 Ekim tarihinden sonra domates hasadi yapilmis ve

sonraki haftalar i¢in bir degerlendirme yapilamamustir.

Diyarbakur ilinde 2014 yilinda birbirinden farkli domates
ornekleme alanlarinda yapilan sayimlarda elde edilen
H. armigera larvalarinin ve kurulan funnel tuzaklarda

10 2014 —@— Yuvaok

— & —Dereboyu

—e— Ko
Hanger|

Larva/10 Bitki

5
Sm
Sg
-3 ]

Ergin/Tuzak
14.51

21
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Sekil 2. Diyarbakur ili Cinar, Bismil ve Hangerli ilgelerinde
2014 yili Yesilkurt (Helicoverpa armigera) larva ve

tuzaktaki ergin sayilari

yakalanan ergin kelebeklerin sayilar1 Sekil 2'de verilmistir.
Caligmanin yiriitaldigi tiim tarlalardaki 2014 yilina ait
larva sayimlarini gosteren $ekil 2 incelendiginde, ilk larvalar
temmugz ayinin ikinci haftasindan sonra goriillmeye baslamig
ve larva popiilasyon yogunlugunda ¢aliyma sonuna kadar
dalgalanmalar meydana gelmistir. Sicakhigin 40 °C’nin
iistiinde oldugu temmuz, agustos aylarinda larva yogunlugu
diisiik iken, daha serin olan eyliil ayinda larva sayisinda artis
oldugu belirlenmistir. Sayim yapilan alanlarda en yogun larva
popiilasyonu 11 Eyliil ve 1 Ekim tarihinde (5 ve 6 larva/10
bitki), ¢ift¢inin ticari amagh olmayan ve kendi ihtiyaci igin

tiretim yaptig1 Hancerli mahallesinde tespit edilmistir. En az
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Cizelge 2. Diyarbakur ili Cinar, Bismil ve Ergani ilgeleri 2014 y1ili Yesilkurt (Helicoverpa armigera) ile bulasik bitki oranlar1 (%)

Bulagik bitki (%)

Tarih Cinar/Yuvacik Bismil/Késeli Ergani/Dereboyu Ergani/Hangerli
14.05.2014 0 0 0 0
22.05.2014 0 0 0 0
30.05.2014 0 0 0 0
05.06.2014 0 0 0 0
12.06.2014 0 0 0 0
20.06.2014 0 0 0 0
26.06.2014 0 0 20 20
03.07.2014 0 0 0
10.07.2014 0 0 0
17.07.2014 0 40 0
24.07.2014 20 30 0
31.07.2014 0 0 20 0
07.08.2014 10 10 10 10
14.08.2014 0 0 20 20
21.08.2014 30 30 30 30
28.08.2014 20 20 20 40
04.09.2014 0 30 30
11.09.2014 0 0 10 40
18.09.2014 0 0 40
26.09.2014 20 0 20
01.10.2014 30 30 40
09.10.2014 30 30 40
16.10.2014 40 40 10 40
24.10.2014 40 40 10 40

larva yogunlugu ise bir 6nceki yilda oldugu gibi yine Yuvacik
mabhallesinde belirlenmistir.

Yesilkurtun 2014  yili déneminin

popiilasyon seyrini gosteren Sekil 2 incelendiginde, ergin

Calismada ergin
popiilasyon yogunlugunun en fazla Ergani ilcesinde oldugu
goriilmektedir. Dogaya ¢ikan ilk Yesilkurt erginleri genellikle
may1s sonu - haziran basinda tespit edilmistir. Yuvaciktaki
domates tarlasinda ilk ergin kelebek 22 Mayis'ta, Késelide 5
Haziranda, Hangerlide 20 Haziranda, Dereboyu'nda ise 22
Mayis'ta feromon tuzaklarda yakalanmustir. Yesilkurt erginleri
Yuvacik'ta 24 Ekimde en yiiksek noktaya ulagmis olup 4
ergin yakalanmistir. Temmuz ve agustos aylarinin neredeyse
tamaminda tuzaklarda ergin bireye rastlanilmamistir. Koseli

mahallesinde tuzakta 20 Haziran tarihinde 16 ergin/tuzak ile
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en yiiksek sayida kelebek yakalanmis ve ¢alismanin sonuna
kadar popiilasyon dalgalanmasi devam etmistir. Hangerlide
tuzakta en yliksek sayida kelebek 28 Agustos'ta 29 adet ergin/
tuzak yakalanmis ve temmuz ayinin bagindan ekim aymin
sonuna kadar yogunluk devam etmistir. Dereboyunda
ise 16 Ekimde 21 ergin/tuzak yakalanarak Yesilkurt ergin
popiilasyonu en yiiksek noktaya ulagmigtir.

Sekil 3'de verilen sicaklik ve nem verileri incelendiginde her
iki yilda temmuz, agustos aylarinda sicakligin arttigi nemin
ise azaldig1 ve 2013 yilinin son aylarinda ortalama sicakligin
sifirin  altina  distigin  gorilmektedir. 2013 yili ergin
popiilasyon yogunlugu, 2014 yilina oranla yiiksek olarak
belirlenmistir. Caliymanin ilk yili en yiiksek ergin sayist

Koseli mahallesinde 237 adet/tuzak iken ikinci yilinda ise
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Hangerli mahallesinde 29 adet/tuzak olarak tespit edilmistir.
2014 yii zararh popiilasyon yogunlugundaki distisiin
nedeninin 2013 Aralik ve 2014 Ocak ayinda ¢ok diisiik
sicakliklar ve buna bagl olarak gerceklesen don olayindan

kaynaklanmuis olabilecegi degerlendirilmektedir.

100
2013 W

—-—tem

——Scakik

58885858388

Stcaklik (°C) ve Nem(%e)

Sekil 3. Diyarbakur ili 2013-2014 yillar1 ortalama sicaklik

ve nem degerleri

Helicoverpa armigeramin  parazitoit ve predatorlerinin

belirlenmesi

Parazitli Yesilkurtlardan elde edilen larva parazitoitleri
Cizelge 3'de verilmistir. Ornekleme yapilan alanlarda farklt
tarihlerde Hymenoptera takiminin Ichneumonidae ve
Braconidae familyalarina ait Apanteles sp., Campoletis sp.,
Hyposoter sp. ve Habrobracon sp. belirlenmistir. Apanteles
glomeratus, Hyposoter didymator ve H. hebetorun H.
armigeranin ve kiltlir bitkilerinde zararli bazi 6nemli
lepidopter tiirlerin parazitoidi oldugu degisik arastiricilar
tarafindan bildirilmektedir (Anonim 2017, Kaya ve Kornogor
2009, Simsek et al. 2015). Ornekleme yapilan alanlardan
toplanan H. armigera larvalarinin parazitlenme orani 2013
yilinda %2.04; 2014 yilinda ise %1.53 olarak belirlenmistir.

Caligmanin yiratildigt alanlardan atrap kullanilarak
toplanan Yesilkurt predatorleri Cizelge 4te verilmistir.
Belirlenen predatorlerin ¢ogu tilkemizde degisik tarimsal

tiretim alanlarinda bulunan yaygn tiirlerdir.

TARTISMA VE KANI

Cizelge 4. Yesilkurt'un Diyarbakur ili Merkez, Cinar, Bismil
ve Ergani ilcelerindeki predatérleri

Takim

Hemiptera

Familya Tiir

Deraeocoris pallens

(Reuter, 1904)
Miridae
Macrolophus pygmaeus

(Rambur, 1839)

Geocoris pallidipennis
(A. Costa, 1843)

Lygaeidae .
Geocoris megacephalus

(Rossi, 1790)

Nabis pseudoferus
(Remane, 1949)

Orius niger (Wolff, 1811)

Orius albidipennis
(Reuter)

Nabidae

Anthocoridae

Neuroptera Chrysoperla carnea

Chrysopidae (Stephens, 1836)

Coleoptera Adonia variegata

(Goeze, 1777)

Coccinella septempunctata
(Linnaeus, 1758)

Coccinellidae

Scymnus levaillanti
(Mulsant, 1850)

Yapilan bu ¢alisma kapsaminda; ornekleme yapilan
yerlerde ve yillarda domates bitkisinin fide ve gigeklenme
donemlerinde (mayis ayindan haziran ayinin son haftasina
kadar) Yesilkurta ait herhangi bir bulasiklik veya larva tespit
edilmemistir. Canakkalede domates alanlarinda H. armigera
larvalarinin temmuz ay1 ortasindan itibaren gorildugi ve
yogunlugunun agustos aymin sonuna dogru yiikseldigi, ge¢
ekilen domateslerde zararli oldugu (Becan et al. 2004); Hatay
ilinde 6nemli yazlik sebze alanlarinda yapilan ¢alismada
haziran ay1 ortasindan itibaren domateste H. armigera
ile bulasik bitki ve vuruk meyve oraninin belirlendigi,
bulagikliligin temmuz ayinda en yiiksek noktaya ulastig
bildirilmektedir (Kaya 2008).

Diyarbakir ilinde Yesilkurt ile bulagiklik oranlari, yillara
ve iklim sartlarina gore degisiklik gostermistir. 2013
yilinda bu oran %10-80 arasinda iken 2014 yilinda %10-

Cizelge 3. Diyarbakir ili 2013-2014 yillarinda domateste zararh yesilkurt'un larva parazitoitleri

Tarih Takim Familya Tiir Bulundugu Yer
25 Temmuz 2013 Braconidae Apanteles sp. Hangerli
31 Temmuz 2013 Hymenoptera Ichneumonidae Campoletis sp. Cakmak
23 Ekim 2013 Ichneumonidae Hyposoter sp. Hangerli
21 Agustos 2014 Braconidae Habrobracon sp. Koseli
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40 olarak belirlenmigtir. Karsavuran ve Durmusoglu
(2004), tuzakta yakalanan ergin sayilar1 ile bitkideki
yumurta ve larva sayilari arasinda iliski bulunamadigini
ve Ornekleme yapilan tarlalarda zararlinin popiilasyon
yogunluklar1 arasinda fark oldugunu; Kaya ve Kornosor
(2009) Hatay'da 6nemli yazlik sebze alanlarinda yurittiikleri
calismada %40 Yesilkurt bulagiklik orani oldugunu; Koglu
ve Karsavuran (2000) domateste bitkinin ¢iceklenme ve
meyve doneminde H. armigera larvalarinin yogun olarak
goruldiginii tespit etmiglerdir. Yiicel ve Geng (2018),
Canakkale'nin  farkll

domateste H. armigeranin bulasiklik oranlarinin  %9-

ilgelerinde yaptiklar1 ¢alismada,
62.9 arasinda degistigini; Ornekleme yapilan tarlalarda
bulagikliligin farkli oldugu, bununda treticilerin zararl i¢in
yaptigi miicadele uygulamalarindan kaynaklanabilecegini
ve larva popiilasyonunun agustos aymin son giinlerinde
arttigin; Usman et al. (2013), Pakistanda 13 farkli domates
%21.40-40.47
arasinda oldugunu tespit etmislerdir. Kumar et al. (2013),
Hindistanda
bulasikliginin %40-60 arasinda oldugunu bildirmislerdir.

¢esidindeki yesilkurt bulagikik oranini

domateste yaptiklar1 ¢alismada Yesilkurt
Yapilan bu ¢aligmada zararlinin ergin 6ncesi doneminde
elde edilen bulgulardan dikkat ¢ekici olani, ¢alismalarin ayni
ornekleme alanlarinda iki yil tekrar edilmesine ragmen, ilk
yil ile ikinci y1l elde edilen bulagiklik oranlarmin birbirinden
olduk¢a farklilik gostermesidir. Bu durum, orneklemeler
retici tarlalarinda yapildigindan  {direticilerin  yapmis
oldugu miicadele uygulamalarindan kaynaklanabilecegi,
nitekim domateste H. armigera ile yapilan ¢aligmalarda da
belirtildigi tizere 6rnekleme yapilan tarlalarda benzer sekilde
bulagikligin farkli oldugu bildirilmistir (Koglu ve Karsavuran
2000, Yiicel ve Geng 2018). Ayrica domatesteki H. armigera
bulagikliliginin farkli olmasinin nedenlerinden bir digerinin
de iklim faktorleri, ozellikle sicakliktan kaynaklanabilecegi
degerlendirilmektedir. 2014 y1il1 iklim verileri incelendiginde,
temmuz ve agustos aylarinda, bir 6nceki yilin verilerine
gore 40 °Cnin tzerindeki sicaklik degerlerinin daha
yogun goriilmesi oldugu soylenebilir. Ayrica 2013 Aralik
ve 2014 Ocak aylar1 iklim verileri incelendiginde sicaklik
degerlerinin genellikle sifirin altinda oldugu ve bununda
Yesilkurt'un kiglayan dol popiilasyonu iizerinde olumsuz
etkisinin  olabilecegi  degerlendirilmektedir. ~Mironidis
and Soultani (2008), Yunanistanda farkli sicakliklarda
Yesilkurt'un gelisimi, hayatta kalmasi1 ve ¢ogalmasi iizerine
yaptiklar1 ¢alismada, ortalama 5-27.5 °C sicaklik araliginin
en uygun sicaklik oldugunu bildirmislerdir. Bununla birlikte
ortalama 15 °C’nin altinda ve 28 °C’nin tstiindeki degerlerde

ise yasaminin azaldig1 bildirilmistir.

Yapilan Pearson Korelasyon Analizinde sadece 2014 yilinda
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Dereboyu (%52, P<0,009) ve Hangerli (%53, P<0,008)
mahallelerinde ergin yogunlugu ile larva sayis1 arasinda
pozitif bir korelasyon elde edilmistir. Diger lokasyonlarda
istatiksel bir iligki belirlenememistir. Bagka bir ifade ile
tuzaklardaki ergin sayisi fazla olmasina ragmen, bitkilerdeki
larva sayis1 diisiik diizeylerde belirlenmistir. H. armigeranin
2013 yili domates vejetasyon dénemi boyunca Koselide ergin
popiilasyonu yiiksek diizeyde (858 adet / tuzak) iken, larva
popiilasyonunun (39 adet / 10 bitki) diisiik diizeyde oldugu
tespit edilmistir. Elde edilen bu iligkiye benzer sonuglari,
Mart et al. (2000) Hatay ilindeki pamuk; Karsavuran ve
Durmusoglu (2004) Bursa ilindeki domates ve Becan et al.
(2004) Canakkale ilindeki domates alanlarindaki yiiriitmis
olduklar1 ¢aligmalarda da tespit etmislerdir. Akyildiz ve
Bayhan (2018), Diyarbakir ili pamuk ekim alanlarinda
H. armigeranin popiilasyon dalgalanmasi konusunda
yaptiklar1 ¢aligmada eseysel gekici feromon tuzaklarin ergin
birey popiilasyon yogunlugu degisiminin izlenmesinde
kullanilabilecegini, zararliya yonelik miicadeleye karar
vermede ise tarlada yapilacak larva yogunlugu sayimlarinin

esas alinmasi gerektigini bildirmektedirler.

Caligma sonucunda 4 parazitoit ve 11 predator tespit edilmis
olup, saptanan parazitoitlerin yaygin parazitoitler oldugu ve
parazitlenme oranlarinin genel olarak diisiik oldugu, bunun
da tireticilerin farkli zamanlarda yapmis olduklar1 miicadele
uygulamalarindan kaynaklanabilecegi degerlendirilmektedir.
Caligmada belirlenen predatorlerin arasinda en yogun olarak
C. carnea, N. pseudoferus, Orius sp. ve C. septempunctata
bulunmustur. Bu ¢aligmada belirlenen predator tiirlerini
destekler nitelikte, Goven ve Efil (1994) Dicle Vadisinde,
pamuk alanlarinda zararli Yesilkurtun dogal diigmanlari
ve etkinlikleri {izerine yaptiklar1 arastirmada parazitoit,
predator ve patojen olarak 25 tiir belirlemislerdir. Zararlinin
predatorii olarak C. carnea, Orius spp., Nabis spp., Deraeocoris
spp., Geocoris spp., Piocoris erythrocephalus ve Campylomma
diversicornis’in; parazitoidi olarak H. hebetor, H. didymator,
Cotesia ruficrus, Chelonus oculator, Ichneumon sarcitorius
ve Conomorium patulum bulundugunu bildirmislerdir.
Becan et al. (2004), Canakkale ili domates alanlarinda
zararll Yesilkurtun popiilasyon gelisimi ve 6nemli dogal
digmanlarinin belirlenmesi {izerine yaptiklar1 g¢alismada
C. carnea, Nabis punctatus, Scymnus spp., Orius niger ve C.
septempunctata tiirlerini tespit etmislerdir. Wubneh (2016),
Hindistanda H. armigeranin nohut alanlarindaki biyolojik
miicadelesi baglikli yaptig1 derlemede, zararlinin predatérii
olarak Chrysopa spp., Chrysoperla spp., Nabis spp., Geocoris
spp., Orius spp. ve Polistes spp. tiirlerini bildirmistir.

Calismanin yapildig: yillardaki iklim farkliliklar: nedeniyle,
zararlnin popiilasyon dalgalanmalarinda ve dolayis: ile
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miicadele tarihlerinde farkliliklar olabilecegi belirlenmistir.
Ayrica miicadeleye karar vermede H. armigeranin zarar
verdigi konuk¢uda zararlinin popiilasyon yogunlugunun
ekonomik zarar esigine ulastiginda miicadelenin yapilmasi,
bununla birlikte domates fide ve ciceklenme doéneminde
ornekleme yapilan yillarda ve yerlerde larva yogunlugu
ekonomik zarar esigini agmadigindan koruyucu kimyasal
miicadele uygulamalarindan kaginilmasi yoniinde iireticilere

uyarilarda bulunulmustur.
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OZET

Yesilkurt Hubner) domates

yetistiriciliginde verim ve kaliteyi olumsuz yonde etkileyen

(Helicoverpa  armigera
polifagbir zararli olup, son yillarda popiilasyon yogunlugunda
goriilen artis ile zararli tiirler arasindaki 6nemi artmigtir. Bu
galismada 2013 ve 2014 yillarinda Diyarbakir ili Merkez,
Cinar, Ergani ve Bismil ilgelerinde Yesilkurt'un popiilasyon
takibi yapilmustir. Her lokasyonda araziyi temsil edecek
sekilde tesadiifi olarak segilen bitkilerde fide déoneminden
baslamak tizere hasada kadar, zararlinin ergin ve ergin 6ncesi
donemleri haftalik takip edilmistir. Zararlinin ergin éncesi
doneminde en fazla bulasiklik eyliil, ekim aylarinda %80
ile Merkez ve Erganide; ergin donemde ise en fazla agustos
ayinda 237 ergin/tuzak ile Bismil il¢esinde belirlenmistir. H.
armigeranin larva parazitoitleri Apanteles sp., Habrobracon
sp., Campoletis sp., Hyposoter sp., olarak belirlenmistir.
Larvalarin ilk yil parazitlenme orani %2.04 iken ikinci yil
ise %1.53 olarak tespit edilmistir. Zararlinin predatorleri
Deraeocoris pallens (Reuter, 1904), Macrolophus pygmaeus
(Rambur, 1839), Geocoris pallidipennis (A. Costa, 1843), G.
megacephalus (Rossi, 1790), Nabis pseudoferus (Remane,
1949), Orius niger (Wolft, 1811), O. albidipennis (Reuter),
Chrysoperla carnea (Stephens, 1836), Adonia variegata
(Goeze, 1777), Coccinella septempunctata (Linnaeus, 1758)
ve Scymnus levaillanti (Mulsant, 1850) olarak bulunmustur.
Calisma sonucunda, Diyarbakir ilinde H. armigeranin
bulasiklik ve popiilasyon yogunluguna ilaglama ve dogal
diigmanlarin etkinliginin yani sira iklim kosullarinin da

etkisi olabilecegi degerlendirilmektedir.
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Recently, cold atmospheric plasma (CAP) is under investigation for possibility to be
applied for inactivation of pathogens in medicine, food technologies, water cleaning
technologies and agriculture. The aim of the current study is to investigate the effect
of CAP on microplants, propagated in vitro from plum tree (Prunus domestica L., cv.
‘Kyustendilska sinya’) naturally co-infected by M and D strains of Plum pox virus (PPV)
and in that respect the possibility for CAP application for virus inactivation. In the present
work, we have used two types of plasma sources for biological systems treatments: a
surface-wave-sustained Argon plasma torch and an underwater diaphragm discharge.
These enabled several variants of plasma treatment to be performed. Based on the data of
IC-RT-PCR tests of the microplants on the third subculture after treatment, it was found
the most effective variant was the reiterated plasma torch tip treatment to nodal segments
without leaves in gas medium. The strain specific RT-PCR analysis results of PPV positive
CAP-treated microplants showed that only PPV-M strain was identified after treatment,
although the starting material was co-infected by both strains. The results obtained from
IC-RT-PCR and strain specific RT-PCR of the acclimatized ex vitro plants have been in
agreement with the data from molecular analyses of the microplants tested. These are the
first experiments on CAP ability for inactivation of PPV from tissue of living woody plants
even if in in vitro conditions. The completed estimation of this approach for obtaining of
PPV-free plum plants will be made after more prolonged observation and testing of the ex
vitro plants.

INTRODUCTION

As it is well known unlike other phytopathogens, the is impossible. Only virus elimination by physical methods

application of pesticides against plant viruses in the field and a few chemical agents as well as the biotechnological
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approaches like meristem culture can be used with different
effectiveness in laboratory conditions.

Plum pox virus (PPV), the causal agent of Sharka disease,
is one of the major limiting factors of the plum production.
Scholthof et al. (2011) listed PPV to a group of “Top10’ plant
viruses in molecular plant pathology due to its scientific and
economic impact. To date, ten PPV strains - D, M, Rec, C,
EA, W, T, CR, An (James et al. 2013) and CV (Chirkov et al.
2018) are recognized on the base of differences in complete
genome sequences and phylogenetic analyses. Currently,
in Bulgaria the PPV-M, PPV-D and PPV-Rec strains have
been identified on stone fruits and in particular in plum
(Kamenova et al. 2015).

PPV is widespread in stone fruit trees and the movement of
PPV-infected propagating material is considered the main
pathway for its long-distance distribution. In that respect
production of PPV-free planting material is one of the most
important measures for the virus containment. Sometimes,
it is impossible to be found PPV uninfected trees of any
stone fruit cultivars that require being applied sanitation in
order to be obtained PPV-free propagating material. Some
researchers reported about PPV elimination from plum
and apricot cultivars through combining of tissue culture
techniques and thermotherapy (Gabova 1989, Koubouris et
al. 2007) or chemotherapy (Hauptmanova and Polak 2011,
Paunovic et al. 2007) with different effectiveness. In our earlier
experiment on PPV elimination, it was studied possibility to
obtain PPV free clones from Sharka infected plum cultivars
‘Kyustendilska sinya’ and “Valevka' through tissue culture
using apex buds with 2-3 unfolded leaves and as result after
eight subcultures 88% of subclones of ‘Kyustendilska sinya’
and 100% of ‘Valjevka® were PPV negative (Nacheva et al.
2002).

The both most frequent applied approaches for sanitation of
plants from phytoviruses thermotherapy and chemotherapy

are time and costs consuming methods.

Recently, the low temperature, non-equilibrium atmospheric
pressure plasma called cold atmospheric plasma (CAP)
is under investigation for possibility to be applied for
inactivation of pathogens in medicine (Woedtke et al
2019), food technologies (Pankaj et al. 2018), water cleaning
technologies and agriculture (Stryczewska et al. 2016).
Using common gases such as air or argon, one can produce
reactive oxygen and nitrogen species as well as ozone oxides,
peroxides and monoxides, and even in a short treatment time
of a few seconds there may have strong impact on pathogens.

Both proteins and nucleic acids molecules can be destroyed
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during the plasma applying.

Searching for efficient, fast and cheap approach for sanitation
of the fruit trees from viruses we have begun investigation
on possibility to apply CAP for virus inactivation. The idea
is based on some data for virucidal effect of CAP on Feline
calicivirus (Abaubakr et al. 2016) and a few bacteriophages
(Guo et al. 2018, Wu et al. 2015). More recently, Filipic et al.
(2019) reported for inactivation of Potato virus Y (PVY) in
water samples by CAP treatment while the previous attempts
for elimination of necrotic isolates of PVY from potato nodes
in tissue culture and infected plant extract were unsuccessful
(Dobnik et al. 2016).

The plasma sources used in this work for biological systems
treatment are two types: a surface-wave-sustained Argon
plasma torch and an underwater diaphragm discharge. In
contrary to the widely used plasma jets where the plasma
treating area is in the afterglow region, in the surface-
wave-sustained plasma torch the treatment is in the active
discharge zone called from here on “plasma torch tip”. This
results in high concentrations of short-lived active particles
together with electromagnetic field and UV radiation at
plasma-liquid interface (Krcma et al. 2018). The underwater
diaphragm discharge is the same type plasma source as the

one used in Kozakova et al. 2015, Vyhnankova et al. 2015.

The aim of the study is to investigate the effect of cold
atmospheric plasma on PPV infected plum microplants and
in that respect the possibility for application of CAP for virus

inactivation.

MATERIALS AND METHODS
Plant material

The model biological system used in the study was
established from in vitro cultured plum (Prunus domestica
L.) cultivar Kyustendilska sinya, naturally co-infected by
M and D strains of PPV. The plum cultivar ‘Kyustendilska
sinya’ is highly susceptible to PPV and for the first time the
virus was observed and described on that plum cultivar by
Atanasoff (1933).

Methods
In vitro propagation
The shoot tip culture was established from the mother tree

and was maintained (28-day multiplication cycle) on a
solidified MS (Murashige and Skoog 1962) nutrient medium,



Bitki Koruma Biilteni / Plant Protection Bulletin, 2020, 60 (2) : 83-90

supplemented with 2.5 uM N°-benzyladenine (BA), 0.05 uM
indole-3-butiric acid (IBA), 30 g1* sucrose, 6.5 g1 Phyto agar
(Duchefa, The Netherlands). The cultures were incubated
in a growth chamber under temperature of 2242 °C,
photoperiod 16/8 hours supplied by cool-white fluorescent
lamps (OSRAM 40 W; 40 pmol ms”' PPFD). For the CAP
treatment nodal segments (10 mm in length) with or without
one leaf were prepared. The shoot clumps obtained after CAP
treatment were transferred to the above mentioned fresh
culture medium every three weeks. After four passages apical
shoots from treated plants and non-treated control were
placed on rooting media based on MS with 50% reduced
macro salts, 100% micro salts and vitamins, 1.5 uM IBA, 20
g L' sucrose, 6.5 g1 Phyto agar. The rooted plants have been
acclimatized to ex vitro conditions and currently, six months
after acclimatization, they are being under observation
for arising of Sharka symptoms and molecular testing for

presence/absence of PPV.
Cold atmospheric plasma (CAP) treatment

Two approaches were applied for CAP treating of the
micropropagated plants:

First - CAP treatment allowing the plasma torch tip to get in

contact with the explants for 5 s.

All of explants were treated individually at the torch tip on
agar. The discharge is created in an Ar (purity of 99.99999%)
flow at atmospheric pressure in open space at constant mass
flow 2 I/min controlled by Omega FMA-A2408 mass flow
controller. The gas temperature (i.e. the temperature of the
heavy particles) in the plasma does not exceed 40 °C while
the electron temperature is about 1 eV. The microwave Argon

plasma torch tip is presented in Figure 1a.

Figure 1. a) Microwave Argon plasma torch, b) Two-

chambers tray of underwater diaphragm discharge. 1 -

diaphragm with pin-hole; 2 - electrodes

Second - treatment with electrical discharges in liquid media
(Figure 1b) for 5 s after plunging the plants in 50-60 ml water
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in a two-chamber tray for electrical discharges as the first
lead was connected to alternating voltage and the second lead

was ground connected.
The following variants of treatment were carried out:

a) Single time treatment by plasma torch tip to nodal

segments without leaves, placed in petri dish on agar media;

b) Single time treatment by plasma torch tip to leaflets,
placed in petri dish on agar media;

¢) Reiterated treatment by plasma torch tip to nodal segments
without leaves, prepared from shoots obtained on the fourth

subculture after the first plasma torch tip treatment;

d) Reiterated treatment with electrical discharges in water
media to nodal segments without leaves prepared from
shoots obtained on the fourth subculture after the first
plasma torch tip treatment.

Each one of the treated plants was labelled with unique

number allowing tracing of the CAP effect plant by plant.
Molecular methods for PPV detection

The detection of PPV in the plum tree source of the explants
for micropropagation, microplants before treatment, CAP-
treated plants, non-treated controls and adapted plants
was carried out by immunocapture-reverse transcription-
polymerase chain reaction (IC-RT-PCR), performed as
described by Wetzel et al. (1992), using primer pair P1/P2,
targeting 3’-coat protein (CP) genomic region (Wetzel et al.
1991). PPV polyclonal antibodies from Agritest S.r.1 (Italy)
were used in immunocapture step. The clones obtained from
CAP-treated plants were tested on the third subculture after
treatment. Each sample was composed from leaves of the

microshoots from one cultivation vessel - usually 3 plants.

RNA based two steps RT-PCR was carried out for
identification of PPV strains in the mother tree, CAP-treated
microplants and acclimatized to ex vitro conditions plants.
Strain specific RT-PCR tests were performed with primer
pairs distinguish PPV-M and PPV-D strains in 3’- terminus
of the CP gene using P1/PM and P1/PD primer pairs (Olmos
etal. 1997) and genomic region corresponding to C-terminus
of the viral replicase and N-terminus of CP using mM5/
mM3, mD5/mD3 primer pairs (Subr et al. 2004). Initially, the
plum tree source of the explants was also tested with primer
pair mD5/mM3 identifying PPV-Rec strain isolates (Subr

et al. 2004). Non-treated controls from each variant and
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microplants propagated from the mother tree were included

as controls.

Total RNA was extracted by using commercial kit (Jena
Bioscience) according to the instruction of the manufacturer.
The reverse transcription (RT) step for synthesis of
complementary (c) DNA was performed with random
hexamer, using AMV reverse transcriptase (New England,
BioLabs Inc.) following the protocol of the supplier.

PCR products were analysed by electrophoresis on 1.5%

agarose gel in 1x TBE buffer and stained with ethidium
bromide.

RESULTS

Physiological effect of the CAP on treated nodal segments
After CAP torch tip treatment of the nodal segments with
leaves necrotic lesions were observed on the leaves (Figure

2a) but later on the normal growth recovered and new leaves
expanded (Figure 2b). No visual damages were registered on

r

Figure 2. Developing microplants from cold atmospheric

plasma (CAP)-treated stems with leaves after treatment.
2a - treated stems with leaves on the 10th day after
treatment; 2b — treated stems with leaves on the 33rd day

after treatment

Figure 3. Developing microplants from cold atmospheric

plasma (CAP)-treated stems without leaves. 3a — treated
stems without leaves on the 10th day after treatment;

3b - treated stems without leaves on the 33rd day after
treatment

the CAP-treated nodal segments without leaves (Figure 3a
and 3b) as well as plants treated in water media.

IC-RT-PCR and strain specific RT-PCR

Based on the data of IC-RT-PCR tests of the microplants on
the third subculture after treatment, it was found that the
most effective variant was the reiterated plasma torch tip
treatment of nodal segments without leaves in gas media on
agar (Table 1). Single plasma torch treatments and treatment
in water media of the plasma torch treated plants were the
less effective manner of treatments. Comparison between the
both variants of single torch treatments showed a little bit
higher effectiveness in variant with nodal segments without

leaves.

The results from the strain specific RT-PCR tests of the
PPV positive CAP-treated microplants performed using
mentioned above primer pairs, distinguished PPV-M and
PPV-D in two viral genomic regions, showed that only
PPV-M was identified in analysed samples (Table 1) although
the starting material was co-infected by M and D strains of
PPV. Both strains were detected in the non-treated control

microplants.

91011 M

Figure 4. Electrophoresis of the products from strain
specific RT-PCR with mD5/mD3 (lines 2-6) and mM5/
mM3 (lines 7-11) primer pairs of PPV positive CAP-
treated ex vitro plants. Line 1 non-infected plum - negative
control; lines 2 and 7 mother tree; lines 3 and 8 ex vitro
plant obtained from treated nodal segments with leaves;
lines 4 and 9 ex vitro plant obtained from treated nodal
segments without leaves; lines 5 and 10 non-treated in vitro
propagated plant; lines 6 and 11 non-template controls; line
12 1kb DNA Ladder (Bioneer Inc. 500, 1000, 1600, 2000,
2961, 4000, 5007, 5991, 8000, 10200 bps)

A part of treated PPV negative and positive microplants from
two variants and non-treated controls have been acclimatized

to ex vitro conditions. They are under observations for
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Table 1. Results of Plum pox virus tests by IC-RT-PCR and strain specific RT-PCR of cold atmospheric plasma (CAP)-treated

plants on the third subculture after treatment

IC-RT-P
. IC-RT-PCR tested CR i CR Strain specific RT-PCR of
Variant positive s
samples positive samples
samples
a) Single time trea‘tment by plasma torch tip to 15 5 PPV-M
nodal segments without leaves
b) Single time treatment by plasma torch tip to 10 5 PPV-M
the leaflets
c) Reiterated treatment by plasma torch tip to
nodal segm.ents without leaves, prepared from 10 ] PPV-M
shoots obtained on the fourth subculture after
the first torch tip treatment
d) Reiterated treatment with electrical dis-
charges in water media to nodal segments
without leaves prepared from shoots obtained 10 5 PPV-M

on the fourth subculture after the first torch tip
treatment

Table 2. Results of visual observation and Plum pox virus tests by IC-RT-PCR and strain specific RT-PCR of acclimatized to ex
vitro conditions cold atmospheric plasma (CAP)-treated plants

Variant Number of ~ Numberof = Number of Symptoms IC-RT-PCR  Strains
PPV negative PPV positive symptomatic positive identified by
clones clones plants plants/ RT-PCR

tested plants

a) Single treatment by 12 3 3 Single chlorotic  3/15 PPV-M

plasma torch tip to nodal spots

segments with leaves

b) Single treatment by 12 3 3 Single chlorotic  3/15 PPV-M

plasma torch tip to nodal spots

segments without leaves

Non-treated control mi- 0 7 7 Chlorotic spots  7/7 PPV-M,

croplants or rings PPV-D

arising of PPV symptoms. At this stage, six months after ex
vitro acclimatization, Sharka symptoms are not registered
on CAP-treated PPV negative plants. Very mild symptoms
are showing CAP-treated PPV positive plants. Developing of
typical Sharka symptoms on non-treated controls have been

observed.

The results obtained from IC-RT-PCR of all acclimatized to
ex vitro conditions plants (Table 2) are in agreement with
data from molecular analyses of the microplants tested. PPV
was identified only in symptomatic plants and PPV positive
plants were not found among asymptomatic ex vitro plums.

According to data obtained from the strain specific RT-PCR

87

tests of the acclimatized to ex vitro conditions plants, only
PPV-M was detected the CAP-treated PPV positive plants
(Table 2, Figure 4).

More recently, rooted plantlets from the other two CAP
variants of treatment were potted in peat and after successful

acclimatization to ex vitro conditions they will be also

screened.

DISCUSSION

At this stage, the results from current study have given initial
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information about effect of CAP treatment on the used
biological model. Torch tip treatment of nodal segments
without leaves proved to be more efficient variant and likely
one of the reasons for that result is due to removing of the
leaves leads to decrease the virus content in plant tissue. The
most effective approach was the reiterated CAP torch tip
treatment of nodal segments without leaves as that result
gives opportunity for improving of the experimental protocol
by multiplying the number of treatments and shortening the

interval between treatments.

Filipic et al. (2019) and Wu et al. (2015), studying virus
inactivation in liquid samples, have found correlation
between the time of exposure to atmospheric pressure cold
plasma and the degree of virus inactivation and, respectively,
damages of the viral genes. More prolonged treatment can
cause seriously degradation of the viral RNA and the genes
coding virus proteins as coat protein, replicase protein, etc.
Taking attention that in the present research the experimental
model system includes living explants, the CAP treatments
were carried out for very short time, only 5 seconds. Even
if that short exposure after CAP torch tip treatment on the
leaves of the nodal segments were observed necrotic lesions.
Nevertheless that later on the normal growth recovered and
new leaves expanded, prolonged treatment probably would
be injured the plantlets. Some studies on mechanism of
virus inactivation by CAP treatment reported (Abaubark
et al. 2016, Guo et al. 2018) the primary role of the singlet
oxygen among plasma-generated reactive species for viral
nucleic acids and proteins degradation. Working with living
plants, there exists risk the plant nucleic acids and proteins
to be damaged simultaneously with the viral nucleic acids
and proteins degradation so because of that reason the
exposure time of CAP treatment there is critical importance.
Experiments for optimization of the exposure time of CAP
treatment could be made in variants with subject nodal
segments without leaves, treated by plasma torch tip on agar

media and with electrical discharges in water media.

In virological point of view, the most interesting result from
the experiments is the “disappearance” of PPV-D strain from
the treated PPV positive microplants as well from the treated
PPV positive acclimatized ex vitro plants. One of possible
explanations of that PPV-D has not been detected in PPV
positive CAP treated plants is that after James (2017) some
PPV-D isolates may not be aggressive and may not replicate
efficiently resulting in low levels of inoculum that are not
always detected reliably in routine diagnostic tests. PPV-M
strain is more virulent and it replicates in susceptible host
plants faster than PPV-D.
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These are the first experiments on CAP ability for inactivation
of PPV from tissue of living woody plants even if in in vitro
conditions. The results obtained are promising and the
experiments have to be continued by including of more
variants and parameters of CAP treatments. The completed
estimation of this approach for obtaining of PPV-free plum
plants will be made after more prolonged observation and
testing of the ex vitro plants.

ACKNOWLEDGEMENTS

This study is supported by the Bulgarian National Science
Fund under Grant No DN 08/8 from 2016, “Effects and
mechanisms of impact of electrical discharges in gases and

liquids on model biological systems”.

OZET

Son zamanlarda, soguk atmosferik plazma (SAP)’in tip, gida
teknolojileri, su aritma teknolojileri ve tarimda patojenlerin
inaktivasyonu igin uygulanabilme olasilig1 arastirilmaktadur.
Bu galismanin amaci SAP'in, Plum pox virustiniin (PPV) M ve
Dirklaritarafindan dogal olarak enfekte edilen erikagacindan,
in vitro kogullar altinda elde edilmis bitkicikler tizerindeki
etkisini ve bu baglamda SAPin virils inaktivasyonunda
uygulanmasi olasiligini aragtirmaktir. Caliymada, biyolojik
sistemlerin uygulanmasinda “yiizey dalgasi-siirekli Argon
plazma torgu” ve “su alt1 diyafram desarji” olmak tizere iki
tip plazma kaynag: kullanilarak plazma tedavisinin birkag
varyantinin gergeklestirilmesini saglamistir. Uygulamadan
sonra ugiincii alt kiltir tizerindeki bitkiciklerin IC-RT-
PCR verilerine dayanarak, en etkili varyantin gaz ortaminda
yapraksiz nodal segmentlere tekrarlanan plazma tor¢ ucu
uygulamasi oldugu bulunmustur. SAP ile muamele edilmis,
her iki PPV 1rki ile enfekteli bitkiciklere yapilan irka spesifik
RT-PCR analiz sonucunda, sadece PPV-M tespit edilmistir.
iklimlendirilmis ex vitro bitkilerinin IC-RT-PCR ve irka
spesifik RT-PCRdan elde edilen sonuglari, test edilmis
bitkiciklerin molekiiler analizlerinden elde edilen verilerle
uyumlu oldugu goriilmistiir. Elde edilen bu veriler, in
vitro kosullarda yapilmis olsa da canli odunsu bitkilerin
dokusundan PPV‘nin inaktivasyonu i¢in CAP vyetenegi
tizerinde yapilan ilk ¢aligma niteligindedir. PPViden ari
erik bitkilerinin elde edilmesinde kullanilan bu yaklagimin
son degerlendirmesi, ex vitro bitkilerin daha uzun siire

gozlemlenmesi ve test edilmesinden sonra yapilacaktir.

Anabhtar kelimeler: Plum pox virus, soguk atmosferik plazma,

doku kiiltiirt, viriis inaktivasyonu
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This study was conducted in the Cukurova region to determine the prevalence
of Citrus psorosis virus (CPsV), a citrus disease agent in orange, mandarin, and
grapefruit orchards. Biological and molecular characterization of collected plant
samples were also carried out and the differences between the CPsV isolates
were separated by analyzing nucleotide sequences. For the identification and
characterization of CPsV, isolates were collected from 50 different citrus trees
showing severe barking lesions, vein banding, and oak leaf pattern symptoms
on young leaves, old leaves symptoms. The leaf samples were tested by RT-PCR
analysis using different primer pairs to identify the coat protein region of CPSV.
For the biological indexing studies, CPsV was inoculated to Pineapple orange
(Citrus sinensis) plants grown from the seed. Vein banding symptoms and shock
reactions of CPsV were observed in the first growth flushes of infected indicator
plants during biological indexing assays. As a result of Blast analysis, CPsV in the
NCBI GenBank had 98% similarity to nucleotide sequences with corresponding
regions of the reference genomes.

GIRIS

Turunggil tiretimi tilkemizde en 6nemli tarim kollarindan
bir tanesidir. Ulkemiz yaklasik 125 bin hektar alanda yapilan
4.6 milyon ton iiretim ile diinya turuncgil iiretiminde 6nemli
bir yere sahiptir. Bununla birlikte Tiirkiyedeki toplam
tretimin %70’i Cukurova Bolgesinden saglanmaktadir
(TUIK 2017). Diinyada viriis ve viriis benzeri hastaliklar,
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turunggil tarimi tizerinde pek ¢ok olumsuz etkiye sahip
olup, ekonomik anlamda turunggil tiretimini smirlayan en
6nemli faktorlerdendir (Roistacher 1991). Turunggil viriis
hastaliklarindan bir tanesi de Turunggil psorosis viriisii
(CPsV)'nin neden oldugu Turunggil kavlama hastaligidir.

Etmen Ophiovirus cinsi iginde ss-RNA viriisit olup 3 bolmeli
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bir genoma sahiptir (Vaira et al. 2004). CPsV’ye ait partikiiller
ilk kez Derrick et al. (1993) tarafindan tanimlanmig ve
partikiillerin olduk¢a kivrimly, ipliksi yapida ve iki farkli
bigimde olugabilen ayirt edilebilir helezonik iplik¢iklerden
olustugu bildirilmistir. CPsV virionlar zarfsizdir ve 3-4 nm
capindaki dairesel iplik¢ikler halinde oldugu bildirilmistir
(Garcia et al. 1991). Bunlar ti¢ adet tek sarmal, negatif
yapida RNA, RNA polimeraz enzimi ve yaklagik 48 kDa
biyiikligiindeki kilif proteininden (KP)
(Derrick et al. 1988, Garcia et al. 1991). RNA1; 8184 niikleotit

icerir ve komplementer ipligi (vcRNA) gorevi heniiz

olugmaktadir

bilinmeyen 24 kDa biiyiikligiinde bir proteini kodlayan
iki adet agik okuma cergevesi (Open reading frame; ORF)
icerir. RNA2; yaklasik 1644 niikleotit uzunlugundadir ve
54 kDa biiyiikligiinde gorevi hentiz bilinmeyen bir proteini
kodlamaktadir. RNA3 ise; 1377 niikleotit uzunlugunda olup,
kilif proteinini (KP) kodlar (Barthe et al. 1998, Sanchez de la
Torre et al. 1998).Turunggil kavlama hastalig1 Asya, Giiney
Amerika ve Akdeniz tilkeleri de dahil olmak tizere turunggil
yetistirilen tlkelerde ekonomik kayiplara yol agan yaygin
bir turunggil viriis hastaligidir (Roistacher 1993). Turunggil
kavlama hastalig1 etmeninin (CPsV) iki farkli irki oldugu
tanimlanmustir. Bunlardan birincisi hastaligin en ¢ok goriilen
ve kabuk kavlamasinin yalnizca gévde ve ana dallarda ortaya
¢ikan 1rki olan Psorosis A (PsA), ikincisi ise hastaligin daha
siddetli irki olan ve kabuk kavlamalarinin ince dallara
kadar hizli bir sekilde genislemis Psorosis B (PsB) oldugu
arastirmacilar tarafindan bildirilmistir (Fawcett and Klotz
1938, Fawcett and Bitancourt 1943). Turunggil kavlama
hastaliginin turuncgil agaclarinda olusturdugu geng yaprak
simptomlar1 gegici olup yapraklar olgunlagmaya bagladiktan
sonra kaybolmaktadir. Fakat hastaligin siddetli formu olan
PsB varyantinda enfekteli agaglarin olgun yapraklarinda
kalic1 simptomlar olugturmaktadir. Geng yapraklarda olusan
damar bantlagmas: seklindeki simptomlar birleserek olgun
yapraklarda kalict klorotik lekeler meydana getirmekte,
bazen de olgun yapraklarda mese yaprag: desenini koruyacak
sekilde yar1 seffaf alanlar ortaya ¢ikmaktadir (Timmer et
al. 1980, Wallace 1968). Kaliforniyada 6.000 agagta yapilan
survey sonucunda agaglarin %14niin CPsV ile bulagik
oldugu hastaligin tirtinde meydana getirdigi azalma sonucu
%6.5 oraninda bir gelir kaybi olusturdugu tespit edilmistir
(Knorr and Childs 1968). CPsV’nin biyolojik olarak
tanimlanmasinda en uygun indikator bitkilerin Pineapple,
Parson Brown, Hamlin, Koethen ve Madam Vinous
portakal cesitleri oldugu ancak diger turuncgil ¢esitlerinin
de CPsV’nin gen¢ yaprak simptomlarini gelistirebildigi
arastirmacilar tarafindan bildirilmistir (Wallace 1968).
CPsV’nin PsA ve PsB varyantlariin genomik dizilimlerinin

farkliliklarini belirlemek i¢in yapilan bir ¢aliymada biyolojik
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karakterizasyonu gergeklestirilmis P121 ve PsF izolatlar1
kullanilarak Pineapple portakal fidanlari izerine simptomsuz
ve kabuk kavlama simptomlu olarak inokulasyonlar1
gerceklestirilmistir. Inokulasyonu gerceklestirilen bitkilere
yapilan SSCP (Single Strand Conformation Polymorphism)
analizleri sonucunda PsA ve PsB varyantlarinin RNAI1 ve
RNA3 bolgelerinde hicbir farklihk gozlenmez iken SSCP
analizi sonucunda RNA2 boélgelerinde farkhilik oldugu
gozlemlenmis ve PsB varyantinin CPsV’nin RNA2 dizilimi
ile iligkili oldugu belirlenmistir (Velazquez et al. 2012).
Tirkiyede CPsV’nin varlig ilk kez 1963 yilinda Norman
tarafindan Dogu Akdeniz Bolgesinde belirlenmistir
(Norman 1963). Kayim (2010), CPsV’nin biyolojik ve
molekiiler tanilanmasini  gergeklestirmek i¢in  Dogu
Akdeniz Bolgesinde yaptig1 bir ¢aligmada CPsV nin geng
yaprak simptomlarmin varligini indikator bitkiler {izerinde
gozlemlemis ve RT-PCR yontemi ile tanilamis ancak
niikleotid dizilimlerini belirlememistir. Antalya ili turunggil
tiretim alanlarinda yapilan bir ¢alismada yapilan siirveylerde
belirlenen 51 siipheli agagtan alinan yaprak ve siirgiin
ornekleri CPsV ile infekteli olup olmadigini belirlemek
amaciyla Oncelikle DTBIA ve ELISA yontemiyle test
edilmistir. Yapilan testlemelerde 6 6rnegin CPsV ile enfekteli
oldugu saptanmustir ve 6rneklerin total RNA izolasyonu
yapildiktan sonra, CPsV’nin KP geni RT-PCR yo6ntemi
kullanilarak ve sekans analizleri sonucunda belirlenmistir
(Kiititk 2011). Ulkemizde Psorosis hastalig ile ilgili bircok
¢aligma yiirtittilmiis fakat hastaligin varyantlarinin genomik
farkliliklar: ile ilgili higbir ¢alisma yirttilmemistir. Bu
calisma Cukurova Bolgesinde hastaligin farkli varyantlarinin
yayginlik durumunun belirlenmesi ve ayni zamanda bu
izolatlarin genomik farkliliklarnin belirlenmesi amaciyla

yuritalmistiir.

MATERYAL VE METOT
Siirvey ¢alismalar

Calisma Cukurova Bolgesi Adana, Mersin ve Hatay illerindeki
10 dekardan ve 10 yasindan biiyiikk portakal, mandarin ve
altintop bahgelerinde gergeklestirilmistir. Siirvey ¢aligmalar1
bitkilerin aktif siirglin déneminde oldugu ilkbahar ve
sonbahar dénemlerinde yapilmistir. CPsV’nin yaygimliginin
belirlenmesinde hastaligin karakteristik simptomlarindan
olan geng yaprak simptomlari ve kabuk kavlamasi gosteren
agaglar degerlendirilerek hastaligin yayginlik durumu

belirlenmistir.
Biyolojik indeksleme ¢alismalar:

Caliymada kullanilan  turunggil 6rnekleri, Cukurova

Bolgesindeki eski turunggil bahgelerinden CPsV ile bulagik

oldugu tahmin edilen geng yapraklarda damar bantlagmasi
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ve mese yaprag1 deseni simptomlari, kabuk kavlama, siddetli
kabuk kavlama, yasli yaprak simptomlar1 gosteren agaglardan
alinmis ve 6rnekleme her bir agacin farkli yonlerinden tiger
adet siirgiin olacak sekilde gergeklestirilmistir. Calismada
kullanilmig olan indikator bitkiler Pineapple portakal
tohumlarindan yetistirilmistir. Fidanlarin gévde kalinlig:
kalem boyutuna ulastiginda goz ve kabuk agilamas: olarak
inokulasyonlar yapilmistir. Cukurova Bolgesinden toplam
5 adet izolat toplanmis ve her bir izolat icin 3er adet
indikator bitki kullanilarak biyolojik indeksleme ¢aligmasi
gerceklestirilmistir. Indikator bitkiler haftalik olarak yaprak
simptomlar1 ve sok reaksiyonlar1 agisindan gézlemlenmistir.
Bitkiler 2 ay sonra geriye dogru budanmis ve yeni siirgiinlerin
gelismesi saglanarak hastalik belirtileri gozlemlenmeye
calisilmistir. Biyolojik indeksleme ¢aligmalarinda etmenin
bulasik oldugu fidanlarda olusan geng ve olgun yaprak

simptomlar1 baz alinarak degerlendirilmistir.
RT-PCR ¢alismalari

CPsV’nin molekiiler olarak tanilanmasinin ilk agamasinda
araziden sadece gen¢ vyaprak simptomu,yash yaprak
simptomu, gen¢ yaprak simptomu ve kabuk kavlama
simptomunu birarada gosteren farkli turunggil tiirlerinden
(mandarin, portakal, altintop) toplanan 50 farkli izolat
CTAB  (Cetyltrimethylammonium  bromide)
cozeltisi kullanilarak total niikleik asitler (TNA) elde
edilmisgtir (Murray and Thompson 1980). Elde edilen
TNAlardan komplementer DNA (cDNA) sentezi ve PCR
¢aligmalar1 yapilmistir. PCR ¢aligmalari farkli primer giftleri
kullanarak klasik PCR (Barthe et al. 1998) ve Nested-PCR
(Kiuitiik 2011) olarak iki farkl: sekilde gerceklestirilmistir. RT-
PCR ¢aligmalarinda kullanilan primer ciftleri Cizelge 1de
belirtilmektedir.

tampon

Elektroforez calismalar:

Elektroforez ¢alismalart1 %1.5 agaroz jel kullanilarak
gerceklestirilmistir. Boyama islemi etidyum bromiir ¢ozeltisi
ile yapilmis ve jeller UV transilluminator kullanilarak

goriintiilenmistir.
Sekans analizi ve verilerin karsilastirilmast

PCR ve agaroz jel elektroforez galigmalar1 sonucunda pozitif
bulunan 6rnekler, ayni kosullarda RT-PCR uygulanarak
200 pl hacminde ¢ogaltilmistir. Cogaltilan tiim ornekler
saflagtirma ve niikleotid dizilimlerinin belirlenmesi amaciyla
Molgentek (Adana) firmasma gonderilmistir. Firmanin
nitkleotid  dizilimleri belirleme ¢alismalari, gonderilen
etmenlerin “forward” ve “reverse” primerlerine gore iki ayr
sekilde gerceklestirilmistir. Sekanslama islemi tamamlanan
tim Orneklerin baz dizilimleri “Finch TV” 1.4.0”(Geospiza,
Inc.,) programi kullanilarak goriintiilenip, mevcut baz
dizilimleri NCBI (National Center for Biotechnology
Information) veri tabaninda “BLAST” yontemiyle kayitl
bazi organizmalar ile karsilastirilmistir. Filogenetik analiz
¢alismalarinda da DNA dizileri “Mega X” (Molecular
Evolutionary Genetics Analysis, Proprietary freeware)
programi kullanilarak “Neighbour Joining” metodu ile

siniflandirilmstir.

SONUCLAR VE TARTISMA

CPsV  hastaligmin  siirvey  ¢alismalar: ile  yaygmhigimmn

belirlenmesi

Gukurova Bolgesinde bitkilerin aktif siirgin déneminde
oldugu ilkbahar ve sonbaharda yapilan siirveylerde CPsV’nin
karakteristik gen¢ yaprak simptomlarindan olan damar
bantlagmasi ve mese yapragi deseni simptomlarini gésteren

ve kabuk kavlamasi simptomu gosteren agaglar hastalikla

Cizelge 1. Psorosis viriisiiniin RT-PCR ¢alismalarinda kullanilan primer ciftleri

Gogaltilan PCR yontemi
Primerler Sekans Dizilimi (5’-3") Bolge

(bp)
BC76 ATGTCGATCCWATYAAGTSTCAC 1320 bp

Nested-PCR
BC77 TTACATAGTYGMWGCYACCCCAAAG 1320 bp (Kutiik 2011)
BC78 TGCTCCAACAAAGAAATTCCC 350 bp
BC79 TTCTGCCATCTGGAGTGAGGC 350 bp
CPV-1 GCTTCCTGGAAAAGCTGATG 600 bp Klasik-PCR
(Barthe et al. 1998)

CPV-2 TCTGTTTTTGTCAACACACTCC 600 bp
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Sekil 1. Siirvey ¢alismalarinda portakal agacinda

gozlemlenen a) damar bantlagmasi simptomu, b) mese

yapragi goriintiisii simptomu c) kabuk kavlama simptomu

bulagik olarak kabul edilmistir (Sekil 1).

Fawcett (1933) yaptigi bir calismada CPsV’nin kabuk
kavlama simptomlarinin yaninda geng yaprak simptomlarini
da tanimlamigtir. Yapilan bu c¢aliymada da incelenen
agaclarmm CPsV ile bulasik oldugunun belirlenmesinde
hastaligin  karakteristik simptomlar1 olan gen¢ yaprak
simptomlar1 ve kabuk kavlama simptomlar1 baz alinarak
degerlendirmeler yapilmistir. Yapilan arazi ¢aligmalar:
sonucunda Cukurova Bolgesinde toplamda 11.150 aga¢
incelenmis incelenen agaglarin %33 oraninda CPsV ile

bulagik oldugu belirlenmistir (Cizelge 2).

Cizelge 2. CPsV ile bulagik oldugu belirlenen agaglarin %

dagilimlar
Toplam
Ii Portakal Mandarin Altintop Enfeksiyon
(%)
Adana 30 25 10 25
Mersin 50 30 20 36.5
Hatay 35 40 14 37.5
Toplam
Enfeksiyon ~ 38.3 31.3 13.04 33

%

Yapilmis olan bu ¢alismada Cukurova Bolgesinde incelenen
4.100 tane portakal agacinin %38.3’niin, 5.800 mandarin
agacinin %31.3’niin, 1.250 tane portakal agacinin %13.04'niin
CPsV hastalig ile bulagik oldugu hastaligin en ¢ok portakal
tiriinde gorildigi bunu sirasiyla mandarin ve altintop
tiirlerinin izledigi belirlenmistir. Giillii (1989) tarafindan
Dogu Akdeniz Bolgesinde yapilan bir siirveyde ise Navel
cinsi portakallarda %64-80, Satsuma cinsi mandarinlerde
%15.8-31 oraninda CPsV ile bulasik oldugu tespit edilmistir.
Aragtirict yapmis oldugu ¢alismada bolgede aktif stirgiin
doneminde geng yaprak simptomlarinin olduk¢a yogun
oldugunu, ancak olgun yaprak simptomlarinin daha az
gozlendigini o6zellikle siddetli kabuk kavlamasi gozlenen

agaclarda gortldugint bildirmistir. Yapilan bu ¢alismada
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da benzer sonuglar elde edilmistir. Aktif siirgiin déoneminde
geng yaprak simptomlar1 olduk¢a yogun olmakla birlikte
bu simptomlar yapraklar olgunlastiginda kaybolmaktadir.
Kavlama hastalig1 ile bulagik bahgelerde damar bantlagmasi
ve mese yapragl deseni simptomlar1 olduk¢a yogun olarak
bulunmakta olup ayni hastaligin simptomlarindan olan
beneklenmeler ve klorotik lekeler daha az goriilmektedir.
Ayrica psorosis hastaliginin kabuk kavlama simptomu yash
bahgelerde goriilmekle birlikte bu simptomlar geng yaprak

simptomlarina oranla daha azdir.
CPsV hastaligimin biyolojik indeksleme yontemi ile tanilanmasi

Pineapple portakalina doku inokulasyonu yontemi ile
aktarilan CPsV hastaliginin yaklagik iki ay gibi bir siire
sonunda portakal fidanlarinin ug siirglinlerinde hastaligin
karakteristik 6zelligi olan sok reaksiyonlar1 gozlenmistir.
Ayrica geng yapraklarda damarlar tizerinde agik renkli damar
bantlagmasi ve mese yapragi goriintiisii gozlemlenmistir.
Yash vyapraklarda ise yapragin st kisminda diizensiz
klorotik lekeler ve arka kisminda kahverengi kalic1 zamkl
lekelerin varligi belirlenmistir (Sekil 2). Geng yapraklar
tizerinde gelisen simptomlarin biyitkk boliimii yapraklar
olgunlastiginda kaybolmuslardir. Negatif kontrol olarak
birakilan saglikli Pineapple fidanlarinda CPsV’nin geng

yaprak simptomlarina rastlanmamuistir.

Sekil 2. Psorosis viriisiiniin Pineapple portakal ¢esidinde
biyolojik indeksleme ¢aligmalari sonucunda gozlemlenen
a) sok reaksiyonu, b) gen¢ yapraklarda damar bantlagmasi
simptomu, ¢) geng yapraklarda mese yapragi deseni
simptomu, d) yasl yapraklarda klorotik lekeler, ) yash
yapraklarin arka kisminda zamkl kabarciklar

Kaymm (2010) tarafindan Dogu Akdeniz Bolgesinde
CPsV'nin biyolojik indeksleme yontemiyle tanilanmasini

gerceklestirmek icin yapilan bir ¢aliymada bir yasindaki
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portakal fidanlarina Adana, Mersin, Kozan bélgelerindeki
hastalikla bulagik oldugu bilinen agaglardan alinan 6rneklerin
inokulasyonu sonucunda indikator bitkilerin geng yapraklar:
tizerinde damar bantlagmasi, beneklenme ve mese yaprag:
gorintlisi  simptomlarini  gozlemledigini  bildirmistir.
Yapilan bu ¢aliyjmada da Cukurova Bolgesinde CPsV’nin
geng yaprak simptomlari, kabuk kavlama simptomlari, yash
yaprak simptomlar1 gosteren agaglardan alinan ornekler
ile yapilan biyolojik indeksleme ¢alismalarinda geng
yapraklarda damar bantlagmasi ve mese yapragi goriintiisii
Siddetli kabuk kavlama

simptomu sergileyen agaglardan alinan 6rnekler Pineapple

simptomlar1  gozlemlenmigtir.

indikator bitkilerinde geng yaprak simptomlarmin yan
sira olgun yaprak simptomlar: da gelistirmistir. Daha 6nce
yapilan ¢alismalarda gen¢ yaprak simptomlarinin PsA ile
ilgili bulunurken olgun yapraklarin arka ytizeyinde gelisen
hafif zamkli yag lekelerinin PsB tarafindan olusturuldugu
bildirilmistir (Fawcett and Bitancourt 1943, Veldzquez
et al. 2012). Yapmis oldugumuz biyolojik indeksleme
¢alismalarinda da benzer sonuglar elde edilmistir. Araziden
alinan ve olgun yaprak simptomlar1 gostermeyen agaglardan
yapilan biyolojik indeksleme sonucunda Pineapple indikator
bitkilerinin yapraklarinda sadece damar bantlagmasi
seklinde gen¢ yaprak simptomlar1 gézlenmistir (Sekil 2b).
Araziden alman ve kabuk simptomlari yaninda olgun
yapraklarda Turunggil kavlama hastaliginin simptomunu
sergileyen agaglardan yapilan indeksleme ¢aligmasi
sonucunda indikator bitkilerde 6nce damar bantlagmasi
seklinde geng yaprak simptomlar1 daha sonra yapraklarin
arka ytizeyinde gelisen zamk belirtileri ve lekelenmeler
gozlenmistir (Sekil 2e). Kabuk kavlama simptomlarinin PsA
ve PsB sendromlariyla ilgili oldugu, ancak PsB sendromunun
bolgemizde yaygin olarak bulunmadigi, hafif siddette
gelisen kabuk kavlamalar1 ve geng yaprak simptomlar: ile
iligkilendirilen PsA sendromunun bélgemizde daha yogun
bulundugu yapilan siirvey ¢alismalar1 ve biyolojik indeksleme

¢aligmalar1 sonucunda belirlenmistir.
CPsV’nin RT-PCR ¢alismalari ile tamlanmast

Yapilan RT-PCR ¢aligmalarinin sonucunda CPV-1/CPV-
2 primer ifti ile ¢ogaltilan 6rneklerde 600 bplik (Sekil
3), BC78/BC79 primer cifti ile ¢ogaltilan 6rneklerde 350
bp (Sekil 4) bant olusumu gozlemlenmistir. Araziden
alman o6rneklerde yukarida verilen baz uzunlugunda bant
olusumlar1 hastalik etmenini tagidig1 kabul edilerek pozitif
olarak degerlendirilmigtir. CPsV’nin farkli turunggil izolatlar1
kullanilarak yapilan RT-PCR ¢aligmalarindan elde edilen jel
gortintiileri agsagida Sekil 3 ve Sekil 4 de yer almaktadir.

Cukurova Bolgesi turunggil bahgelerinden CPsV ile bulagik

oldugu diistiniilen agaglardan alman 6rneklerle farkli primer
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Sekil 3. CPsV’ye ait RT-PCR iiriinlerinin elektroforez
jel goriintiisii, M: Markor (100 bp), 1-2-3-4-5-6: Pozitif
ornekler, K-: Negatif Kontrol, K+: Pozitif Kontrol

Sekil 4. CPsV’ye ait RT-PCR iiriinlerinin elektroforez jel
gorintiisii, M: Markér (100 bp) 1-2-3-4: Pozitif 6rnekler,
K-: Negatif Kontrol, K+: Pozitif Kontrol

giftleri kullanilarak gergeklestirilen RT-PCR ¢aligmalarinda,
toplanan 50 ornegin 35nin CPsV ile bulasik oldugu
belirlenmigtir. Kullanilan primer ciftlerinden CPV-1/CPV-
2 ve BC78/BC79 etmenin rutin tanilamasinda her zaman
bagarili sonuglar vermistir. RT-PCR sonucunda en iyi sonug
veren Ornekler siddetli kabuk kavlamasi ve geng¢ yaprak
simptomu olusturan 6rnekler olmustur. Bu sonug Cukurova
Bolgesindeki tiim iller i¢in gegerlidir. Sadece geng yaprak
simptomu olugturan 6rneklerden alinarak yapilan RT-PCR
calismalari, kabuk kavlamasi simptomu gosteren agaglardan
alian 6rneklerle yapilan RT-PCR ¢aligmalar1 kadar iyi sonug
vermemistir. CPsV konsantrasyonunun kabuk kavlamas:
olusturmayan agaglarda kabuk kavlamasi simptomu gosteren
agaglardan daha az yogunlukta olmasindan kaynaklandigi
distinilmektedir. Barthe et al. (1998) tarafindan CPsV’nin
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kilif protein geni dizisini belirlemek igin yapilan bir
¢alismada Dbiyolojik karakterizasyonu yapilmis, CPV-4
ve CPV-6 izolatlar1 RT-PCR analizinde CPV1 ve CPV2
primer cifti kilif protein geninin 654 ve 1253 niikleotidleri
arasindaki 600 bplik alani ¢ogaltmak icin tasarlanmuigtir.
Arastiricilarin yaptiklar1 RT-PCR galigmalarinda 600 bp
seviyesinde kilif protein bantlarini elde etmislerdir. Barthe et
al. (1998) tarafindan kilif protein gen dizisini belirlemek i¢in
tasarlanan primer ciftinin kullanildig (CPsV-1/ CPsV-2) bu
¢alismada da araziden toplanan ve geng yaprak simptomlar1
ve kabuk kavlamasi simptomlari sergileyen agaglardan alinan
ornekler RT-PCR sonucunda 600 bplik kilif protein geni
elde edilmistir (Sekil 3). RT-PCR ¢aligmalarinda araziden
toplanan 50 Ornek icinde sadece gen¢ yaprak simptomu
sergileyen agaglardan alinan 6rneklerden bir kismi oldukga
zayif bant olustururken, kabuk kavlamasi simptomu geligtiren
agaglardan alinan orneklerin hepsi 600 bp seviyesinde kilif

proteinine ait bant gelisimi gostermistir.

Kitik (2011), Antalya ilinin farkli turunggil iretim
alanlarindan alinan turunggil 6rnekleri ile yapmus olduklar:
bir ¢aligmada kilif protein geni belirlemek i¢in BC76/BC77
primeriftlerinikullanmiglardir. Dahasonraeldeettigitiriinler
ile BC78/BC79 primer iftlerini kullanarak nested-PCR ile
genin 759 ve 1139 niikleotidleri arasindaki bolgeyi tanilamak
i¢in ¢ogaltmiglardir. Yapilan analizler sonucunda 51 6rnegin
45 tanesinde 350 bplik bant elde etmiglerdir. CPsV’nin
belirlenmesinde ~ 6rnekleme zamanina bakilmaksizin
hastaligin etkin bir sekilde tanilandigini bildirmislerdir. Bu
calismada da nested-PCR gergeklestirilmis ve BC78/BC79
primer gifti kullanilmistir. RT-PCR sonucunda 350-400 bp’lik
kilif protein geni elde edilmis (Sekil 4), ¢ogaltilmis ve sekans
analizine gonderilmistir. Caliymada kullanilan geng ve olgun
turunggil yapraklarindan yapilan analizlerde benzer sonuglar
elde edilerek araziden alinan 6rneklerin 35 tanesinde 350 bp

seviyesinde pozitif sonug elde edilmistir.

Nested-PCR sonucunda %2 agaroz jelde elde edilen bantlar
klasik RT-PCR ¢alismalarina oranla daha belirgin bir bant

olusumu sergilemistir (Sekil 4).
Filogenetik analiz ¢calismalari

Bu c¢aliymada, niikleotid dizilim analizleri ve yapilan

filogenetik ¢aligmalar sonucunda diinyada turunggil
yetistirilen bolgelerde olduk¢a yaygin bulunan bir viris
hastalig1 olarak CPsV’nin farkli turunggil tiirlerinden alinan
drneklerin RNA3 bolgesinin (kihf protein geni) Ispanya
izolatlar1 (Gen Bankasi Erisim No:AM235981) ile %96
oraninda benzerlik gosterdigi, Florida izolatlar1 (Gen Bankasi
Erisim No:AF036338) ile %98 oraninda benzerlik gosterdigi
(Sekil 5) belirlenmistir. Bu ¢aliymada ele alinan Cukurova

Bolgesi izolatlarinin da birbiri ile %98’in {izerinde benzerlik

96

Antalya CPsV 16-1
Antalya 29-2

KM206785 CPsV-CP Egypt
L. AY194891 CPSV-CP Haly

AN235981.1 Spain CPsV-CP
Adana CPsV CP1
Hatay CPsV-CP
Mersin CPsV CP
AF036338 Florida CPsV-CP

MG673940 China CPsV-CP

Sekil 5. Niikleotid dizilim analizleri ve yapilan filogenetik
caligmalar sonucunda farkli turuncgil tirlerinden alinan
orneklerin kilif protein (RNA3) bolgesinin diinyadaki

farkli izolatlarla karsilastirilmasi

gosterdigi filogenetik analiz sonucunda ortaya konmustur.
Turunggil kavlama hastalig1 ¢ok uzun yillardir bilinmesine
ragmen etmenin molekiiler tanist 2000°li yillardan sonra
gerceklestirilebilmistir. Bu nedenle bu zamana kadar benzer
yaprak simptomlar1 gosteren pek ¢ok hastalik etmeni
psorosis grubu hastaliklar olarak bu gruba eklenmistir.
Ancak molekiiler tan1 yonteminin devreye girmesi ile grup
iginde yer alan ve benzer yaprak simptomlar: sergileyen
hastaliklar bu gruptan ayrilmistir. Giiniimiizde Turunggil
kavlama hastalig1 geng yapraklarda aktif siirgiin doneminde
gelistirdigi damar bantlagmas: simptomlar: ve genellikle as1
birlesme noktasindan baglayarak ilerleyen kabuk kavlamalar1
ile makroskobik olarak teshis edilebilen etmeni CPsV
olarak degerlendirilen bir hastaliktir. Yiirtitiilen bu ¢aliyma
sonucunda Turuncgil kavlama hastaliginin  Cukurova
Bolgesinde yaygin bir hastalik oldugu, ancak kabuk
kavlamas: simptomu olusturan ve yash yapraklar tizerinde
olgun yaprak simptomlar: sergileyen siddetli irklarinin gok
eski yetistiricilik alanlarinda bulundugu belirlenmistir. Yag:
20’nin altindaki geng turunggil bahgelerinde etmenin kabuk
kavlama simptomunu goérmek miimkiin degildir ancak
geng yaprak simptomlarini her yasta taze siirgiinlerde yer
alan yapraklarda gérmek miimkiindiir. Caligma sonucunda
CPsV’nin

molekiiler, biyolojik indeksleme ve arazi simptomlart ile tanist

bolgemiz turun¢gil bahgelerinde bulunan
gerceklestirilmistir. Hala sertifikali fidan yetistiriciligine
gecememis olan bolgemizde, CPsV onemli bir hastalik
etmeni olarak vyetistiricilik alanlarinda yer almaktadur.
Molekiiler tanilamanin sertifikasyon programlarinda ve
saglikli turunggil fidan yetistiriciliginde mutlaka kullanilmasi
gereken bir yontem olarak ele alinmasi ve primer se¢iminde
dikkatli olunmasi gerekmektedir. Rutin tamilamada kilif
protein bolgesinin kullanilmasi hastaligin tanilanmasinda

basarili sonuglar elde edilmesini saglamaktadir.
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OZET

Bu c¢alismada, Cukurova Bolgesinde Turunggil kavlama
hastalig1 etmeni Citrus psorosis virus (CPsV)'nin portakal,
mandarin ve altintop bahgelerinde yayginligi belirlenmis,
bitki
karakterizasyonu yapilmistir. CPsV izolatlarinin arasindaki

alman orneklerinin  biyolojik ve molekiiler
farkliliklar niikleotid dizilimleri analiz edilerek belirlenmistir.
CPsV'nin tanilanmasi ve karakterizasyonu igin 50 farkl
turuncgil agacindan siddetli kabuk kavlama lezyonu ve
geng yapraklarda damar bantlagmasi, mege yapragi deseni
simptomu, yash yaprak simptomlar1 gosteren farkls izolatlar
toplanmistir. Toplanan ornekler RT-PCR ¢aligmalariyla
analiz edilmistir. Kullanilan farkl primer ¢iftleri ile CPsV’nin
kilif protein bolgesi belirlenmistir. Yapilan biyolojik

indeksleme ¢aligmalarinda ise tohumdan vyetistirilen
Pineapple portakal (Citrus sinensis) fidanlarina CPsV’nin
inokulasyonu yapilmis ve enfekteli indikator bitkilerin ilk
gelisen siirgiinlerinde CPsV’nin damar bantlasmas: ve sok
simptomlar1 gozlemlenmistir. Blast analizi ve NCBI gen
bankasindaki CPsV’nin referans genomlarinin kargilik
gelen bolgeleri ile niikleotid dizilimlerinin %98 oraninda

benzerlige sahip oldugu belirlenmistir.

Anahtar kelimeler: turunggil, CPsV, RT-PCR, biyolojik

indeksleme, Tiirkiye
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In this study, 29 aphid species were determined on some weeds grown in
Atatiirk University Campus (Erzurum) between July and August in years
2017-2018. Defined species included in 10 different genus of Aphididae were
sampled from 32 different plant species belonging to 14 families. Among these
determined species, Uroleucon taraxaci (Kaltenbach, 1843) had been identified
as the new record for Turkey aphid fauna. With this new record, the number of
species included in the aphid fauna of Turkey had increased to 571. The aphids

biodiversity of Turkey shows the richness due to intercontinental transition
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region, geographical regions with different climates and diversity of flora. The
result of this study clearly indicated the importance of such local studies for

determination of the aphid fauna of Turkey.

GIRIS

Afitler tlkemizde ve diinyanin birgok yerinde bitkilere
dogrudan zarar vermeleri ve bitki hastaliklarinin tasiyicist
olmalarindan dolayr ekonomik oneme sahip bdceklerdir.
Afitlerin yayilmer tiir potansiyelleri ve kiiresel iklim
degisikliklerini lehlerine cevirebilme potansiyelleri, iireme
ve ¢ogalma stratejileri ile ekolojik ¢aligmalarda model
organizma olmalar1 nedeniyle oldukga dikkat ¢ekici bir grup
olduklar1 digiiniilmektedir (Goriir et al. 2019a). Cok kisa
zamanda yiiksek popiilasyon artisina neden olan sira dis1 bir

yasam dongiileri vardir. Yil i¢inde gok sayida nesile ulagirlar.
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Afitlerin en 6nemli Ozelliklerinden biri alarm feromonu
salgilayan borucuklarinin olmasidir. Aniis yoluyla fazla bitki
6z suyu ve sekerli maddeleri digari atar ve digkilar1 tathmsidir.
Bu ylizden bitki yiizeyi yapisgkan bir hal alir. Sekerli
maddelerden karincalar ve saprofit mikroorganizmalar
beslenirler. Beslenme sirasinda salgilarindan ve emgiden
dolay1 yapraklarda kivrilma, ¢igek tomurcuklarinda
sertlesme meydana gelerek cicek ve yapraklarda tahribata
neden olmaktadirlar. Emgileri sirasinda bagta viriisler olmak

iizere bitki hastalik etmenlerini tagimaktadirlar. Ulkemizde
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afit faunasiyla ilgili ilk ¢aligmalar Trotter (1903), Fahringer
(1922), Houard (1922) ve Bodenheimer and Swirsky (1957)
gibi yabanci aragtirmacilar tarafindan yapilmistir. Diizgiines
ve Tuatay (1956) Tiirkiye afitleriyle ilgili ilk kapsamli
faunistik ¢aligmay1 yapmuislardir. Daha sonralar giiniimiize
kadar afitlerle ilgili ¢ok sayida arastirici tarafindan birgok
calisma yapilmustir (Canakgioglu 1966, 1975, Tuatay and
Remaudiere 1964, Giray 1974, Yigit et al. 1982, Erkin 1983,
Yumruktepe ve Uygun 1994, Tuatay 1999, Uygun et al. 2001,
Toros et al. 2002, Oztiirk ve Ulusoy 2003, Goriir 2004, Aslan
2004, Sahbaz 2005, Unal ve Ozcan 2005, Ozdemir et al. 2005,
Altay ve Uysal 2005, Akyiirek 2006, $ahin 2007, Demirézer
2008, Narmanlioglu ve Giiglii 2008, Cirakli et al. 2008, Eser
2009, Gortir et al. 2009, Toper Kaygin et al. 2009, Tepecik
2010, Guncan et al. 2010, Sangiin 2010, Goriir et al. 2011,
Zeybekoglu et al. 2011, Hazir et al. 2011, Culcu ve Mart 2015,
Senol et al. 2015, Ozdemir and Barjadze 2015, Kok et al.
2016, Kuloglu et al. 2017, Bayindir Erol et al. 2018, Goriir et
al. 2019b, Kok ve Kasap 2019).

Tiirkiye, kitalar arasinda gegis bolgesi olmasi, farkli iklim
tiplerinin goriilmesi, verimli tarim topraklarina sahip olmasi
ve endemik bitki tiir sayisinin fazlaligi gibi sebeplerden
dolay1 afit faunasinin zengin olmasi beklenen bir iilkedir.
Giintimiize kadar yapilan ¢aligmalar sonucunda Tiirkiye afit
faunasi 570 tiirle temsil edilmeye baslanmistir (Goriir et al.
2020). Atatiirk Universitesi Kampiisii aragtirma sahasi olarak
secilmis ve buradaki afit tirleri ile konuk¢u bitkilerinin

belirlenmesi amaglanmigtir.

MATERYAL VE METOT

Calismanin  yapildigi alan olarak Atatiirk Universitesi
Kampiisti (Erzurum) segilmistir. Bu alan igerisinde bulunan
ve dogal olarak yetisen yabanci otlar ve bazi yem bitkileri
tizerinde bulunan afitler 6rneklenmeye caligilmigtir. 2017
ve 2018 yillarinda afit popiilasyonlariimn yogun gériildiigii
temmuz-agustos aylarinda tiim alandaki bitkiler temsilen
taranmig ve Uzerinde afit tespit edilenlerden 6rneklemeler
yapilmustir. Afitler %80’lik etil alkol bulunan Ependorf
tiiplerinin icerisine konulmuslardir. Ornekleme yapilirken
miimkiin oldugu oranda afitin bitkinin hangi kisminda
beslendigi, koloni yogunlugu, afitlerin bitki tizerindeki
renkleri gibi 6zellikleri de not alinarak fotograflar1 gekilmistir.
Ayrica, konuk¢u bitki orneklerinin de herbaryumlar:
yapilmis ve teshise hazir hale getirilmistir. Bu oOrnekler
Atatiirk Universitesi, Ziraat Fakiiltesi, Bitki Koruma Bélimi
Herbaryumu'nda muhafaza altina alinmiglardir. Orneklerin
preparasyonlart Martin (1983)de belirtilen prensiplere gore
yapilmustir.
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SONUCLAR VE TARTISMA

Arastirma sahasinda 29 tir (Cizelge 1) tespit edilmistir.
Aphididae’nin 10 farkl: cinsi igerisinde yer alan bu tiirler, 14
familyaya mensup 32 farkli bitki tirii (Cizelge 2) tizerinden
orneklenmiglerdir. Tirlerin Diinyadaki ve Tiirkiyedeki
dagilimlar1 ile incelenen materyalin bilgileri asagida

verilmistir.

Familya: Aphididae

1. Altfamilya: Aphidinae

Tribus: Aphidini- Aphidina

Aphis Linnaeus, 1758

Aragtirma alaninda bu cinse ait 11 tiir saptanmugtr.
Aphis asclepiadis Fitch, 1851

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Aphis asclepiadis 20.VI11.2018 tarihinde Cephalaria syriaca L.

(Dipsacaceae) (pelemir) tizerinden 6rneklenmigtir.

Diinyadaki dagilimi: ABD, Arjantin, Brezilya, Kanada,
Kazakistan ve Peru (Blackman and Eastop 2019).

Tiirkiyedeki dagilimi: Aphis carduella adiyla Samsundan
kayt verilmistir (Goriir et al. 2012).

Aphis cirsiphila Pashtshenko, 1992

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Aphis cirsiphila 15.VI1.2018 tarihinde Cirsium arvense (L.)

Scop. (Asteraceae) (koygogiiren) tizerinden 6rneklenmistir.

Diinyadaki dagilimi: Rusya (Blackman and Eastop 2017) ve
Sibirya (Blackman and Eastop 2019).

Tirkiyedeki  dagilima:
(Gortir et al. 2018).

Adiyaman-Besni-Tashyazi  Koyi

Aphis craccivora Koch, 1854

Incelenen materyal: Calisma kapsaminda elde edilmis
olan Aphis craccivora 13.VIIL.2017 tarihinde Cichorium
intybus L. (Asteraceae) (hindiba), Chenopodium album
L. (Amaranthaceae) (sirken otu), Sonchus oleraceus L.
(Asteraceae) (esek marulu); 15.VII.2017 ve 19.VIL.2018

tarihlerinde Medicago sativa L. (Fabaceae) (yonca);
29.VIIL.2017 tarihinde Melilotus officinalis (L.) Pall.
(Fabaceae) (sar1 tagyoncasi), Conyza canadensis L.

(Asteraceae) (sifa otu); 23.VIL.2018 tarihinde Cephalaria
syriaca L. (Dipsacaceae) (pelemir), Onobrychis sativa L.

(Fabaceae) (korunga) tizerinden 6rneklenmistir.
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Cizelge 1. Atatiirk Universitesi Kampiisii (Erzurum)’nde belirlenmis olan afit tiirlerinin listesi

Familya  Alt familya Tribus Cins

Tir

Aphididae Aphidinae Aphidini Aphis

Macrosiphini  Ammiaphis

Brachycaudus

Brevicoryne

Hayhurstia

Macrosiphoniella

Macrosiphum
Nearctaphis

Uroleucon

Chaitophorinae  Atheroidini Sipha

Aphis asclepiadis Fitch, 1851

Aphis cirsiphila Pashtshenko, 1992
Aphis craccivora Koch, 1854

Aphis fabae Scopoli, 1763

Aphis gossypii Glover, 1877

Aphis grossulariae Kaltenbach, 1843
Aphis matricariae Haliday, 1834

Aphis maulensis Mier Durante & Garcia Tejero,
2016

Aphis nasturtii Kaltenbach, 1843

Aphis spiraecola Patch, 1914

Aphis verbasci Schrank, 1801

Ammiaphis sii Koch, 1855

Brachycaudus cardui Linnaeus, 1758
Brachycaudus divaricatae Shaposhnikov, 1956
Brachycaudus helichrysi Kaltenbach, 1843
Brachycaudus lateralis Walker, 1848
Brachycaudus tragopogonis Kaltenbach, 1843
Brevicoryne crambe Bozhko, 1950
Brevicoryne nigrisiphunculata Hodjat, 1981
Hayhurstia atriplicis Linnaeus, 1761

Macrosiphoniella tapuskae Hottes&Frison, 1931

Macrosiphum euphorbiae Thomas, 1878
Nearctaphis bakeri Cowen, 1895

Uroleucon aeneum Hille Ris Lambers, 1939
Uroleucon ambrosiae Thomas, 1878
Uroleucon combasitae Theobald, 1915
Uroleucon sonchi Linnaeus, 1767
*Uroleucon taraxaci Kaltenbach, 1843

Sipha maydis Passerini, 1860

*Tuirkiye afit faunasi igin yeni kayit
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Cizelge 2. Belirlenen afit tiirlerinin konuk¢u dagilimlar:

Konukgu bitki
Afit tiirleri
Tiir Familya
Aphis asclepiadis Fitch, 1851 Cephalaria syriaca L. Dipsacaceae
Aphis cirsiphila Pashtshenko, 1992 Cirsium arvense (L.) Scop. Asteraceae
Aphis craccivora Koch, 1854 Medicago sativa L. Fabaceae
Cichorium intybus L. Asteraceae
Chenopodium albiim L. Amaranthaceae
Sonchus oleracceus L. Asteraceae
Melilotus officinalis (L.) Pall. Fabaceae
Conyza canadensis L. Asteraceae
Cepholaria syriaca L. .
Onobrychis sativa L. Dipsacacea
Fabaceae
Aphis fabae Scopoli, 1763 Cichorium intybus L. Asteraceae
Apbhis gossypii Glover, 1877 Cirsium arvense (L.) Scop. Asteraceae
Rumex crispus L. Polygonaceae
Aphis grassulariae Kaltenbach, 1843 Epilobium angustifolium L. Onagraceae
Aphis matricariae Haliday, 1834 Tripleurospermum oreades Boiss. Asteraceae
Aphis maulensis Mier Durante&Garcia Tejero, 2016 Euphorbia virgata Waldst. & Kit. Euphorbiaceae
Aphis nasturtii Kaltenbach, 1843 Chenopodium albiim L. Amaranthaceae
Melilotus officinalis (L.) Pall. Fabaceae
Apbhis spiraecola Patch, 1914 Cirsium arvense (L.).Scop. Asteraceae
Aphis verbasci Schrank, 1801 Verbascum chiranthifolium Boiss. Scrophulariaceae
Ammiaphis sii Koch, 1855 Falcaria vulgaris Bernh. Apiaceae
Brachycaudus cardui L., 1758 Cirsium arvense (L.) Scop. Asteraceae
Echium vulgare L. Boraginaceae
Brachycaudus divaricatae Shaposhnikov, 1956 Silene vulgaris (Moench) Garcke. Caryophyllaceae
Brachycaudus helichrysi Kaltenbach, 1843 Anchusa leptophylla Roem.&Schult. Boraginaceae
Anchusa sp. Boraginaceae
Centaurea solstitialis L. Asteraceae
Brachycaudus lateralis Walker, 1848 Cirsium arvense (L.) Scop. Asteraceae
Brachycaudus tragopogonis Kaltenbach, 1843 Tragopogon dubius Scop. Asteraceae
Brevicoryne crambe Bozhko, 1950 Crambe orientalis L. Brassicaceae
Brevicoryne nigrisiphunculata Hodjat, 1981 Crambe orientalis L. Brassicaceae
Hayhurstia atriplicis L., 1761 Chenopodium vulgare Gueldenst. ex Ledeb. Chenopodiaceae
Macrosiphoniella tapuskae Hottes&Frison, 1931 Artemisia splendens Willd Asteraceae
Macrosiphum euphorbiae Thomas, 1878 Cerinthe minor Boraginaceae
Nearctaphis bakeri Cowen, 1895 Trifolium pratense L. Fabaceae
Trifolium sp. Fabaceae
Trifolium repens L. Fabaceae
Uroleucon aeneum Hille Ris Lambers, 1939 Sonchus oleraceus L. Asteraceae
Uroleucon ambrosiae Thomas, 1878 Centaurea solstitialis L. Asteraceae
Uroleucon compositae Theobald, 1915 Sonchus oleraceus L. Asteraceae
Uroleucon sonchi Linnaeus, 1767 Chondrilla juncea L. Asteraceae
Uroleucon taraxaci Kaltenbach, 1843 Taraxacum officinale L. Asteraceae
Sipha maydis Passerini, 1860 Elytrigia repens L. Poaceae
Bromus inermis Leyss. Poaceae
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Diinyadaki dagilimi: Kozmopolit bir tiirdiir (Bodenheimer
and Swirski 1957).

Tiirkiyedeki dagilimi: Adana, Antalya, Ankara, Aydin,
Balikesir, Bolu,
Erzincan, Giresun, Hatay, [stanbul, Manisa, Mersin, Nigde,
Urfa ve Van (Gortir et al. 2012, Karacaoglu et al. 2017, Toros
et al. 2002).

Bursa, Burdur, Diyarbakir, Erzurum,

Aphis fabae Scopoli, 1763

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Aphis fabae 12.VI1.2017 tarihinde Cichorium intybus L.

(Asteraceae) (hindiba) tizerinden 6rneklenmistir.

Diinyadaki dagilimi: Tropiklerin ve Orta Dogunun sicak
bolgeleri hari¢ genellikle tiim diinyada yayilis gosterirler
(Blackman and Eastop 2000).

Tiirkiyedeki dagilimi: Neredeyse her bolgede yogun bir
yayilis gosterir (Aslan ve Uygun 2005, Bodenheimer and
Swirski 1957, Canakgioglu 1975, Toros et al. 2002, Tuatay
1993, Tuatay and Remaudiere 1964).

Aphis gossypii Glover, 1877

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Aphis gossypii 13.VIL.2018 tarihinde Cirsium arvense (L.)
Scop. (Asteraceae) (koygogiiren); 20.VIL.2018 tarihinde ise
Rumex crispus L. (Polygonaceae) (kivircik labada) tizerinden

orneklenmistir.

Diinyadaki dagilimi:  Kuzey Afrika,
Yarimadasi, Avusturya, Azerbaycan, Belgika, Bulgaristan,
Cek  Cumbhuriyeti,

Giircistan, Irak, iran, Ingiltere, Italya, Kafkasya, Kibris, Misir,

Almanya, Arap

Danimarka, Ermenistan, Fransa,

Romanya, Rusya ve Suriye (Onder et al. 2011).

Tiirkiyedeki dagilimi: Adana, Ankara, Artvin, Adiyaman,
Aydin, Batman, Denizli, Diyarbakur, Elazig, Erzurum, Hatay,
Istanbul, Kayseri, Karabiik, Konya, Mersin, Mardin, Nigde,
Rize, Samsun ve Trabzon (Akyildirim et al. 2011, Akytirek
2006, Altay ve Uysal 2005, Cirakli et al. 2008, Cota 2007,
Eser 2009, Hazir et al. 2011, Gortir 2004, Olmez—Bayhan et
al. 2003, Olmez-Bayhan et al. 2011, Ozdemir ve Toros 1997,
Sahin 2007, Tepecik 2010, Yoldas et al. 2011).

Aphis grossulariae Kaltenbach, 1843

Incelenen materyal: Calisma kapsaminda elde edilmi
olan Aphis grossulariae 20.VIL.2018 tarihinde Epilobium
angustifolium L. tizerinden

(Onagraceae) (yakiotu)

orneklenmistir.

Diinyadaki dagilimi: Avrupa, Amerika ve Kazakistan (Onder
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etal. 2011).

Tiirkiyedeki dagilimi: Ankara, Artvin ve Van (Onder et al.
2011).

Aphis matricariae Haliday, 1834

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Aphis matricariae 25.VII1.2017 tarihinde Tripleurospermum
(Boiss.) (hoshos otu)

orneklenmistir.

oreades (Asteraceae) tizerinden

Diinyadaki dagilimi: Afro-Tropikal Bolge, Nearktik Bolge,
Neotropikal Bolge ve Palaearktik Bolge (Achterberg 2017).

Tiirkiyedeki Adana,
Bilecik, Diyarbakir, Edirne, Hatay, Izmit, Igel, Izmir ve

dagilimr: Adapazari,  Bursa,
Kahramanmarag (Cetin Erdogan et al. 2008). Corum (Cetin

Erdogan et al. 2010).
Aphis maulensis Mier Durante & Garcia Tejero, 2016

Incelenen materyal: Calisma kapsaminda elde edilmis
olan Aphis maulensis 17.VI1.2018 tarihinde Euphorbia
virgata Waldst. & Kit. (Euphorbiaceae) (¢ubuksu siitlegen)

tizerinden 6rneklenmistir.
Diinyadaki dagilim: $ili (Blackman and Eastop 2019).

Tiirkiyedeki Ddagilimi: Adiyaman ve Malatya (Goriir et al.
2018).

Aphis nasturtii Kaltenbach, 1843

Incelenen materyal: Calisma kapsaminda elde edilmis
Aphis 13.VII1.2017-22.VII1.2017
tarihlerinde Melilotus officinalis (L.) Pall. (Fabaceae) (sar1
tagyoncast); 16.VIL.2018 tarihinde Chenopodium album L.

olan nasturtii

(Amaranthaceae) (sirken) tizerinden 6rneklenmistir.

Diinyadaki dagilimi: ABD, Bati ve Kuzey Avrupa, Trans-
Kafkasya ve Orta Asya Rusya (Holman 2009).

Tirkiyedeki dagilimi: Ankara, Bolu, [zmir, Isparta ve
Erzurum (Giray 1974, Ozdemir 2004, Yigit et al. 1982).

Aphis spiraecola Patch, 1914

Incelenen materyal: Caligma kapsaminda elde edilmis olan
Aphis spiraecola 16.VI1.2018 tarihinde Cirsium arvense (L.)
Scop. (Asteraceae) (koygogiiren) tizerinden 6rneklenmistir.

Diinyadaki dagilimi: Kuzey Amerika, Brezilya ve Japonya
(Anonymous 2019).

Tirkiyedeki dagilimi: Adana, Ankara, Bartin, Hatay, [stanbul,
Kahramanmarag ve Nigde (Aslan 2004, Bayindir 2003, Cota
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2007, Diizgiines et al. 1982, Olmez 2000, Toros et al. 2002,
Tuatay 1993, Tuatay and Remaudiere 1964, Yumruktepe ve
Uygun 1994).

Aphis verbasci Schrank, 1801

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Aphis verbasci 13.VII1.2017 ve 21.VIL.2018 tarihlerinde
Verbascum

cheiranthifolium  Boiss. (Scrophulariaceae)

(bozkulak otu) tizerinden 6rneklenmistir.

Diinyadaki dagilimr: Kuzey Afrika, Kuzey Hindistan, Orta
Asya, Orta Dogu ve Rusya (Anonymous 2019).

Tiirkiyedeki dagilimi: Ankara, Artvin (Seyitler), Balikesir
(Erdek), Bolu, Bitlis (Asagikol), Elazig ve Tunceli (Pertek)
(Canakgioglu 1975, Ozdemir 2004, Tuatay ve Remaudiere
1964).

Tribe: Macrosiphini

Ammiaphis Borner, 1952

Arastirma alaninda bu cinse ait 1 tiir saptanmustir.
Ammiaphis sii (Koch, 1855)

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Ammiaphis sii 16.VIIL.2018 tarihinde Falcaria vulgaris

Bernh. (Apiaceae) (orakotu) tizerinden 6rneklenmistir.

Diinyadaki dagilimi: Almanya, Iran, Kafkasya ve Polonya
(Ozdemir 2004).

Tiirkiyedeki dagilimi: Ankara (Akyurt) (Ozdemir 2004).
Brachycaudus van der Goot, 1913

Aragtirma alaninda bu cinse ait 5 tiir saptanmugtir.
Brachycaudus cardui (Linnaeus, 1758)

Incelenen materyal: Calisma kapsaminda elde edilmis
olan Brachycaudus cardui 18.VIIL.2017 tarihinde Cirsium
arvense (L.) Scop. (Asteraceae) (koygogiiren) ve 22.VI1.2018
tarihinde de Echium vulgare L. (Boraginaceae) (engerek otu)

tizerinden 6rneklenmistir.

Diinyadaki dagilimi: Kuzey Amerika, Kuzey Afrika, Avrupa,
Almanya, Avusturya, Azerbaycan, Bulgaristan, Ermenistan,
Fas, Giircistan, Irak, Iran, Israil, Japonya, Kafkasya, Kibrs,
Mistr ve Suriye (Onder et al. 2011).

Tiirkiyedeki dagilimi: Artvin, Bartin, Adana, Diyarbakur,
Denizli, Erzurum, Hatay, Isparta, Izmir, Istanbul, Kayseri,
Karabiik, Mersin, Samsun, Rize ve Trabzon (Akyildirim et
al. 2011, Akyiirek 2006, Aslan 2004, Cirakl: et al. 2008, Cota
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2007, Eser 2009, Hazir et al. 2011, Narmanhoglu ve Gugli
2006, Olmez-Bayhan et al. 2003, Sahin 2007, Tepecik 2010).

Brachycaudus divaricatae Shaposhnikov, 1956

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Brachycaudus divaricatae 27.VIIL.2017 tarihinde Silene
vulgaris (Moench) Garcke. (Caryophyllaceae) (givisgan otu,

ecibiicii) tizerinden 6rneklenmistir.

Diinyadaki dagilimi: Arap Yarimadasi, Azerbaycan,
Ermenistan, Giircistan, Irak, Iran, Israil, Misir, Suriye ve

Ukrayna (Onder et al. 2011).

Tiirkiyedeki
(Aslan ve Uygun 2005) ve Bitlis (Tatvan) (Tuatay and
Remaudiere 1964).

dagilimi:  Kahramanmaras (Afsin-Ergene)

Brachycaudus helichrysi (Kaltenbach, 1843)

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Brachycaudus helichrysi 15.VII1.2017 tarihinde Anchusa
sp. ve Anchusa leptophylla Roem & Schult. (Boraginaceae)
(ballik otu); 21.VII1.2017 tarihinde ise Centaurea solstitialis

L. (Asteraceae) (¢akir dikeni) tizerinden 6rneklenmistir.

Diinyadaki dagilimi: Kuzey Afrika, Almanya, Azerbaycan,
Belgika, Bulgaristan, Ermenistan, Estonya, Fransa, 1ngiltere,
Irak, Iran, italya, Kibris, Misir, Rusya ve Suriye (Onder et al.
2011).

Tirkiyedeki dagilimi: Ankara, Adana, Artvin, Bartin,
Denizli, Diyarbakir, Erzurum, Gaziantep, Hatay, Isparta,
[zmir, Istanbul, Kayseri, Mardin, Nigde, Rize ve Trabzon
(Akyildirim et al. 2011, Aslan 2004, Cirakli et al. 2008, Cota
2007, Erkin 1983, Eser 2009, Gortr et al. 2009, Hazir et al.
2011, (")lmez—Bayhan et al. 2003, Sahin 2007, Tepecik 2010).

Brachycaudus lateralis (Walker, 1848)

Incelenen materyal: Calisma kapsaminda elde edilmis
olan Brachycaudus lateralis 17.VI1.2018 tarihinde Cirsium
echinus (L.) Scop. (Asteraceae) (kirpi kangali) tizerinden

orneklenmistir.

Diinyadaki dagilimi: Avrupa (Onder et al. 2011).
Tiirkiyedeki dagilimi: Ankara (Onder et al. 2011).
Brachycaudus tragopogonis (Kaltenbach, 1843)

Incelenen materyal: Calisma kapsaminda elde edilmis
12.VIL.2018 tarihinde

Tragopogon dubius Scop. (Asteraceae) (at yemligi) tizerinden

olan Brachycaudus tragopogonis

orneklenmistir.

Diinyadaki dagilimi: Giiney Ingiltere ve Avrupanin biiyiik
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bir kisminda (Anonymous 2019).

Tiirkiyedeki dagilimi: Ankara (Anonymous 2019).
Brevicoryne van der Goot, 1915

Aragtirma alaninda bu cinse ait 2 tiir saptanmugtr.
Brevicoryne crambe Bozhko, 1950

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Brevicoryne crambe 11.VIL.2018 tarihinde Crambe orientalis

L. (Brassicaceae) (akyumak) tizerinden 6rneklenmistir.

Diinyadaki dagilimi: Bulgaristan, Macaristan, Romanya ve
Ukrayna (Blackman and Eastop 2019).

Tiirkiyedeki dagilimi: Ankara (Ozdemir et al. 2005).
Brevicoryne nigrisiphunculata Hodjat, 1981

Incelenen materyal: Calisma kapsaminda elde edilmis
olan Brevicoryne nigrisiphunculata 23.VI1.2018 tarihinde
Crambe orientalis L. (Brassicaceae) (akyumak) tizerinden

orneklenmistir.

Diinyadaki dagilimi: Ermenistan, Iran ve Ukrayna (Blackman
and Eastop 2019).

Tiirkiyedeki dagilimi: Ankara, Nigde ve Malatya (Goriir et
al. 2018).

Hayhurstia del Guercio, 1917
Arastirma alaninda bu cinse ait 1 tiir saptanmustir.
Hayhurstia atriplicis Linnaeus, 1761

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Hayhurstia atriplicis 13.VIL.2018 tarihinde Chenopodium
vulgare Gueldenst. ex Ledeb. (Chenopodiaceae) (kokar

sirken) tizerinden 6rneklenmistir.

Diinyadaki dagilimi: Avrupa, Fas, [srail, Orta Dogu Ulkeleri,
Orta Asya ve Rusya (Bodenheimer and Swirski 1957).

Tiirkiyedeki dagilimi: Usak (Goriir et al. 2014).
Macrosiphoniella del Guercio, 1911

Arastirma alaninda bu cinse ait 1 tiir saptanmustir.
Macrosiphoniella tapuskae Hottes&Frison, 1931

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Macrosiphoniella tapuskae 28.VII1.2017 tarihinde Artemisia
splendens Willd. (Asteraceae) (ocak yavsani) tizerinden

orneklenmistir.
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Diinyadaki dagilimi: Avrupa, Giiney Rusya, Orta Asya,
Kuzey Afrika, Kuzey Amerika ve Arjantin (Blackman and
Eastop 2019).

Tiirkiyedeki dagilimi: Ankara, Bitlis, Nigde ve Van (Onder
etal. 2011).

Macrosiphum Passerini, 1860
Aragtirma alaninda bu cinse ait 1 tiir saptanmugtur.
Macrosiphum euphorbiae Thomas, 1878

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Macrosiphum  euphorbiae 17.VII1.2017 tarihinde Cerinthe

minor (Boraginaceae) (clicegozii) tizerinden 6rneklenmistir.

Diinyadaki dagilimi: Afrika, Amerika, Almanya, Belcika,
Bulgaristan, Irak, srail, Macaristan, Misir, Romanya,

Portekiz, Rusya, Suriye ve Yunanistan (Onder et al. 2011).

Tirkiyedeki dagilimi: Adana, Amasya, Erzurum, Hatay,
Izmir, Sakarya (Ifyriboz 1938). Ankara ve Istanbul (Onder et
al. 2011).

Nearctaphis Shaposhnikov, 1950
Aragtirma alaninda bu cinse ait 1 tiir saptanmugtr.
Nearctaphis bakeri Cowen, 1895

Incelenen materyal: Caligma kapsaminda elde edilmis olan
Nearctaphis bakeri 19.VI1.2018 tarihinde Trifolium repens L.
(Fabaceae) (ak tiggiil) 14.VIII.2017 tarihinde Trifolium sp. ve
Trifolium pratense L. (Fabaceae) (kirmizi yonca) tizerinden

orneklenmistir.

Diinyadaki dagilimi: Kuzey Amerikada yaygmn olan bu tiir
Afganistan, Hindistan, Iran, Japonya ve Misir (Blackman and
Eastop 2000).

Tiirkiyedeki dagilimi: Adana (Toros et al. 2002).
Uroleucon Mordvilko, 1914

Aragtirma alaninda bu cinse ait 5 tiir saptanmugtr.
Uroleucon aeneum (Hille Ris Lambers, 1939)

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Uroleucon aeneum 29.VIIL.2017 tarihinde Sonchus oleraceus

(esek marulu) tizerinden 6rneklenmistir.

Diinyadaki dagilimi:  Avrupa genelinde, Ermenistan,
Kazakistan ve Sibirya (Gériir et al. 2009, Ozdemir et al. 2006).

Tiirkiyedeki dagilimi: Ankara ve Trabzon (Akeaabat) (Goriir
et al. 2009, Ozdemir et al. 2006).
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Uroleucon ambrosiae (Thomas, 1878)

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Uroleucon ambrosiae 12.VII1.2017 tarihinde
(¢cakirdikeni)

Centaurea

solstitialis L. (Asteraceae) lizerinden

orneklenmistir.

Diinyadaki dagilimi: Cezayir, Tunus, Kuzey ve Orta Amerika
ile Giiney Amerikanin bir bolimiinde (Goriir et al. 2014,
2019b).

Tiirkiyedeki dagilimi: Afyonkarahisar, Kiitahya, Malatya,
Trabzon (Goriir et al. 2014, 2019b).

Uroleucon compositae Theobald, 1915

Incelenen materyal: Calisma kapsaminda elde edilmis
olan Uroleucon compositae 13.VII1.2017 tarihinde Sonchus
(Asteraceae) tlizerinden

oleraceus L. (esek  marulu)

orneklenmistir.

Diinyadaki dagilimi: Afrika, Giiney Amerika, Hindistan,
Sicilya ve Tayvan (Blackman and Eastop 1994).

Tirkiyedeki dagilimi: Artvin, Adiyaman, Malatya, Rize,
Sanliurfa ve Trabzon (Goriir et al. 2014, 2019b).

Uroleucon sonchi (Linnaeus, 1767)

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Uroleucon sonchi 14.VII1.2017 tarihinde Chondrilla juncea L.

(Asteraceae) (akhindiba) iizerinden 6rneklenmistir.

Diinyadaki dagilimi: Kuzey ve Giiney Amerika, Kuzey Afrika,
Almanya, Avusturya, Azerbaycan, Bulgaristan, Ermenistan,
Irak, Italya, Misir ve Suriye (Onder et al. 2011).

Tiirkiyedeki dagilimi: Ankara, Adana, Antalya, Aydin,
Diyarbakir, Edirne, Canakkale, Istanbul, Hatay, Izmir,
Kirklareli ve Sakarya (Cobanoglu 2000, Olmez 2000, Tuatay
1991).

Uroleucon taraxaci (Kaltenbach, 1843)

Incelenen materyal: Calisma kapsaminda elde edilmis olan
Uroleucon taraxaci 19.VII1.2017 ve 11.VII1.2018 tarihlerinde
Taraxacum officinale L. (Asteraceae) (karahindiba) tizerinden

orneklenmistir.

Diinyadaki dagilimi: Kuzey Amerika, Asyanin bazi bolgeleri
ve Ingiltere (Anonymous 2019).

Tirkiyedeki dagilimr: Tiirkiye faunasi i¢in yeni kayit oldugu

bu ¢aligma ile tespit edilmistir.

2. Altfamilya: Chaitophorinae
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Tribus: Atheroidini

Sipha Passerini, 1860

Aragtirma alaninda bu cinse ait 1 tiir saptanmugtr.
Sipha maydis Passerini, 1860

Incelenen materyal: Calisma kapsaminda elde edilmis
olan Sipha maydis 22.VI1.2018 tarihinde Elytrigia repens L.
(Poaceae) (ayrik otu); 25.VI1.2018 tarihinde Bromus inermis

Leyss. (Poaceae) (kil¢iksiz brom) tizerinden 6rneklenmistir.

Diinyadaki dagilimi: Akdeniz, Avrupa, Giliney Afrika, Orta
Dogu, Hindistan, Pakistan ve Orta Asya (Ozdemir 2004).

Tiirkiyedeki dagilimi: Ankara (Ozdemir 2004).

Tirkiyenin sahip oldugu biyogesitlilik, kitalar arasinda
gegis bolgesi olmasi ve tarimsal iriinlerin ekonomik 6nem
tasimasindan dolay1 yapilan afit faunasi belirleme ¢aligmalari
6nem arz etmektedir. Afitlerin en 6nemli tarim zararlisi
gruplardan birini olusturmalari, kiiresel 1stnma nedeniyle
tarimsal {riinlere verecekleri zarar oranlarmi ve yayilim
alanlarini genisletecek olmalars, {ilkemizin kiiresel isinmadan
en ¢ok etkilenecek iilkelerden birisi konumunda yer almasi,
genelinde Dogu Anadolu Bélgesinin hem floristik agidan
hem de tarimsal {riin gesitliligi agisindan degisime ugrama
ihtimalinin yitksek olmasi afit faunasiyla ilgili benzer
calismalarin 6nemini artirmaktadir. Belirtilen bu degisimler
istilac1 ve yayilimci afit tiirlerinin tilkemizde bulunma oranin
da ayrica artirmaktadir (Akyildirim Begen 2013, Goriir et
al. 2018, Tiirkes 2017). Sadece Atatiirk Universitesi Kampiis
alaninda bazi yabanc otlar {izerinde bulunan afit tiirlerinin
belirlenmesi amaciyla yapilan ¢aligmada bile 29 afit tiriiniin
tespit edilmesi ve bunlardan Uroleucon taraxaci tiirtiniin
yeni kayit olarak iilkemiz faunasina kazandirilmis olmas,
detayli ¢aligmalar yapildiginda Erzurum ilinden Tiirkiye
afit faunasina oldukea fazla sayida katkida bulunulacag:

yaklagimini gii¢lendirmektedir.
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OZET

2017-2018 yillar1 Atatiirk
Universitesi Kampiisii (Erzurum)da bazi yabanci otlar

temmuz-agustos aylarinda
tizerinde bulunan afit tiirlerinin belirlenmesi amaciyla
yapilan bu ¢alismada 29 tiir tespit edilmistir. Aphididae’nin
10 farkli cinsi igerisinde yer alan bu tiirler, 14 familyaya
mensup 32 farkh bitki tirii Gizerinden o6rneklenmislerdir.
Belirlenen tiirlerden Uroleucon taraxaci (Kaltenbach, 1843)
Tiirkiye afit faunasi i¢in yeni kayattir. Bu yeni kayitla birlikte
Tiirkiye afit faunasinin igerdigi tiir sayis1 571 yiikselmistir.
Tirkiyenin sahip oldugu afit biyogesitliligi, kitalar aras: gegis
bolgesi olmasi, farkli iklim karakterlerine sahip cografik
bolgelerinin bulunmasi ve bitki florasinin gesitliliginden
dolay1 zenginlik gostermektedir. Bu ¢aligmanin sonuglari,
Tiirkiye afit faunasinin belirlenmesi igin lokal ¢aliymalarin

6nemini ortaya koymaktadir.

Anahtar kelimeler: afit, Aphididae, fauna, yabanci ot,

Erzurum, Tirkiye
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In the scope of this study, we have investigated fumigant and contact toxicity effects
of Satureja boissieri Hausskn. ex Boiss. essential oil against Sitophilus granarius L.
(Coleoptera: Curculionidae) and Spodoptera littoralis (Boisduval) (Lepidoptera:
Noctuidae). The fumigant and contact toxicity experiments were carried out with
the adults of Sitophilus granarius whereas the contact toxicity experiment was carried
out with the 3", 4" and 5" larvae of S. littoralis. Also, various fractions of S. boissieri
essential oil were investigated for fumigant activity against S. granarius. In fumigant
toxicity studies, the highest activity was obtained at 36 hours with a dose of 0.1 pl/
ml with a 100% mortality rate. Fractions of the essential oil had significant fumigant
activity on S. granarius (100% fumigant activity at 0.1 pl/ml). Contact toxicity of 100 pl/
ml essential oil on the 3* and 4™ larval stage of S. littoralis, was determined to be 100%,
however, on the 5% larval stage it was 90.17%. The activity at 25 pl/ml dose was 71.12%
in the 3" larval stage whereas the activity remained very low (6.39- 22.20%) in other
larval stages. These results indicated that essential oil of S. boissieri have significant
potential which merits to be studied further in possible applications as fumigant and

contact insecticide in the control of S. granarius and S. littoralis.

INTRODUCTION

There are 574 species and 741 taxa belonging to the Lamiaceae
family in Turkey (Davis 1982, Erik and Tarikahya 2004).

Many important genus including Satureja sp., Origanum

sp., Thymus sp. that have extensive uses such as tea, spice
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are members of Lamiaceae family (Kurkcuoglu et al. 2001).
In Turkey, genus Satureja has 15 species, five of which are
endemic. Previous reports indicate that essential oils obtained
from plants belonging to the genus Satureja have various
activities (i.e., antioxidant, antimicrobial, antibacterial, and
antidiabetes) (Azaz et al. 2002, Ayvaz et al. 2010, Momtaz
and Abdollahi 2010). In addition, the insecticidal activities
of essential oils from Satureja species on insects have been
reported by some other researchers (Maede et al. 2011, Taban
et al. 2017, Tozlu et al. 2011). Satureja boissieri (Lamiales:
Lamiaceae) is distributed in Adiyaman, Bingl,and Malatya in
Turkey and is not an endemic species (Davis 1982). The main
components of essential oils obtained from S. boissieri were
previously reported to be thymol, carvacrol, y -terpinene and
p-cymene (Kurkcuoglu et al. 2001). However, the quantities
and respective ratios of the main components vary according
to the regions and geographical locations (Kurkcuoglu et
al. 2001, Sajjadi and Baluchi 2002, Sefidkon and Jamzad
2006). Spodoptera littoralis (Boisduval) (Lepidoptera:
Noctuidae) is a polyphagous pest, which spreads over a
wide area in Turkey (Aydin and Gurkan 2006). This pest can
cause a high-level loss in vegetables and fruits as well as in
industrial and field crops with high economic value (Unlit
and Kornosor 2003, Yildirim and Bagpinar 2008). Significant
quality and quantitative losses are observed due to biotic
and abiotic factors in agricultural products. Therefore, there
is an increasing need for new effective substances and new
strategies to be used in pest management. Microorganisms,
rodents and harmful insects cause large losses in stored
products due to the lack of adequate protection measures
in grain storages. Sitophilus granarius L. (Curculionidae:
Coleoptera) is one of the primary pests causing damage in
stored cereal crops (Karakog et al. 2006). Shaaya et al. (1997)
reported that in countries where modern storage techniques
is not present, the losses from insects in grains and legumes

can reach up to 40%.

In the scope of this study, insecticidal activity and chemical
composition of essential oil obtained from S. boissieri was
determined. Previously, there is no report on the insecticidal
activity of S. boissieri against S. littoralis and S. granarius
in the literature. Therefore, the insecticidal activity studies
carried out against these pest species are reported for the first

time.

MATERIALS AND METHODS
Insect rearing

Sitophilus granarius adults used in the experiments were

cultured in the Biology Department of the Faculty of
Science of Cankiri Karatekin University. Five-liter glass jars
were used for growing adults. In order to obtain single age
populations of the insects, females and male insects were
placed into jars that contain wheat and stored in a dark
climate room at 27+2 °C for 48 hours. At the end of 48 hours,
adult individuals were removed from the jars and only eggs
layed by the insects were left. After 45 days, a new generation
of adult individuals emerged. In the experiments, 3-4 weeks
old adults were used. Spodoptera littoralis were continuously
reared on lettuce plants at Karatekin University in Cankuri,
Turkey during the study as described in Karakog and Gokee
(2012). In the rearing of S. littoralis, 150-200 larvae were
transferred to plastic containers and daily fresh lettuce leaves
were given. The larvae were fed with lettuce leaves for ten
days. Adults were fed with 15% honey solution to lay eggs on
wax paper sheets placed in plastic containers. Honey solution
was absorbed in cotton plug and placed in the container. All
experiments on S. littoralis were conducted at 16:8 (light/
dark) light regime condition at 25 °C.

Plant material

Plant material (Satureja boissieri) was collected at the
flowering stage from its natural habitat in Ortakéy Village
(38°51’ 31.77” N, 40° 21’ 50.32” E) in July 2012. The plants
collected were dried in a room without direct sunlight and
air circulation. Plant samples were prepared for identification
and to be stored in a herbarium. Plant species was identified
at Biology Department of Bingol University and the voucher
specimen was registered in the Herbarium of the department

with a voucher number: L. Behget 176.
Isolation of essiential oil

The dried aerial parts of S. boissieri were cut into small pieces.
Two kilograms of the plant is weighed and used in distillation.
Distillation was done in the Clevenger type apparatus for
approximately three hours (100 g x 20). A total of 28 ml
(~27.3 g) of essential oil was obtained. After the distillation
the resulting oil was dried on the anhydrous sodium sulfate.
Water was removed from the oil than its removed from
sodium sulfate with filtration, which was performed with
blue band filter paper. The resulting essential oil was stored

until the time of analysis in dark glass containers at +4 °C.
Essential oil separation
Approximately 110 g of silica gel were activated in the oven

at 100 °C for 24 hours to separate the essential oils. 7680

mg (8 ml) of crude essential oil material was separated by
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column chromatography using analytical grade solvents.
Chromatography with 100% n-hexane solvent was initiated
and followed by increasing polarity, diethyl ether: n-hexane
(1:99, v/v), diethyl ether: n-hexane (2:98, v/v), diethyl
ether: n-hexane (3:97, v/v), diethyl ether: n-hexane (4:96,
v/v), diethyl ether: n-hexane (5:95, v/v), diethyl ether: The
separation process was terminated using hexane (6:94, v/v),
diethyl ether: n-hexane (10:90, v/v) and finally 100% diethyl
ether solvent system. A total of 1770 fractions were obtained.
Combination of similar fractions was made in some series
based on the results of GC-MS analysis. Fractions that are
sufficient for biological activity tests were investigated for
fumigant activity against S. granarius. The fractions between
450-550 contained thymol (52.04%) + carvacrol (31.35%)
and the fractions between 580-720 contained thymol (100%)

were used in this part of the experiment.

Gas chromatography-mass spectrometry analysis of the

fractions

Constituents of S. boissieri essential oil fractions was analyzed
with the Agilent Technologies 7890A GC System coupled
to a 5975C inert MSD with Triple-Axis Detector (Agilent
Technologies; Capillary column HP-5-MS (30 m x 0.25 mm
1.D.x0.25 pm). GC temperature program was as follow: From
60 °C to 150 °C at a rate of 3 °C/min and holding for 10 min,
then from 150 °C to 200 °C at a rate of 5 °C/min and holding
for 3 min, and from 200 °C to 250 °C at a rate of 15 °C/min.
Inlet temperature was 250 °C. Spectra were obtained for the
range 50-550 m/z, following electron impact ionization at 70
eV. The carrier gas was helium at a flow rate of 1 ml/min and
injections were in split mode (50:1). The mass-spectrometer
interface temperature was set at 250 °C. The temperature
of the ion source was 230 °C, electron energy 70 eV and

quadruple temperature 150 °C. Injection volume was 1 pl.
Fumigant toxicity

In this study, the fumigant effect of essential oil extracted from
S. boissieri on S. granarius was investigated in three different
doses (0.025, 0.05, 0.1 pl/ml). Glass tubes with 10 ml volume
and compressible cap were used in these experiments. Glass
tubes were filled with 1/3 wheat and 10 adult individuals
were placed in each. 10 mm in diameter discs were cut from
Whatman filter paper and fixed with a pin to the caps of the
glass tubes used in the experiment. Essential oil dilutions
in acetone at different concentrations were applied with a
micropipette to the filter paper to achieve final essential oil
solution 0.05; 0.1 and 0.2 pl/ml air in the tubes. The applied
filter papers were then placed in the fume hood for 5 minutes

to allow the acetone to evaporate. At the end of this period,
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the filter papers were fixed to the caps of the glass tubes using
a pin and the caps were put on the glass tubes and closed, and
tubes were incubated in the dark in a climatic cabinet for 36
hours at 25 °C. Dead insects were counted and recorded after
12, 24 and 36 hours. The study was established according to
the randomized block design. The entire trial was repeated

three times and each replicate consisted of 3 replicates.
Contact toxicity

Satureja boissieri essential oil was diluted with acetone
to obtain 25, 50 and 100 pl/ml stock solution. Stock
concentrations were applied to S. granarius (1 pl/insect) and
S. littoralis (1 pl/insect for 3 larval stage, 2 pl/insect for 4
larval stage and 3pl /insect for 5™ larval stage) with a micro
applicator. The acetone was applied (1 pl/insect) as blank
control. Essential oil concentrations were applied with micro
applicator on the dorsal surface of the thorax of the insects
Karako¢ and Gokge (2012). After the treatment, insects were
transferred to 9 cm petri dishes containing 10 g of wheat.
The insects were incubated at 25+2 °C in a climatic chamber.
The mortality was recorded after 24 h. Each treatment
was replicated three times and the whole experiment was
repeated three different times. Twenty larvae was used for

each replication.
Statistical analysis

Results were firstly converted into % death values, and then
they were subjected to arcsine transformation. Variance
analysis was carried out with transformed data at alpha: 0.05
level, and additionally, the differences among treatments
were analyzed by means of Tukey multiple comparison
test (:0.05). All statistical analyses were conducted via

MINITAB® Release 16 package program.

RESULTS AND DISCUSSION
Fumigant toxicity against S. granarius

Three different doses of essential oil of S. boissieri were tested
for fumigant toxicity against S. granarius (Table 1). According
to the results obtained, mortality rates increased with time
and dose increase. The highest effect was determined with
100% mortality rate at 0.1 p/ml dose after 36 hours. Mortality
rates of fumigants were reduced as fumigant exposure time
decreased, and this decrease was 76.72% at 24 hours and
36.64% at 12 hours, respectively (F=1766.64; df:3,8; P<0.05).
When the application concentration was reduced, essential

oil of S. boissieri did not show considerable fumigant toxicity.
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Tablel. Fumigant toxicity of essential oils from Satureja boissieri on Sitophilus granarius

% Mortality+SE*
Dose (pul/ml)
12 hour 24 hour 36 hour
0 (Control) 0.00+0.00b'A? 0.00+£0.00cA 0.00+0.00dA
0.025 0.00+0.00bB 0.00+£0.00cB 7.71+£0.12cA
0.05 0.00+0.00bB 9.83+0.32bA 16.58+0.20bA
0.1 36.64+0.12aC 76.72+0.16aB 100.00£0.00aA

"Means in a column followed by a different lowercase letter are significantly different (Anova P < 0.05, Tukey test). Means in a line followed by a different uppercase letter are significantly

different (Anova P < 0.05, Tukey test). *Standard Error

Contact toxicity bioassay

Experiments were carried out at different doses to determine
the contact toxicity of essential oil of S. boissieri against S.
granarius after 24 hours. The data at the end of 24 hours were
evaluated, mortality rates increased with increase in the dose.
The mortality rate at 100 pl/ml concentration was determined
as 97.82% and was statistically different from the control and
other doses (F=199.39; df:3,8; P<0.05). Contact toxicity of
essential oil obtained from S. boissieri plant was also tested
on different larval stages of S. littoralis. The essential oil of
S. boissieri had high contact toxicity for the all larval stages
at the dose of 100 pl/ml. Mortality rate was observed as
100%, 100% and 90.17% for the 3™ (0.1 pl essential oil dose
per larvae), 4" (0.2 pl essential oil dose per larvae) and 5%
(0.3 pl essential oil dose per larvae) larval stages, respectively
(F=96.01; df:2,6; P<0.05). After, the dose was reduced in the
experiments (50 pl/ml), the highest effect was observed in
the 3rd larval stage with 95.68% and the mortality rates in the
4™ and 5% larval stages were 86.79% and 53.34%, respectively
(F=125.39; df:2,6; P<0.05). Finally, when the dose was
lowered to 25 pl/ml, the mortality rate was 71.12% for the 3™
larval stage and activity decreased in the other larval stages.
(F=227.10; df:2,6; P<0.05) (Table 2).

Chemical composition and insecticidal activity of fractions

Chemical composition of the fractions which were tested
for fumigant activity against S. granarius was also analyzed
with GC/MS. The essential oil fractions showed considerable
fumigant activity. The combined fractions between 450-550
caused 70.33% death at 5% (v:v) application concentration
and the mortality rate in S. granarius reached 100% at 10%
(v:v) concentration. When the combined fractions between
580-720 were tested in fumigant contact toxicity against S.
granarius, 53.35% mortality was determined in 5% (v:v)
concentration and 100% mortality was achieved in 10% (v:v)

application concentration (Table 3).

The main constituents of the essential oil obtained from
the S. boissieri plant collected from the Bing6l region were
determined as p-cymene, y-terpinene, thymol, and carvacrol.
The main constituent in S. boissieri used in this study was
p-cymene with 23.15%, while in other studies this rate was
35.5%, 17.1%, and 6.3%, respectively (Azaz et al. 2002, Sajjadi
and Baluchi 2002, Sefidkon et al. 2006). Azaz et al. (2002)
reported that carvacrol was the major component of this
plant with 44.8%. Similarly, in the study conducted by Sajjadi
and Baluchi (2002), the main component of S. boissieri was

reported to be carvacrol 70.1%. In another study S. boissieri

Table 2. Contact toxicities of essential oil from Satureja boissieri on Spodoptera littoralis

Dose (ul/ml)
3" instar larvae

% Mortality+SE*

4" instar larvae 5% instar larvae

0 (Control) 0.00+0.00d'A?
25 71.1240.05cA
50 95.68+0.20bA
100 100.00£0.00aA

0.00+0.00dA 0.00+0.00dA
6.39+0.48cC 22.20+0.05cB
86.79+0.24bB 53.3410.11bC
100.00+0.00aA 90.17+0.32aB

'Means in a column followed by a different lowercase letter are significantly different (Anova P < 0.05, Tukey test). 2Means in a line followed by a different uppercase letter are significantly

different (Anova P < 0.05, Tukey test). *Standard Error
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Table 3. Fumigant toxicity of essential oil fractions obtained from Satureja boissieri on Sitophilus granarius

% Mortality+SE*
Fractions
%5 %10
450-550 70.33+£1.22a 100.00+0.00a
580-720 53.35+0.34a 100.00+0.00a
Control 0.00+0.00b 0.00+0.00b

'Means in a column followed by a different lowercase letter are significantly different (Anova P < 0.05, Tukey test). *Standard Error

essential oil main components were determined as thymol
(29.6%) was identified as the major component in the highest
proportion (Sefidkon et al. 2006). The results obtained in
this study have concluded that there may be a chemotypic

variation in S. boissieri when compared with previous studies.

S. boissieri showed the highest fumigant activity against S.
granarius. This activity is thought to originate from the main
components of the essential oil obtained from the plant.
Although there is no study on this insect species with S.
boissieri essential oil, studies with other Satureja species have
shown that essential oils obtained from this genus exhibit
fumigantactivity (Ayvazetal. 2010, Maedeetal. 2011, Yildirim
et al. 2011). Furthermore, the fumigant activity of these
major components found in S. boissieri was also determined
by researchers (Isman 2000, Lee et al. 2001, Rozman et al.
2007). Contact toxicity studies were also carried out on S.
granarius at the same time and showed high insecticidal
activity. Tapondjou et al. (2005) who studied p-cymene from
the main components of S. boissieri demonstrated contact
toxicity of this compound on Sitophilus zeamais Motschulsky
(Coleoptera: Curculionidae). It is suggested that contact

toxicity can arise from this compound.

Considerable results were obtained in contact effect studies
on S. littoralis. The dose of 100 pl/ml used in the experiments
showed very high insecticidal activity for all larval stages.
Pavela (2010) was determined that p-cymene, y-terpinene,
thymol and carvacrol, the major components of the plant,
exhibit insecticidal activity on this species. When the dose
was reduced by 1/4, high activity was still observed for the
3 Jarval stage, while activity for the 4™ and 5" larval stages
remained very low. This may be interpreted as a decrease in
activity of the essential oil as the larval period progresses
depending on the physiology of the insect. Alkan et al. (2017)
found that the activity changed due to the larval period in
the study conducted with Leptinotarsa decemlineata (Say)
(Coleoptera: Chrysomelidae). Similarly, Karakog¢ and Gokge

(2012) were reported that as larval stages progressed activity
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was decreased. Thus, these results are consistent with our

study.

As a result, the essential oils obtained from S. boissieri plants
have the potential to be used as insecticide in both insect
species used in the experiments. But the main components of
the plant need to be tested on these insect species. However,
conducting synergistic activity studies with the main active
ingredients will lead to the presence of more effective

insecticides.
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OZET

Bu aragtirmada Satureja boissieri Hausskn. ex Boiss. ugucu
yaginin Sitophilus granarius L. (Coleoptera: Curculionidae) ve
Spodoptera littoralis (Boisduval) (Lepidoptera: Noctuidae)e
karst fumigant ve kontakt etkileri arastirilmistir. Sitophilus
granarius erginleri ile fumigant ve kontakt toksisitesi
denemeleri; S. littoralis’in 3., 4. ve 5. donem larvalar: ile
sadece kontakt toksisitesi denemeleri yiiriitiilmiistiir. Ayrica,
S. boissieri ugucu yagmn fraksiyonlari, S. granarius’a karsi
fumigant aktivitesi agisindan arastirilmustir.  Sitophilus
granarius ile yapilan fumigant etkisi ¢alismalarinda en
yiiksek etki 0.1 pl/ml uygulama dozunda %100 olim
orantyla 36 saatte elde edilmistir. Fraksiyonlarin S. granarius
tizerinde onemli oranda fumigant aktiviteye sahip oldugu
ve fraksiyonlarin zararliya %10 uygulama dozunda
onemli bir aktivite gosterdigi tespit edilmistir. Spodoptera
littoralis'in 3. ve 4. donem larvalarina 100 ul/ml ugucu
yag uygulandiginda, kontakt aktivite %100 olarak tespit
edilirken, 6liim orani 5. donem larvada %90.17 olarak
belirlenmistir. Tiim larva dénemlerine 25 ul/ml ugucu yag

dozu uygulandiginda, 3. larva doneminde kontakt aktivite
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%71.12 olarak belirlenirken, diger larval dénemlerde aktivite
cok diigitk kalmistir. Bu sonuglar, S. boissieri ugucu yaginin,
S. granarius ve S. littoralisin miicadelesinde fumigant ve
kontakt insektisitler olarak onemli bir potansiyele sahip

olabilecegini gostermistir.

Anahtar kelimeler: ugucu yag, fumigant aktivite, kontakt

aktivite, GC-MS, Lamiaceae, fraksiyon, kolon kromotografisi
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