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Ozgiin makale (Original article)

Findik bakteriyel yaniklik hastah@inin [ Xanthomonas
arboricola pv. corylina (Miller et al.) Vauterin et al ]
bakteriyel biyoajanlar kullamlarak miicadele imkanlarinin
arastirilmasi™

Jose Luis Rodriguez GUTIERREZ !, Recep KOTAN!

Evaluation of the biological control of bacterial blight with [Xanthomonas
arboricola pv. corylina (Miller et al.) Vauterin et al.] in hazelnut plantations by
using bacterial biocontrol agents

Abstract: Xanthomonas arboricola pv. corylina [(Miller et al.) Vauterin et al.], causal
agent of the bacterial blight of hazelnut, causes significant losses in the cultivation of
hazelnuts in Tiirkiye and abroad. The cultural measures and the chemical control methods
against this pathogen are insufficient. In this study, 314 different bacterial strains were tested
for their potential antibacterial activity against the pathogen in Petri dish experiments, and
47 strains were found to be effective. The most effective five bacterial strains were further
tested against the growth of the pathogen in broth medium. Bacillus sp. K-15b, Bacillus
megaterium KBA-10, Bacillus cereus K-15d and Bacillus cereus K-3a strains showed high
antibacterial activity against the disease agent. The level of suppression of the disease caused
by these strains was also evaluated on two year old hazelnut saplings. These bacterial strains
reduced the disease occurrence caused by the pathogen by 73.3%, 73.3%, 80% and 80%,
respectively.

Keywords: Bacillus sp., biological control, hazelnut, bacterial blight, Xanthomonas
arboricola pv. corylina

Oz: Findik bakteriyel yaniklik hastaligina neden Xanthomonas arboricola pv. corylina
[(Miller et al.) Vauterin et al.] Diinyada oldugu gibi Tiirkiye’de de findik yetistiriciliginde
onemli kayiplara neden olmaktadir. Bu patojene karsi; yapilan kiiltiirel dnlemler ve kimyasal
miicadele yontemleri yetersizdir. Bu ¢alismada; patojene kars1 antibakteriyel aktivitesi igin
test edilen toplam 314 potansiyel biyoajan bakteri izolatinin 47’sinin Petri denemelerinde
etkili oldugu tespit edilmistir. En etkili 5 biyoajan bakteri izolat1 s1v1 besi ortaminda patojen
bakteri izolatinin gelisimine etkisinin belirlenmesi i¢in test edilmistir. Bacillus sp. K-15b,
Bacillus megaterium KBA-10, Bacillus cereus K-3a ve Bacillus cereus K-15d izolatlar
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hastalik gelisimine etkisi icin test edilmistir. Bakteri izolatlar1 sirast ile %73.3, %73.3, %80
ve %80 oraninda patojenden kaynakli zarar1 engelledigi belirlenmistir.

Anahtar kelimeler: Bacillus sp., bakteriyel yaniklik hastaligi, biyolojik miicadele, findik,
Xanthomonas arboricola pv. corylina

Giris

Diinya findik iiretiminin yaklasik %69 unu gerceklestiren Tiirkiye’yi sirasiyla Italya
ve Giircistan takip etmektedir (FAO 2018). Findikta teknik ve kiiltiirel
uygulamalardaki yetersizlikler yaninda zararlilar ve hastaliklar da verim ve kalite
kaybimna sebep olmaktadir. Findik bakteriyel yaniklik hastaliginin etmeni
Xanthomonas arboricola pv. corylina (Miller et al. 1949) Vauterin et al. 1995 gerek
diinyada gerekse de iilkemizde zaman zaman 6nemli kayiplara yol agcabilmektedir.
Patojen ilk olarak Amerika Birlesik Devletleri’nde (Bars 1913), Tiirkiye’de ise
1971-1972 yillarda Karadeniz Bolgesi findik bahgelerinde rapor edilmistir (Alay et
al. 1973).

Patojen stomalardan veya yaralardan bitki icerisine giris yapabilmekte, disi
ciceklere polenler yoluyla yayilabilmekte, yildan yila sadece kanserli dokular
vasitasiyla gegebilmektedir (Karahan et al. 2013; Karahan 2018). Patojen geng dal
ve slirgiin govdeleri iizerinde kansere sebep olurken, agacin daha kalin dallar1 ve
govdesi iizerinde de lezyonlar olusturmaktadir. Lezyonlar genellikle 1-4 yag arasi
agaclarin govdelerini kusatarak onlarin 6lmesine neden olmakta ve govde
enfeksiyonu hastaligin oldukca ciddi bir sathasini olusturabilmektedir. Lezyonlar
genellikle kabukla smirli kalmaktadir fakat ksilem dokusunda bazen zarar
goriilebilmektedir (Miller et al. 1949; Pulawska et al. 2010; Karahan 2018). Siirgiin
enfeksiyonu ekonomik olarak oldukca 6nemlidir, ¢iinkii 6len siirgiinlerin birgogunu
potansiyel meyve dallar1 olusturmaktadir (Lamichhane & Varvaro 2014).
Meyvelerdeki hastalik olusturan lezyonlar, kahverengi veya siyah yiizeysel yagl
lekeler seklinde olmakta fakat enfeksiyon zamanla ilerleyince bu lekeler ¢okiik bir
hal almaktadir. (Karahan 2018).

Bakteriyel yaniklik hastaliginin enfeksiyon siddeti, yanlis kiiltiire]l miicadelenin
ve iklim kosullarinin neden oldugu stres ile yiiksek oranda iliskilidir. Ozellikle
ilkbahar donu, kuraklik ve kis budamasi gibi stres faktorleri bitkilerde hastalik
siddetini artirmaktadir (Moore et al. 1974). Etmenin bulastig1 bitki pargalarini yok
ederek, budama aletlerini dezenfekte ederek, bakirli preparatlar sprey ederek ve
direngli ¢esitler kullanilarak hastalik kismen kontrol edilebilmektedir (EPPO 2004).
Ancak ticari olarak kurulan bahgelerde uzun yillar boyunca yogun bakir
uygulanmasi sonucunda, toprakta bakir birikmesi olmus ve bunun sonucunda
olumsuz gevresel etkiler ortaya ¢ikmustir.

Son yillarda kimyasallarin kullanimim smirlandirmak i¢in ¢ok sayida biyolojik
miicadele calismasi yapilarak degisik hastaliklarin kontroliinde alternatif yeni
yontemler ve ticari iiriinler gelistirilmistir. Xanthomonas cinsine dahil bitki patojeni
bakteri tiirlerine karsi da ¢ok sayida biyolojik miicadele ¢aligmasi vardir (Kotan
1998; Kotan & Sahin 2002; Salah et al. 2007; Khodakaramian et al. 2008; Karagoz
& Kotan 2010; Nashwa 2011; Li et al. 2012; Lopes et al. 2012; Chavan et al. 2016;
Apetetal. 2018; Sangiogo et al. 2018; Sarkar et al. 2018). Ancak, yapmis oldugumuz
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literatiir taramasina gore; bugiine kadar X. arboricola pv. corylina’ya kars1 biyolojik
miicadele konusunda ¢aligma yapilmamustir.

Bu calisma kapsaminda; farkli konukgulardan izole edilmis boliim kiiltiir
koleksiyonunda bulunan ¢ogunlugu Bacillus (182 izolat) cinsine dahil toplam 314
potansiyel biyoajan bakteri izolatinin findik bakteriyel yaniklik hastaligina karsi
biyolojik miicadelede kullanilabilirligi arastirilmistir.

Materyal ve Yontem

Calismada kullanilan patojen ve potansiyel biyoajan bakteri izolatlar1 ve bitki
cesidi

Patojen bakteri izolat1 olarak Giresun’da findik bahgelerinden izole edilen toplam 6
Xanthomonas arboricola pv. corylina izolati igerisinden viriilensligi en yiiksek
olarak tespit edilen FDN-4 izolat1 kullanilmigtir. Patojen bakteri izolatlarinin tanist
Xanthomonas grubu bakterilerin parlak sar1 renkli koloni 6zellikleri dikkate alinarak
Petri ortamindan segilen sari1 renkli koloni yapisina sahip izolatlarin Kkoloni
ozellikleri, baz1 biyokimyasal testleri, HR testi ve patojenite testleri yapilarak
dogrulanmistir. Patojen bakteri izolatlar1 daha sonraki testlerde kullanilmak iizere
stok kiiltiirleri yapilarak -20°C’de muhafaza edilmistir.

Potansiyel biyoajan bakteri izolati olarak ise daha 6nce yapilmig olan farkli
arastirmalarda yabani ve kiiltiir bitkilerinin toprak altt veya toprak Tstii
aksamlarindan izole edilen ¢ogunlugu Bacillus (182 izolat) cinsine dahil toplam 314
bakteri izolati kullanilmistir (Cizelge 1). Bu izolatlarin tanis1 yag asidi metil
esterlerine gore Microbial Identification Systemde (MIS) yapilmis ve Atatiirk
Universitesi. Ziraat Fakiiltesi, Bitki Koruma Boliimii Mikroorganizma Kiiltiir
Koleksiyonunda muhafaza edilmektedir (Kotan 1998; Kotan 2002; Karagoz &
Kotan 2010). Toplam 314 potansiyel biyoajan bakteri patojene karsi Petri
denemelerinde, buradan segilen 5 izolat sivi besi yerinde antibakteriyel etkisi i¢in
test edilmis ve buradan segilen 4 izolat ise in vivo ¢alismalarinda kullanilmigtir. Her
bir bakterinin Nutrient Agar (NA) besiyerinde gelistirilen 48 saatlik saf kiiltiirlinden
bir 6ze dolusu alinarak, icerisinde 900 pl %30’Iuk glycerol ve 900 pl LB Broth (1 L
dH2O’ya 10 g tryptone, 10 g NaCl ve 5 g yeast extract ilave edilerek hazirlanmustir)
bulunan Cryogen tiiplere aktarilarak etiketlenmis ve karistiricida karistirilarak daha
sonraki ¢aligmalarda kullanilmak tizere -80°C’de muhafaza edilmistir. Patojenite,
virulanslik ve biyolojik miicadele in vivo ¢aligmalarinda ise bolgede en yaygin olarak
dikimi yapilan Giresun Yaglisi ¢esidinin 2 yasindaki findik fidanlart kullanilmustir.
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Cizelge 1. Calismada kullanilan potansiyel biyoajan bakteri cinsleri ve izolat sayilari
Table 1. Potential bacterial genus bioagent against bacterial blight in hazelnut and
the number of strains used in the study

No  Bakteri cinsi TiS No  Bakteri cinsi Tis No  Bakteri cinsi TiS
1 Bacillus sp. 182 13 Kocuria sp. 3 25 Brochotrix sp. 1
2 Brevibacillus sp. 25 14 Microbacterium sp. 3 26 Erwinia sp. 1
3 Paenibacillus sp. 14 15 Rhizobium sp. 4 27 Flavobacterium sp. 1
4 Chryseobacterium sp. 12 16 Aeromonas sp. 2 28 Grimontia sp. 1
5 Stenotrophomonas sp. 8 17 Corynebacterium sp. 2 29  Janthinobacterium sp. 1
6 Artrobacter sp. 7 18  Curtobacterium sp. 2 30 Lysobacter sp. 1
7 Paucimonas sp. 6 19 Micrococcus sp. 2 31 Nisseria sp. 1
8 Pseudomonas sp. 5 20 Paracoccus sp. 2 32 Ralstonia sp. 1
9 Vibrio sp. 5 21 Photohabdus sp. 2 33 Sphingobacterium sp. 1
10  Xanthomonas sp. 3 22 Serratia sp. 2 34 Sposarcina sp. 1
11 Citrobacter sp. 3 23 Variovorax sp. 2 35  Virgibacillus sp. 1
12 Enterbacter sp. 3 24 Acidovorax sp. 1 36  Weksella sp. 1
Toplam izolat sayisi 314

TIS: Test edilen bakteri izolat sayilart

Patojen bakteri izolatlarinin biyokimyasal testleri

Hastalikli findik bitkilerinden izole edilen toplam 19 potansiyel patojen bakteri
izolatinin igerisinden segilen parlak sar1 dairesel koloniler olusturanlar toplam 6
bakteri izolat1 Potasyum Hidroksit (KOH) (Sands 1990), Yeast Dekstroz Kalsiyum
Karbonat Agarda (YDCA) mukoid gelisim (Lelliot & Stead 1987), nisastanin
hidrolizi (Lelliot & Stead 1987), %2 ve %5 NaCl Nutrient Agar’da gelisme (Schaad
et al. 2001), tiitin (Nicotiana tabacum) ve domates (Solanum lycopersicum)
bitkisind asir1 duyarlilik (HR) (Klement & Goodman 1967) ve viiriilenslik testine
tabi tutulmustur (Prokic” et al. 2012).

Potansiyel biyoajan bakterilerin biyokimyasal testlerle bazi 6zelliklerinin
belirlenmesi

Kat1 besiyeri testlerinde etkili olan toplam 47 izolatlar1 potasyum hidroksit testi
(KOH) (Sands 1990), azot fiksasyonu testi (Brown et al. 1962), fosfat1 ¢6zebilme
testi (Cisneros et al. 2017) ve levan testine tabi tutulmustur (Klement et al. 1990).

Potansiyel biyoajan bakteri izolatlarinin kati besiyeri iizerinde hastalik
etmenine kars in vitro antibakteriyel etkinligi

Potansiyel biyoajan bakteri izolatlar1 dnce kati besi ortaminda en viriilent patojen
izolata karsi test edilmistir. Dondurulmus patojen ve potansiyel biyoajan bakteri
kiiltiirleri NA besi ortamu igeren Petrilere {i¢ fazli ¢izgi ekim yapilmistir, 27°C’de
inkubasyona birakilarak 48 saatlik taze kiiltiirleri elde edilmistir. Patojen
kiiltiirlerinden steril swap ile alinarak TSA kat1 besiyeri ylizeyine ¢izilmistir. Yine
steril swap ile alinan potansiyel biyoajanlar ise petrinin (¢cap 8.5cm) tam ortasindan
cizgi ekimle c¢izilmistir. Petriler parafilm ile sarilarak 27°C’de 5 giin siireyle
inkubasyona birakilmigtir. Bu siirenin sonunda antibiyosis etki gosterenler igin
olusan inhibisyon zonlar1 ve hiperparazitik etkilerinin degerlendirilmesinde ise
biyoajan bakteri kolonilerinin Petri yiizeyindeki yayilimi 6lgiilerek kaydedilmistir
(Kotan 2002). Bu islem her potansiyel biyoajan bakteri i¢in 3 kez tekrar edilmis.
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Potansiyel biyoajan bakteri izolatlarimin sivi besiyerinde hastalik etmenine
kars in vitro antibakteriyel etkinligi

Kati1 besiyeri testlerinde en etkili olan 5 biyoajan bakteri izolat1 patojene karsi sivi
besiyerinde test edilmistir. TSB’de gelistirilen 48 saatlik taze bakteri kiiltiirleri steril
su ile siispanse edilerek elde edilen 10® kob/mL yogunlugunda bakteri
stispansiyonlar1 elde edilmistir. Patojen ve potansiyel biyoajanlarin 10 ml miktar
180 ml TSB’a aktarilarak iyice karistirilmis ve hemen 1 ml 6rnek alinip seri
diliisyonlar1 hazirlanarak patojen ve biyoajan bakterilerin ml’deki koloni olusturan
bakteri sayilar1 elde edilmistir. Inkubasyona birakilan bu sivi kiiltiirlerde 5 giin
araliklarla sayimlar aynmi sekilde tekrarlanmistir. Sayimlarda koloni renklerindeki
farkliliklardan faydalanilarak patojen sayisi ve potansiyel biyoajan bakteri sayisi
hesaplanmustir.

Potansiyel biyoajanlarin findik bitkisinde in vivo hastalik gelisimi iizerine
etkinliklerinin belirlenmesi

S1v1 besiyerinde patojen bakteri gelisimini inhibe eden en etkili 4 izolat segilerek
sera kosullarinda findigin iki yilik fidanlarinin yapraklarinin iizerinde hastalik
gelisimi tiizerine etkisini belirlemek icin test edilmistir. Bir giin 6nce bitkiler
sulanmistir ve yliksek nem saglamak igin plastik torbalarla kapatilmigtir. TSB’de
gelistirilen 48 saatlik taze biyoajan kiiltiirleri steril su ile siispanse edilerek elde
edilen 108 kob/mL yogunlugunda bakteri siispansiyonlar1 elde edilmistir. Yapraklar
hazirlanan bu soliisyonlara batirilip 3 dakika bekletilmistir. Biyoajan bakterilerin
yapraklara iyice kolonizasyonun saglamak igin ayr1 ayri her bir yaprak plastik poset
icerisine alinarak poset dip kismindan baglanmistir. Biyoajan bakteri uygulamasin
takiben 48 saat sonra daha 6nceden benzer sekilde TSB’de gelistirilen 48 saatlik taze
patojen bakteri kiiltiirii steril su ile siispanse edilerek elde edilen 10® kob/mL
yogunlugunda siispansiyon tiim yapraklara sprey edilmistir. Bakterilerin yapraklara
iyice kolonizasyonun saglamak i¢in ayr1 ayr1 her bir yaprak plastik poset icerisine
almarak poset dip kismindan baglanmis ve gerekli bilgiler yazilmistir. Negatif
kontrol uygulamasinda sadece steril distil su ve pozitif kontrol uygulamasinda ise
sadece patojen uygulamasi yapilmistir. Her bir uygulama toplam 6 yaprakta tekrar
edilmistir. Deneme kurulduktan 35 giin sonra yapraklar iizerinde olusan lezyonlar
degerlenmistir.

Olusan lezyonlarin derecesini degerlendirme i¢in Ulusal & Aksoy, (2017)
olusturdugu 0-5 skalas1 kullanilmistir. Skalaya gore; 0: Yaprakta higbir hastalik
belirtisi yok; 1: Yapraklarin %1 ile 20’sinde lezyon var; 2: Yapraklarin %21 ile
40’1nda lezyon var; 3: Yapraklarin %41 ile 60’1inda lezyon var; 4: Yapraklarin %61
ile 80’inde lezyon var; 5: Yapraklarin %81 ile 100’iinde lezyon var. Uygulamalarin
etkinligi asagidaki formiil kullanilarak hesaplanmustir.

Uygulamalarin etkinligi (%) = (Pozitif kontrol — Uygulama/ Pozitif kontrol) x 100
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Sonuglarin analizi

Calismada elde edilen sonuglar SPSS (Statistical Package for Social Sciences,
Version 9.0) istatistik programinda analiz edilerek, aritmetik ortalamalar1 ve standart
sapmalari hesaplanmistir. Uygulamalar arasindaki farkliligin 6nem derecesini
belirlemek i¢in Duncan (p<0,01) testi yapilmustir.

Bulgular ve Tartisma

Patojen izolatlarin bazi1 biyokimyasal ve HR test sonug¢lari

Hastalikli findik bitkilerinden izole edilen toplam 19 potansiyel patojen bakteri
izolat1 arasindan parlak mukoid sar1 renkteki kolonilerden segilen toplam 6 bakteri
izolat1 ile ilgili baz1 biyokimyasal test sonuclari Cizelge 2’de verilmistir. Bu
sonuclara gore; YDCA besiyerinde parlak mukoid sar1 koloni seklinde gelisme
gosteren tiim izolatlarin KOH testi sonuglari pozitif ¢ikmistir. Nisastanin hidroliz
testinde FDN-4, FDN-5 ve FDN-12 izolatlar1 pozitif, geri kalan izolatlar ise negatif
sonug¢ vermistir. %2 ve %5’lik NaCl besiyerinde biitiin izolatlar gelismistir. HR
testlerinde tiim izolatlar domates bitkisinde pozitif, tiitiin bitkisinde ise FDN-4 ve
FDN-12 izolatlar1 disindaki tiim izolatlar negatif sonu¢ vermistir.

Cizelge 2. Calismada kullanilan patojen izolatlarin bazi biyokimyasal ve HR test

sonuglari
Table 2. Some biochemical and HR test results of pathogenic strains used in the
study
) YDCA'da NaCl’de gelisme HR testi
Izolatlar mu.kOId KOH Nisastanin hidrolizi 206 506 Titiin  Domates
gelisme
FDN-4 + + + + + + +
FDN-5 + + + + + - +
FDN-6 + + - + + - +
FDN-7 + + - + + - +
FDN-12 + + + + + + +
FDN-15 + + - + + - +

+: Pozitif reaksiyon, -: Negatif reaksiyon

Patojenite ve viriilenslik test sonuclari

HR test sonuglarina gére hem tiitiinde hem de domateste pozitif reaksiyon gosteren
FDN-4 ve FDN-12 izolatlar findik fidanlarinda yapraklarda patojenite ve viriilenslik
testlerine tabi tutulmustur. Bu testler ile ilgili sonuglar Cizelge 3°de verilmistir. Her
iki izolatin da patojenite test sonucu pozitif ¢ikmistir. FDN-4 izolat1 24 saat sonra,
FDN-12 izolat1 ise 48 saat sonra yapraklarda nekrotik doku olusumuna sebep
olmustur. Nekrotik lekenin ¢apt FDN-4’de 18 mm ve FDN-12’de ise 7 mm olarak
Ol¢lilmistiir. Kontrol uygulamasinda her hangi bir nekrotik doku olusumu
goriilmemistir. FDN-4 izolatinin yapraklarda olusturdugu ilk lezyon goriilme siiresi
daha kisa ve 15. giinde lezyon cap1 daha biiyiik oldugu igin in vitro ve in vivo
calismalarinda bu izolat kullanilmigtir. FDN-4 izolatinin viriilenslik testleri ile ilgili
gorseller Sekil 1°de verilmigtir.
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Cizelge 3. Patojen bakteri izolatlarinin patojenite ve viriilenslik test sonuclari
Table 3. Pathogenicity and virulence test results of pathogenic bacterial strains

Viriilenslik testi

Bakteri izolati  Patojenite testi Ik lezyonlarn gériildiigii 15. giinde lezyon capi
zaman (mm)

FDN-4 + 24, saat 18

FDN-12 + 48. saat 7

Kontrol (sH20) - - 0

+: Pozitif reaksiyon, -: Negatif reaksiyon

Uygulama oncesi Uygulamadan 2 gun sonra Uygulamadan 15 gun sonra

Kontrol £ A Kontrol Kontrol

Sekil 1. Xanthomonas arboricola pv. corylina FDN- 4 izolatinin viriilenslik test
sonuglarindan

Figure 1. Virulence test results for the Xanthomonas arboricola pv. corylina FDN-
4 strain on hazelnut leaves

Potansiyel biyoajan bakteri izolatlarimin kati1 besiyerinde hastalik etmenine
kars1 in vitro antibakteriyel etkinligi

Kat1 besiyerinde toplam 314 potansiyel biyoajan bakteri izolat1 patojene kars1 test
edilmistir. Potansiyel biyoajan bakteri cinslerinin, toplam test edilen (TIS), etkili
olan (EIS), hiperparazitik (HEG) veya antibiyosis (AEG) etki gosteren izolat sayilart
Cizelge 4’de verilmistir. Bu sonuglara gore; test edilen toplam 314 potansiyel
biyoajan bakteri izolatindan 47’si patojene kars1 etkili bulunmustur. Bu izolatlardan
46’s1 hiperparazitik etki gosterirken, geriye kalan 1 izolat ise antibiyosis etki
gostermistir. Toplam etkili olan izolatlarin %72’sinin Bacillus cinsine ait oldugu
goriilmiistiir. Ikinci ve ficiincli siwrada ise Brevibacillus (3 izolat) ve
Stthenotrophomonas (2 izolat) cinsleri yer almustir.
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Cizelge 4. Petri denemelerinde potansiyel biyoajan bakteri cinslerinin patojene karsi
etkinlikleri

Table 4. The activity of bacterial genera as potential biocontrol agents against the
hazelnut pathogen, bacterial blight, in Petri dish experiments

Sira Biyoajan Bakteri Cinsleri Tis EiS HEG AEG
1 Bacillus sp. 182 34 34 0
2 Brevibacillus sp. 25 3 3 0
3 Paenibacillus sp. 14 1 1 0
4 Chryseobacterium sp. 12 1 1 0
5 Stenotrophomonas sp. 8 2 2 0
6 Artrobacter sp. 7 1 1 0
7 Paucimonas sp. 6 1 1 0
8 Pseudomonas sp. 5 0 0 0
9 Vibrio sp. 5 1 1 0
10 Rhizobium sp. 4 0 0 0
11 Citrobacter sp. 3 0 0 0
12 Enterbacter sp. 3 0 0 0
13 Kocuria sp. 3 0 0 0
14 Microbacterium sp. 3 0 0 0
15 Pantoea sp. 3 0 0 0
16 Xanthomonas sp. 3 0 0 0
17 Corynebacterium sp. 2 1 1 0
18 Curtobacterium sp. 2 0 0 0
19 Micrococcus sp. 2 1 0 1
20 Paracoccus sp. 2 0 0 0
21 Photohabdus sp. 2 0 0 0
22 Serratia sp. 2 0 0 0
23 Variovorax sp. 2 0 0 0
24 Aeromonas sp. 2 0 0 0
25 Acidovorax sp. 1 0 0 0
26 Erwinia sp. 1 0 0 0
27 Flavobacterium sp. 1 0 0 0
28 Grimontia sp. 1 0 0 0
29 Janthinobacterium sp. 1 0 0 0
30 Lysobacter sp. 1 0 0 0
31 Nisseria sp. 1 0 0 0
32 Ralstonia sp. 1 0 0 0
33 Sphingobacterium sp. 1 0 0 0
34 Sposarcina sp. 1 0 0 0
35 Virgibacillus sp. 1 1 1 0
36 Weksella sp. 1 0 0 0
Toplam izolat sayilari 314 47 46 1

TIS: Toplam test edilen izolat sayisi, EIS: Etkili olan izolat sayisi, HEG: Hiperparazitik etki gdsteren
izolat sayisi, AEG: Antibiyosis etki gdsteren izolat sayisi
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Kat1 besiyerinde patojene karsi etkili oldugu goriilen potansiyel biyoajan
bakterilerin hiperparazitik veya antibiyosis etkinligini gosteren test sonuglar1 ve bu
izolarlarin bazi biyokimyasal test (KOH, fosfor ¢oziiniirliigii, azot fiksasyonu ve
levan olusumu) sonuglar1 Cizelge 5’de verilmistir. Bu sunuglara gore; etkili olan
potansiyel bioajan bakterileri 18’1 Bacillus cereus, 11°i Bacillus sp, 4’ti Bacillus
megaterium, 3’i Bacillus choshinensis, 2’si Stenotrophomonas maltophilia ve 1’er
adeti ise Bacillus psychrosaccharolyticus, Chryseobacterium indoltheticum,
Corynebacterium renale, Micrococcus luteus, Paenibacillus validus, Paucimonas
lemoigne, Vibrio hollisae ve Virgibacillus pantothenticus olmustur. Hiperparazitik
etki gosterenlerde test edilen bakteri izolatlarinin yayilma ¢ap1 8 ile 85 mm arasinda
degismistir. 46 izolat hiperparazitik etki gosterirken sadece 1 izolat (H-33B)
antibiyosis etki gostermistir. Yiiksek etkinlige sahip olan izolatlar; Bacillus sp. K-
15b, Bacillus cereus K-3a, Bacillus cereus K-15d ve B-6D ve Bacillus megaterium
KBA-10 olarak saptanmistir. Bu izolatlarin etkinligi diger izolatlarin etkinliginden
istatiksel olarak da 6nemli ¢ikmistir. Bu yiizden sivi besiyerinde yapilan denemede
biyoajan olarak bu izolatlar kullanilmistir.

Petride test edilen potansiyel biyoajan bakteri izolatlari ile ilgili yapilan bazi
biyokimyasal test sonuglarina goére; toplam 6 izolat (K-8e, K-9¢, K-9d, K-9b, K-21a)
KOH testinde pozitif sonucu gostererek Gram negatif bakteri olarak belirlenmistir.
Geriye kalanlar ise KOH testinde negatif sonu¢ gostererek Gram pozitif olarak
belirlenmistir. Fosfat ¢6zebilme kabiliyeti agisindan toplam 15 izolat (K-8e, K-5e,
K-9e, K-9d, H-33B, K-5¢, Yonca-3, H-14A, H-47A, K-14b, KBA-10, K-3a, B-6D
ve K-15d.) pozitif, geriye kalanlar ise negatif olarak degerlendirilmistir. Azot
fiksasyonu testinde ise toplam 11 izolat (H-32A, K-8e, K-22¢, K-5¢, H-71A, K-9¢,
H-38A, H-43B, H-39A, H-33C ve H-18A) negatif sonug verirken geri kalan 36 izolat
pozitif sonu¢ vermistir. Levan olusumu testinde higbir izolat pozitif sonug
gostermemistir.
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Cizelge 5. Petri denemelerinde potansiyel biyoajan bakteri izolatlarinin patojene
kars1 antibakteriyel etkileri ve izolatlarin biyokimyasal test sonuglari

Table 5. Antibacterial effects and biochemical test results for some bacterial strains
as potential biological control agents of the pathogen, bacterial blight, in

Petri dishes
Hiperparazitik Etki Gosterenler Biyokimyasal Testler
Sira _ lzolat MIS Tani Sonucu Yayilma Cap1 (mm)* KOH F A L
1 K-9e Arthrobacter globiformis 100 =+ 10 ab + + - -
2 K-9A Bacillus cereus 147 + 25 a-c - -+ -
3 K-14b Bacillus cereus 370 + 114 jn - + o+ -
4 K-3a Bacillus cereus 573 + 64 r - + o+ -
5 K-15d Bacillus cereus 700 =+ 10,0 s - + o+ -
6 H-80A Bacillus cereus 160 =+ 1,0 a-d - -+ -
7 H-68A Bacillus cereus 183 =+ 3.2 a-g - - + -
8 H-39A Bacillus cereus 203 + 15 a-i - - - -
9 H-62A Bacillus cereus 213 + 3.2 a-i - -+ -
10 H-72A Bacillus cereus 263 + 12 C-j - - + -
11 K-16b Bacillus cereus 287 + 64 d-k - -+ -
12 H-14A Bacillus cereus 303 + 1.2 g-l - + o+ -
13 K-8c Bacillus cereus 31,3 + 40 h-m - -+ -
14 H-52C Bacillus cereus 330 + 17 i-n - -+ -
15 K-13d Bacillus cereus 353 + 47 jn - -+ -
16 H-18A Bacillus cereus 40,7 + 47 l-o - - - -
17 K-21b Bacillus cereus 41,7 £ 127 I-p - + o+ -
18 H-70B Bacillus cereus 450 + 62 n-q - -+ -
19 K-17c Bacillus cereus 51,3 + 150 o-r - -+ -
20 KBA-10  Bacillus megaterium 543 + 51 r - + o+ -
21 B-6D Bacillus megaterium 600 + 6,6 r-s - + o+ -
22 K-5e Bacillus megaterium 9,3 + 21 ab - + - -
23 K-5¢ Bacillus saccharolyticus 113 + 23 ab + o+ -
24 H-22A Bacillus sp. 533 + 51 p-r - -+ -
25 H-32A Bacillus sp. 8,0 + 10 a - - - -
26 K-9d Bacillus sp. 107 + 1.2 ab + + o+ -
27 H-38A Bacillus sp. 113 + 21 ab - - - -
28 H-93C Bacillus sp. 153 =+ 0,6 a-c - - + -
29 Yonca-3  Bacillus sp. 173 + 1.2 a-f - + o+ -
30 H-93A Bacillus sp. 297 + 35 e-1 - -+ -
31 H-33C Bacillus sp. 300 + 17 f-l - - - -
32 H-47A Bacillus sp. 313 + 76 h-m - + o+ -
33 H-32B Bacillus sp. 357 + 74 jn - -+ -
34 H-68B Bacillus sp. 400 + 30 l-0 - - + -
35 H-87A Bacillus sp. 437 + 100 m-q - -+ -
36 K-15b Bacillus sp. 850 + 0,0 t - -+ -
37 K-22c Brevibacillus choshinensis 9,3 + 15 ab - - - -
38 H-78A Brevibacillus choshinensis 16,7 + 3.2 a-d - - + -
39 H-48B Brevibacillus choshinensis 193 =+ 31 a-h - - + -
40 K-8e Chryseobacterium indoltheticum 9,0 + 1,7 ab + + - -
41 H-90B Corynebacterium renale 153 + 15 a-c - - + -
42 H-71A Paenibacillus validus 100 =+ 17 ab - - - -
43 K-9b Stenotrophomonas maltophilia 170 £ 20 a-e + - + -
44 K-21a Stenotrophomonas maltophilia 220 + 17 b-i + - + -
45 H-59B Vibrio hollisae 123 + 06 ab + - + -
46 H-43B Virgibacillus pantothenticus 130 + 10 ab - - - -
Antibiyosis Etki Gosterenler Biyokimyasal Testler
Sira  Izolat MIS Tan1 Sonucu Zon Cap1 (mm) KOH F A L
1 H-33B Micrococcus luteus 110 + 20 - + o+ -

“Ayni siitun igerisinde aymi harfler ile gosterilen uygulamalar arasinda fark onemli istatistiki olarak ©nemli
bulunmamistir (Duncan g¢oklu karsilagtirma testi, p<0.01), +: Pozitif reaksiyon, -: Negatif reaksiyon, KOH:
Potasyum hidroksit testi, F: fosfat ¢6ztiniirliik testi, A: Azot fizaksiyonu testi ve L: levan olusumu testi
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Potansiyel biyoajan bakteri izolatlarimin sivi besiyerinde hastalik etmenine
kars in vitro antibakteriyel etkinligi

Kat1 besiyerinde yapilan testlerde yiiksek etkiyi gosteren izolatlar; Bacillus sp. K-
15b, B. cereus K-3a, B. cereus K-15d ve B-6D ve B. megaterium KBA-10 biyoajan
bakterisi patojen karsi sivi besiyerinde test edilmis ve biyoajanlarin patojen
bakterinin koloni olusturan bakteri sayisi iizerine etkinligi ile ilgili sonuglar Cizelge
6’da verilmistir. Bu sonuglara gore, baslangictaki biitiin uygulamalarda hem patojen
hem de potansiyel biyoajan bakteriler esit yogunlukta ayarlanmistir. Besinci giinde
biitiin uygulamalarda hem patojenin hem de potansiyel biyoajanin gelisimi devam
etmistir. Onuncu giinde 1, 2, 3, ve 4. uygulamalarda 6nemli bir degisim olmazken,
3. uygulamada (FDN-4 + K-15b) patojen yogunlugunda (1x10*kob/mL) énemli bir
diisiis goriilmiistiir. On besinci giinde ise 1, 2, 3 ve 4. uygulamalarda patojenin
gelisimi tamamen durmustur. 5. uygulamada ise patojenin gelisimi devam etmistir.

Cizelge 6. Sivi besiyerinde patojen ve biyoajan bakteri koloni sayilari
Table 6. Pathogen (bacterial blight) and bioagent bacterial colony counts in broth
medium

Toplam bakteri sayilari (kob/mL)

Uygulamalar Biyoajan/Patojen

0. giin 5. giin 10. giin 15. giin
1 KBA-10 10 x10° 11x108 52 x107 29 x106
FDN-4 10 x10° 6x10° 20 x107 0
2 K-3a 78 x10* 27 x10° 24 x107 23 x108
FDN-4 66 x10* 11 x10° 22 x107 0
3 K-15b 80 x10* 3 x108 4 x108 75 x106
FDN-4 98 x10* 8 x108 1 x10* 0
4 K-15d 40 x10° 42 x10° 65 x10° 1 x108
FDN-4 25 x10° 29 x10° 20 x10° 0
5 B-6D 11 x10° 33 x10° 20 x10° 8 x10°6
FDN-4 9 x10° 33 x10° 90 x10° 17 x10°

Bu sonuglar daha iyi anlagilmasi agisindan Sekil 2’de grafik olarak ve besinci,
onuncu ve on besinci giinde yapilan sayimlara ait gorseler ise Sekil 3’de verilmistir.
Bu denemede, KBA-10, K-3a, k,15b ve K-15d potansiyel bakteri izolatlarinin
patojen bakterinin gelismesini 15. giinde tamamen engelledigi i¢in bu izolatlar in
Vivo denemesinde kullanilmastir.

11
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Sekil 2. Sivi besiyerinde patojen ve biyoajan bakteri koloni sayilari
Figure 2. Pathogen (bacterial blight) and bioagent bacterial colony counts in broth
medium

Sekil 3. Sivi besiyerinden yapilan sayimlara ait Petri denemelerindeki gorseller
Figure 3. Images of Petri dish trials of bacterial blight bioagent bacterial colony
counts in broth medium

Potansiyel biyoajanlarin findik bitkisinde in vivo hastalik gelisimi iizerine
etkinliklerinin belirlenmesi

Sivi besiyerinde etkili olan 4 bakteri izolati (Bacillus sp. K-15b, B. cereus K-3a, B.
cereus K-15d ve B. megaterium KBA-10) findik fidanlarinda yapilan in vivo
denemelerde hastalik gelisimi iizerine etkisinin test edilmesi i¢in kullanilmigtir.
Deneme kurulduktan 36 giin sonra sonuglar degerlendirilmis ve bu sonuglara ait
veriler Cizelge 7°de verilmistir. Bu sonuglara gére; negatif kontrol olarak kullanilan
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sadece saf su uygulamasi yapilan yapraklarda herhangi lezyon olusmamistir. Sadece
patojen uygulamasi yapilan pozitif kontrol uygulamasinda ise olusan lezyonlar
yapragin tiim yiizeyini kaplamistir. Hastalik skalasina gore yapilan degerlendirmede;
biyoajan bakteri uygulamas: yapilan yapraklarda hastalik lezyonlarinin ortalama
skala degeri 1 ile 1,3 arasinda degisirken; sadece patojen uygulamasinda (pozitif
kontrol) bu deger 5 ve negatif kontrol uygulamasinda ise 0 olarak degerlendirilmistir.
Biyoajanlarin hastalik etmenin gelisiminin engellenmesi iizerine olan etkinligi
istatistiki olarak da 6nemli bulunmustur. Uygulamalarda Bacillus sp. K-15b, B.
cereus K-3a, B. cereus K-15d ve B. megaterium KBA-10 izolatlarinin yapraklardaki
hastalik lezyonlarimi sirasiyla %80, %80, %73,3 ve %73,3 oraninda azalttigi
goriilmiigtiir. Deneme sonuglarina ait gorsel Sekil 4’de verilmistir.

Cizelge 7. Biyoajan bakteri izolatlarinin findik fidanlarinda hastalik siddeti {izerine

etkisi
Table 7. The effect of bioagent bacterial isolates on disease severity in hazelnut

seedlings

Uygulamalar Hastalik skalas1* Hastalik siddeti iizerine etkinlik oram (%)

Pozitif kontrol 5,0+£0,00c 0,0

Negatif kontrol 0,0 +0,00 a 100,0

k15-d 1,0+0,00 b 80,0

K-3a 1,0+0,58 b 80,0

K-15b 1,3 0,00 b 73,3

KBA-10 1,3+£0,58b 73,3

*Aynu siitun igerisinde aym harfle gosterilen uygulamalar arasindaki fark énemli degildir (Duncan goklu
kargilagtirma testi, p<0,01).

&
*
L 3

Sekil 4. Biyoajan bakteri izolatlarinin findik fidanlarinda hastalik siddeti iizerine
etkisinden (A: Pozitif kontrol, B: Negatif Kontrol, C: KBA-10+FND-4, D:
K-3a +FND-4, E: K-15b +FND-4 ve F: K-15d+FND-4)

Figure 4. The effects of potential bioagent bacterial strains on bacterial blight
severity on hazelnut seedling leaves (A: Positive control, B: Negative
Control, C: KBA-10+FND-4, D: K-3a +FND-4, E: K-15b +FND-4 and F:
K-15d+FND-4)

B (o] D E

F
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Bulgular ve Tartisma

Bu ¢aligmada kullanilan X. arboricola pv. corylina patojen bakteri izolatlarinin
tanisinda; koloni morfolojisi, bazi biyokimyasal testler (KOH, YDCA’da gelisme,
%2 ve %5 NaCL’de gelisme ve nisastanin hidrolizi), tiitiin ve domateste HR testleri
ve findik bitkisinde patojenite testleri yapilmistir. Bu testlerde elde edilen sonuglar,
EPPO (2004), Pulawska et al. (2010) ve Prokic” et al. (2012)’in ¢alismalarindaki
sonuglarla benzerlik gdstermistir. Xanthomonas cinsine ait bakterilerde domates
bitkisi daha hassas oldugu icin bu bitkide yapilan HR testinin daha hassas sonuglar
verdigi belirtilmektedir (Lelliot & Stead 1987). Bu ¢alismada da domates bitkisinde
yapilan HR testlerinde izolatlar pozitif sonug verirken, tiitiin bitkisindeki testlerde
sadece iki izolat (FDN-4 ve FDN-12) pozitif sonug¢ vermistir.

Bu calismada; patojene karsi antibakteriyel aktivitesi i¢in test edilen toplam 314
potansiyel biyoajan bakteri izolatinin 47’sinin Petri denemelerinde etkili oldugu
tespit edilmistir. Bunlar igerisinden segilen en etkili 5 biyoajan bakteri izolati sivi
besi ortaminda da patojen bakteri izolatinin gelisimine etkisinin belirlenmesi i¢in test
edilmistir. Sivi besi ortaminda patojen gelisimini engelleyen Bacillus sp. K-15b,
Bacillus megaterium KBA-10, Bacillus cereus K-3a ve Bacillus cereus K-15d
izolatlar1 iki yillik findik fidanlarinda hastalik gelisimine etkisi i¢in test edilmis ve
strast ile %73.3, %73.3, %80 ve %80 oraninda hastalik siddeti {izerine etkili oldugu
goriilmiistiir. Biyoajan bakterilerin  patojen bakteriye karst etkinliginin
belirlenmesinde patojen ile biyoajan bakterilerin koloni renklerindeki farkliliktan
yararlanilarak yapilacak in vitro sivi besi ortamindaki zamana bagli olarak toplam
koloni sayilarinin degisiminin in vivo testler i¢in bakteri segiminde 6nemli bir
yontem olabilecegi diisiiniilmektedir.

Bacillus tiirleri fungal hastaliklara karsi ¢ok yaygin sekilde kullanilmaktadir.
Ancak bakteriyel patojenlerden Erwinia amylovora, Agrobacterium tumefaciens,
Pseudomonas syringae pv. phaseoli, Pseudomonas savastanoi pv. savastanoi,
Xanthomonas axonopodis pv. citri ve Xanthomonas axonopodis pv. phaseoli gibi
onemli bitki patojeni hastalik etmeninin biyolojik miicadelesinde de Bacillus cinsine
dahil bakteriyel biyoajanlarin kullanilabilecegini gosteren ¢ok sayida ¢aligmalar
bulunmaktadir (Bahadou et al. 2018; Sangiogo et al. 2018; Sarkar et al. 2018;
Bouaichi et al. 2019; Duman & Soylu 2019; Bozkurt & Soylu 2019 ). Bu ¢alismada,
in vitro denemelerinde patojene karsi 36 farkli bakteri cinsine dahil toplam 314
bakteri izolat1 kullanilmis ve etkili olan izolatlarin %72’sinin Bacillus cinsine ait
oldugu goriilmiistiir. Bu ¢aligmanin sonuglari da biyoajan bakterilerin genis bir
grubunun Bacillus cinsinin olugturdugunu gosteren Diinyadaki diger caligmalar ile
uyumlu oldugunu gostermektedir.

Biyolojik miicadelede 6zellikle Bacillus tiirlerinin kullanimz; bu tiirlerin izl bir
sekilde ¢ogalabilmeleri, olumsuz g¢evresel kosullara olduk¢a dayanikli olmalar1 ve
genis spektrumlu kontrol yetenegi sahip olmalarindan kaynaklanmaktadir. Bacillus
tiirleri, bitki biiyiimesini tesvik eden bakteriler igerisinde ilk sira yer almaktadir.
Patojenlere karsi etki mekanizmalar1 incelenirse; sistemik dayaniklilign tesvik
etmekte, yer ve besin i¢in yliksek rekabet kabiliyetine sahip olup farkli kimyasal
yapida antimikrobiyal bilesikler (lipopeptitler, antibiyotikler ve enzimler)
tiretebilmektedirler (Jamil et al. 2017). Bacillus tiirleri iceren ¢ok sayida ticari iiriin
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bulunmaktadir. Bu ticari iriinlere 6rnek olarak Companion, Subtilex, Kodiak,
Rhizo-Plus ve Quantum 4000 verilebilir (Bora & Ozaktan 1998; Kotan et al. 2009).

Bu calismada etkili olan iki B. cereus izolatinin farkli bitki patojenlerine karsi
biyoajan 6zellik gosterdigini belirten baska calismalar da bulunmaktadir (Savini
2016). Sistemik dayanikliligin tesvik edilmesi biyolojik miicadelede Onemli
mekanizmalardan birisidir. Yapilan bir ¢alismada; B. cereus AR156 izolatinin
Arabidopsis thaliana bitkisinde Pseudomonas syringae pv. tomato’ ya Kkarsi
sistemik dayamklilig: tesvik ettigi gozlenmistir (Niu et al. 2015). Ileride yapilacak
caligmalarda bu bakteri izolatlarinin findikta sistemik dayaniklilik mekanizmasi
iizerine bir etkisinin olup olmadiginin da ayrica arastirilmasi gerekir. B. cereus;
toprakta, bitkilerde, boceklerde ve hemen hemen her yerde bulunmaktadir. Temel
olarak gida zehirlenmesine ve goz enfeksiyonlarina neden olan bir tiirdiir. Bu
calismada potansiyel biyoajanlarin tanis1 Mikrobiyal Identifikasyon Sistemi (MIS)
kullanilarak yapilmistir. Bu tan1 sistemi yag asidi metil esterlerine gore tan1 yapan
bir sistem olup cins diizeyinde yapilan tanida biiyiikk bir dogruluk oranina sahip
oldugu ancak tiir diizeyinde ¢ok giivenilir tan1 sonucu vermedigi bilinmektedir. Bu
yiizden ¢alismada in vivo denemelere tabi tutulan ve orada etkili sonug veren bakteri
izolatlari ile ilgili tantya yonelik ¢alismalarin detaylandirilmasi gerekir. Yine ileride
yapilacak toksikoloji ve ekotoksikolojik ¢aligmalar da bu ¢alismada etkili bulunan
dort farkli bakteri izolati i¢erisinden hangisinin ticari formiilasyon haline getirilmesi
gerektigi konusunda dnemli fikirler verecektir.

Bu ¢alismanin in vivo denemesinde %73,3 oraninda etki gésteren B. megaterium
KBA-10 izolatinin yapilan bir bagka caligmada; Xanthomonas axonopodis pv.
vitians’in sebep oldugu marul yaprak lekesi hastaligini1 %77,7 oraninda engellendigi
saptanmistir (Karagoz & Kotan 2010). Yapilan bir diger ¢alismada; bu biyoajan
bakteri izolatinin da igerisinde bulundugu ¢oklu bakteriden olusan bir
formiilasyonun domates 6z nekrozuna karsi etkili oldugu belirlenmistir (Aktas &
Kotan 2015). Bu ¢alismalar B. megaterium KBA-10 izolatindan gelistirilecek bir
ticari formiilasyonun oldukga genis spektrumlu olabilecegi, bir¢cok hastaligin kontrol
edilmesinde kullanilabilecegini gostermektedir.

Diinyada ve Tiirkiye’de X. arboricola tiiriiniin farkli patovarlarina kars1 yapilan
biyolojik miicadele ¢aligmalar1 bulunmaktadir. Ninot et al. (2002), tarafindan yapilan
bir ¢alismada; ceviz bakteriyel yanikligi hastaligina sebep olan X. arboricola pv.
juglandis ile kimyasal miicadelede azaltilmis ilag denemeleri ile standart ilag
denemelerinin etkinligi karsilastirilmigtir. Arastirma sonucunda azaltilmis ilaglama
programlarinin standart ilag programlari ile ayni ya da daha iyi sonug¢ verdigi
belirlenmistir. Yoriik ve Mirik (2021) tarafindan yapilan bir diger ¢aligmada; X.
arboricola pv. juglandis‘e karsi potansiyel 109 biyoajan bakteri izolatinin in vitro
kosullarda etkileri aragtirilmistir. Arastirma sonucunda, 80 adet izolatin farkli dlglide
inhibasyon zonu olusturdugu, 37 adet izolatin ise patojen gelisimini tamamen
engelledigi tespit edilmistir. Erdal (2011) tarafindan yapilan baska bir ¢aligmada;
28’1 saglikli ceviz agaclarindan izole edilen toplam 34 bakteriyel antagonist X. a. pv.
juglandis’e kars1 in vitro ve in vivo kosullarda test edilmistir. Saglikli ceviz
agaclarindan izole edilen P. fluorescens izolatlar1 hem ceviz meyve testinde hem de
ceviz fidanlarinda bu patojene kars1 etkili bulunmustur. P. fluorescens WH-48/1a ve
P. fluorescens +WH-68 bakteri izolatlarindan olusan kombinasyonun bu bakterilerin
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tek basina yapilan uygulanmalarina oranla daha etkili oldugu saptanmistir. Referans
biyolojik preparat olarak testlenen Pantoea vagans izolat C9-1 (syn. P. agglomerans
C9-1, BlightBan C9-1) ise 3 farkli ceviz ¢esidine ait fidanlarda ve koparilmis ceviz
meyvelerinde hastaligi engellemistir. Bir diger ¢alismada; X. arboricola pv.
pruni’ye karsi Pseudomonas aeruginosa tarafindan iretilen metabolitlerin
antibiyotik aktivitesi in vitro ve sera kosullarinda test edilmis ve bu patojenin
miicadelesinde kullanilabilecegi saptanmistir (Silva Vasconcellos et al. 2014).
Kawaguchi et al. (2014) tarafindan yapilan bir ¢calismada ise; patojenik olmayan
Xanthomonas campestris izolatlarinin iki farkli siispansiyonu X. arboricola pv.
pruni'ye karsi seftali agaclarinda test edilmistir. Her bir uygulamanin yapraklardaki
leke sayisini1 6nemli Slgiide azalttig belirlenmistir.

Son yillarda findik bakteriyel yaniklik hastaliginin iilkemizde yayginlig1 ve cesit
duyarlilig: ile ilgili baz1 ¢aligmalar yapilmistir. Karahan et al. (2013) tarafindan
2007-2010 yillarinda; Sakarya, Diizce, Zonguldak, Samsun, Ordu, Giresun ve
Trabzon illerindeki findik bahgelerinde hastaligin yaygmligimnin arastirilmis ve
hastaligin yayginliginin %1.2 ile % 14.9 arasinda degistigi bildirilmistir. Akin
(2012) yaptigi bir calismada; toplam 16 findik c¢esidinin X. arboricola pv.
corylina’ya kars1 duyarlih@: arastirilmis, %17,57 oran ile incekara g¢esidinin en
dayanikli, %77,51 ile Yass1 Badem ¢esidinin ise en duyarli oldugu belirlenmistir.

Bu ¢aligmada X. arboricola pv. corylina’nin biyolojik miicadelesinde etkili olan
bakterilerin biiyiikk bir c¢ogunlugunun fosfat ¢ozebildigi ve azot fiksasyonu
yapabildigi gorilmiistir. Hatta findik bitkisinde yapilan in vivo denemelerde
kullanilan potansiyel biyoajan bakteri izolatlarinin tamaminin azot fiksasyonu
kabiliyetine sahip oldugu goriilmiistiir. PGPB’larin etki mekanizmalari igerisinde
azot fiksasyonun onemli bir yer tutmaktadir (Glick 2012; Jamil et al. 2017). Azot
fiksasyonu sadece bitki kdk bolgesinde olan bir olay degildir. Bitkilerin
yapraklarinda gelisen bazi bakterilerin de azot fiksasyonu yapabildigi ve bu
bakterilerin bitki gelisimine de 6nemli katkilar saglarken ayni zaman da yaprak
patojenleri ile rekabete girerek bitkileri patojen saldirilarina karsi da koruyabildikleri
tespit edilmistir (Fiirnkranz et al. 2008; Glick 2012). Bu ¢alismada etkili olan 4
bakteri izolatinin hem azot fiksasyonu 6zelligine sahip olmasi hem de X. arboricola
pv. corylina’nin kontroliinde oldukga etkili olmasi ileride gelistirilecek ticari bir
formiilasyonun hem bitki koruma hem de bitki besleme iiriinii olarak findik
iiretimine 6nemli katkilar saglayabilecegi diistiniilmektedir.

Yaptigimiz literatiir aragtirmasinda {ilkemizin yanisira, diinyada X. arboricola pv.
corylina’nin  biyolojik miicadelesinde antagonist bakterilerin kullanildigi bir
calismaya rastlanilmamistir (Lamichhane,& Varvaro 2014). Diger yandan,
taksonomik olarak bu patojene yakin olan Xanthomonas arboricola’nin diger
patovarlart ile ilgili iki ¢aligmaya rastlanmistir. Erdal, (2011) tarafindan yapilan bir
caligmada; ceviz yanikligina neden olan X. arboricola pv. juglandis’in biyolojik
miicadelesinde P. fluorescens ve P. agglomerans’in bazi izolatlarinin etkili oldugu
tespit edilmistir. Bir diger ¢alismada X. arboricola pv. pruni’ye karsi patojen
olmayan Xanthomonas campestris izolatinin hastaligi %69 oraninda azalttig
bildirilmistir (Kawaguchi et al. 2014). Bu caligmanin in vivo denemelerinde 1
Bacillus sp. (K-15b), 1 B. megaterium (KBA-10) ve 2 B. cereus (K-15d, K-3a)
izolatinin X. arboricola pv. corylina’nin kontroliinde etkili oldugu goriilmiistiir. Bu
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yonii ile ¢caligma Diinyada X. arboricola pv. corylina’nin biyolojik miicadelesinde
bakterilerin kullanilabilecegini gdsteren ilk ¢aligmadir. Ancak ¢alisma sonucunun
uygulamaya aktarilabilmesi i¢in formiilasyon, toksikolojik ve ekotoksikolojik
calismalara ihtiyag vardir.

Kaynaklar

Akin M., 2012. Tirk fidik ¢esitlerinin (Corylus avellana L.) bakteriyel yaniklik hastaligina
(Xanthomonas arboricola pv. corylina) kars: tolerans telirlenmesi. Yiiksek lisans tezi,
Ordu Universitesi, Fen Bilimleri Enstitiisii, Ordu. 38 s.

Aktag S. & R. Kotan, 2015. Domates 6z nekrozuna neden olan tmenlere karst PGPR ve
biyojan bakterileri kullanilarak kontrollii kosularinda biyolojik miicadele imkanlarinin
arastirilmasi. Tiirkiye Biyolojik Miicadele Dergisi, 7(2): 89-110.

Alay K., N. Altinyay, O. Hancioglu, F. Diindar & A. Unal, 1973. Karadeniz Bolgesi
findiklarinda dal kurumalari lizerinde arastirmalar. Bitki Koruma Bulteni, 13(4): 202-213.

Apet K.T., R.C. Agale, O.S. Thakur & M.R. Tambe, 2018. Efficacy of bioagents and
botanicals against Xanthomonas axonopodis pv. punicae causing bacterial blight of
pomegranate. International Journal of Current Microbiology and Applied Sciences,
Special Issue (6): 1905-1909.

Bahadou S.A., A. Quijja, A. Karfach, A. Tahiri & R. Lahlali, 2018. New potential bacterial
antagonists for the biocontrol of fire blight disease (Erwinia amylovora) in Morocco.
Microbial Pathogenesis, 117: 7-15.

Bars H.P., 1913. Oregon Experiment Station Biennal Crop Pest and Horticulture Report: A
new Filbert disease in Oregon. Oregon.

Bora T. & H. Ozaktan, 1998. Bitki Hastaliklartyla Biyolojik Savas. Ege Universitesi Ziraat
Fakiiltesi Yayinlari, 1. Baski, Izmir, 183 s.

Bouaichi A., R. Benkirane, S. El-Kinany, K. Habbadi, H. Lougraimzi, S. Sadik & E. Achbani,
2019. Potential effect of antagonistic bacteria in the management of olive knot disease
caused by Pseudomonas savastanoi pv. savastanoi. Journal Of Microbiology,
Biotechnology and Food Sciences, 8(4): 1035-1040.

BozkurtI.A., & S. Soylu, 2019. Elma kok uru hastalig1 etmeni Rhizobium radiobacter’e karsi
epifit ve endofit bakteri izolatlarinin antagonistik potansiyellerinin belirlenmesi. Tekirdag
Ziraat Fakiiltesi Dergisi, 16: 348-361

Brown M.E., S.K. Burlinghan & M.R. Jackson, 1962. Studies on Azotobacter species in soil:
Comparison of media and techniques for counting Azotobacter in soil. Plant and Soil,
17(3): 309-319.

Chavan N.P., R. Pandey, N. Nawani, R.K. Nanda, G.D. Tandon, & M.B. Khetmalas, 2016.
Biocontrol potential of Actinomycetes against Xanthomonas axonopodis pv. punicae, a
causative agent for oily spot disease of pomegranate. Biocontrol Science and Technology,
26(3): 351-372.

Cisneros R.C.A., P.M. Sanchez de & F.J.F. Menjicar, 2017. Identification of phosphate
solubilizing bacteria in a Andisol of Colombian coffee region. Revista Colombiana de
Biotecnologia, 14 (1): 21-28.

Duman K., & S. Soylu, 2019. Characterization of plant growth-promoting traits and
antagonistic potentials of endophytic bacteria from bean plants against Pseudomonas
syringae pv. phaseolicola. Bitki Koruma Biilteni, 59:59-69.

EPPO, 2004. EPPO Diagnostic protocols for regulated pests — PM 7/22. Xanthomonas
campestris pv. corylina. Bulletin OEPP/EPPO, (34): 155-157.

Erdal M., 2011. Bat1 Anadolu’da ceviz bakteriyel yaniklig1 etmeni Xanthomonas arboricola
pv. juglandis’in tanis1 ve entegre miicadele olanaklari lizerine bir arastirma. Doktora tezi,
Ege Universitesi, Fen Bilimleri Enstitiisii, {zmir. 115 s.

17



Findik bakteriyel yaniklik hastaliginin biyolojik miicadelesi

FAQ., 2018. FAOSTAT: URL: http://www.fao.org/faostat/en/#data/QC (Erisim tarihi: 12
Subat 2019).

Fiirnkranz M., W. Wanek, A. Richter, G. Abell, F. Rasche & A. Sessitsch, 2008. Nitrogen
fixation by phyllosphere bacteria associated with higher plants and their colonizing
epiphytes of a tropical lowland rainforest of Costa Rica. The ISME Journal, 2: 561-570.

Glick B.R., 2012. Plant growth-promoting bacteria: Mechanisms and applications.
Scientifica, 2012: 1-15.

Jamil S.,; T. Hui & J. Mingshan, 2017. Bacillus species as versatile weapons for plant
pathogens: a review. Biotechnology and Biotechnological Equipment, 31(3): 446-459.
Karagoz K. & R. Kotan, 2010. Bitki gelisimini tegvik eden bazi bakterilerin marulun gelisimi
ve bakteriyel yaprak lekesi hastalig1 lizerine etkileri. Tiirkiye Biyolojik Miicadele Dergisi,

1(2): 165-179.

Karahan A., 2018. Findiklarda Bakteriyel Yaniklik. Bitki Bakteri Hastaliklari. (Editor:
Saygili H., Y. Aysan, F. Sahin, S. Soylu ve M. Mirik, 2018. Bitki Bakteri Hastaliklari.
Toprak Ofset Matbaacilik, Tekirdag, ISBN: 978-6054-2655-4-1., 211-216.

Karahan A., S. Altundag, H. Duran & A.O. Kiling, 2013. Karadeniz bolgesinde findik
bakteriyel yanikligi (Xanthomonas arboricola pv. corylina (Miller et al.) Vauterin et al.)
hastaliginin yayginlig1 tizerine arastirmalar. Bitki Koruma Biilteni, 53(3): 159-174.

Kawaguchi A., K. Inoue & Y. Inoue, 2014. Biological control of bacterial spot on peach by
nonpathogenic Xanthomonas campestris strains AZ98101 and AZ98106. Journal of
General Plant Pathology, 80: 158-163.

Khodakaramian G., A. Heydari & G.M. Balestra, 2008. Evaluation of Pseudomonads
bacterial isolates in biological control of citrus bacterial canker disease. International
Journal of Agricultural Research, 3(4): 268-272.

Klement Z. & R.N. Goodman, 1967. The hypersensitive reaction to infection by bakterial
plant pathogens. Annual Review of Phytopathology, 5: 17-44.

Klement Z., K. Rudolph & D.C. Sands, 1990. Methods in Phytobacteriology. Akademial
Kiado. Budapest, 547 p.

Kotan R. & F. Sahin, 2002. Bitki hastaliklar1 ile biyolojik miicadelede bakteriyel
organizmalarin kullanilmasi. Atatiirk Universitesi Ziraat Fakiiltesi Dergisi, 31(1): 111-
119.

Kotan R., 1998. Domates ve biber bakteriyel leke hastaligi ile biyolojik savasta actigard ve
bazi antagonistlerin etkinligi. Yiiksek lisans tezi, Atatiirk Universitesi, Fen Bilimleri
Enstitiisii, Bitki Koruma Anabilim Dali, Erzurum. 47 s.

Kotan R., 2002. Dogu Anadolu Bolgesi’nde yetistirilen yumusak ¢ekirdekli meyve
agaclarindan izole edilen patojen ve saprofitik bakteriyel organizmalarin klasik ve
molekiiler metotlar ile tanisi1 ve biyolojik miicadele imkanlarinin aragtirtlmasi. Doktora
tezi, Atatiirk Universitesi, Fem Bilimleri Enstitiisii. Bitki Koruma Anabilim Dal,
Erzurum. 217 s.

Kotan R., N. Dikbas & H. Bostan, 2009. Biological control of post harvest disease caused by
Aspergillus flavus on stored lemon fruits. African Journal of Biotechnology, 8(1): 209-
214,

Lamichhane J.R. & L. Varvaro, 2014. Xanthomonas arboricola disease of hazelnut: Current
status and future perspectives for its management. Plant Pathology, 63(2): 243-254.

Lelliot R.A. & D.E. Stead, 1987. Methods For the Diagnosis of Bacterial Diseases of Plants.
Black Well Scientific Puplication, 157 p, Oxford, USA.

Li S.B., M. Fang, R.C. Zhou & J. Huang, 2012. Characterization and evaluation of the
endophyte Bacillus B014 as a potential biocontrol agent for the control of Xanthomonas
axonopodis pv. dieffenbachiae induced blight of anthurium. Biological Control, 63(1): 9-
16.

18



Turkish Journal of Biological Control Gutierrez & Kotan, 2023, 14(1): 1-19

Lopes L. P., A.G. Oliveira Jr, J.P. Beranger, C.G. Gdis, F.C. Vasconcellos, J.A. San Martin
& G. Andrade, 2012. Activity of extracellular compounds of Pseudomonas sp. against
Xanthomonas axonopodis in vitro and bacterial leaf blight in eucalyptus. Tropical Plant
Pathology, 37(4): 233-238.

Miller P.W., P.W. Bollen & J.E. Simmons, 1949. Filbert Bacteriosis and its Control. Oregon
Agricultural Experimental Station, 107p, Oregon, USA.

Moore L.W., H.B. Lagerstedt & N. Hartmann, 1974. Stress predisposes young filbert trees to
bacterial blight. Phytopathology, 64: 1537-1540.

Nashwa S.M., 2011. Biological control of common blight of bean (Phaseolus vulgaris)
causedby Xanthomonas axonopodis pv. phaseoli by using the bacterium Rahnella
aquatilis. Archives of Phytopathology and Plant Protection, 40(20): 1966-1975.

Ninot A.A., N.C. Moragrega & E. Montesinos, 2002. Evaluation of a reduced copper
spraying program to control bacterial blight of walnut. Plant Disease, 86(6): 583-587.
Niu, D., J. Xia, C. Jiang, B. Qi, X. Ling, S. Lin & H. Zhao, 2015. Bacillus cereus AR156
primes induced systemic resistance by suppressing miR825/825* and activating defense-

related genes in Arabidopsis. Journal Of Integrative Plant Biology, 58(4): 426-439.

Prokic’, A., K. Gasic’, M.M. Ivanovic’, N. Kuzmanovic’, M. Sevic’, J. Pulawska & A.
Obradovic, 2012. Xanthomonas arboricola pv. corylina detection and identification
methods. Journal of Plant Pathology, 99(1): 127-133.

Pulawska J., M. Kaluzna, A. Kolodziejska & P. Sobiczewski, 2010. Identification and
characterization of Xanthomonas arboricola pv. corylina causing bacterial blight of
hazelnut: a new disease in Poland. Journal of Plant Pathology, 92(3): 803-806.

Salah E.K., T. Marimuthu, D. Ladhalakshmi & R. Velazhahan, 2007. Biological control of
bacterial blight of cotton caused by Xanthomonas axonopodis pv. malvacearum with
Pseudomonas fluorescens. Archives of Phytopathology and Plant Protection, 40(4): 291-
300.

Sands D.C., 1990. Physiological criteria-determinate tests. In: Methods in Phytobacteriology.
Ed: Klement, Z.; Rhudolp, K.;Sands, D. C., Academia Kiado, 104p, Budapest, Hungary.

Sangiogo M., D.R. Pimentel, R. Moccellin, J.M. Murcia Bermudez, B.C. Obes & A.M.
Bittencourt, 2018. Foliar spraying with bacterial biocontrol agents for the control of
common bacterial blight of bean. Pesquisa Agropecuaria Brasileira, 53(10): 1101-1108.

Sarkar D., F. Hossain, Z. Hasan, F.Z. Zannati, A. Roushan, F. Hasan & B. Sikdar, 2018. PCR
amplification and sequencing Of Xanthomonas axonopodis pv. citri in citrus canker and
its antagonistic control measures. Journal of Intenational Academic Research For
Multidiciplinary, 5(12): 1-15.

Savini V., 2016. The Diverse Faces of Bacillus cereus. Academic Press, 159 p, Pescara, Italy.

Schaad N.W., J.B. Jones & W. Chun, 2001. Laboratory Guide for Identification of Plant
Pathogenic Bacteria 3nd ed. APS Press, St Paul, USA.

Silva Vasconcellos, F., A. de Oliveira, L. Lopes-Santos, A. Oliveira Beranger, M. Torres
Cely, A. Simionato, J. Pistori, F. Spago, J. de Mello, J. San Martin, C. Jesus Andrade &
G. Andrade, 2014. Evaluation of antibiotic activity produced by Pseudomonas aeruginosa
LV strain against Xanthomonas arboricola pv. pruni. Agricultural Sciences, 5: 71-76.

Ulusal E., & H.M. Aksoy, 2017. Samsun Ilinde findik bakteriyel yamklik etmeni
Xanthomonas arboricola pv. corylina’nin yayginlik durumunun ve TIP III efektér R
genlerinin belirlenmesi. Yiiksek lisans tezi, Ondokuz Mayiz Universitesi, Fen Bilimleri
Enstitiisli, Samsun. 69 s.

Vauterin L., B. Hoste, K. Kersters & J. Swings. 1995. Reclassification of Xanthomonas.
International Journal of Systematic Bacteriology, 45: 472-489.

Yoriik B. & M. Mirik, 2018. Ceviz bakteriyel etmeni Xanthomonas arboricola pv. juglandis’
e kars1 antagonist bakteriyel izolatlarin in vitro kosullarda biyokontrol etkinlerinin
belirlenmesi. Tekirdag Ziraat Fakiiltesi Dergisi, 18(3): 569-577.

19



Turkish Journal of Biological Control 2023, 14 (1): 20-29
Tiirk. Biyo. Miicadele Derg. 2023, 14 (1): 20-29
DOI: 10.31019/tbmd.1200190 ISSN 2146-0035-E-ISSN 2548-1002

Ozgiin makale (Original article)

Giineydogu Anadolu Bélgesi’nde pamuk ekilis alanlarindaki
yaprakpireleri (Hemiptera: Cicadellidae) ile birlikte avci
boceklerin belirlenmesi-

Determination of leafhoppers and predators in cotton areas in the
Southeastern Anatolia Region of Tiirkiye

Tahir UGUR?, Erol BAYHAN?

Abstract: The Southeastern Anatolia Region includes nearly 60% of Tiirkiye’s cotton
production areas. Although there are many factors affecting cotton yield and quality,
leafhoppers are one of the main factors. There are many methods used for the control of
harmful insects, an important one of which is biological control. This study was carried out
in the years 2021 and 2022. The aim was to determine the predators present in cotton fields
where leafhoppers were common in Sanliurfa, Diyarbakir and Mardin Provinces, which are
important cotton production areas. Surveys were carried out weekly with sweep nets and by
visual inspection. The predatory species collected were prepared for identification in the
laboratory and identified by a specialist. Species belonging to the families Chrysopidae,
Coccinellidae, Lygidae, Miridae and Nabidae were identified. Among the predators,
Chrysoperla carnea Stephens (Neuroptera: Chrysopidae), Hippodamia variegata Goeza
(Coleoptera: Coccinellidae) and Geocoris megacephalus Rossi (Hemiptera: Lygidae) were
widespread.

Keywords: Southeast Anatolia Region, Cotton, Leafhoppers, Predators

Oz: Giineydogu Anadolu Bolgesi Tiirkiye pamuk {iretim alanlarinin yaklasik%60’ma yakin
kismini kapsayan bir bolgedir. Pamuk iiretim alanlarinda tiretimi, kaliteyi ve verimi etkileyen
pek cok etmen bulunmakla beraber, yaprakpireleri bu etmenler arasinda énemli bir yere
sahiptir. Zararl tiirler ile miicadelede pek c¢ok yontem bulunmaktadir. Bunlar iginde
Biyolojik Miicadelede 6nemli bir yere sahiptir. Calismada2021 ve 2022 yillarinda iilkemizde
pamuk tarimi yapilan alanlar igerisinde pamuk tiretimi agisindan 6nemli bir alana sahip olan
Sanliurfa, Diyarbakir ve Mardin Illerinde pamuk iiretim alanlarinda yaprakpireleri ile birlikte
goriilen avci boceklerin belirlenmesi amaglanmigtir. Aver boceklerin saptanmasinda atrap ve
gozle kontrol metodu kullanilmistir. Survey caligmalar1 Sanlurfa, Diyarbakir ve Mardin
illerinde pamuk ekim alanlarinda, 6zellikle son yillarda yaprak piresinin yogun olarak
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goriildiigii yerlerde haftalik periyotlarla yiriitiilmiistiir. Elde edilen faydali tiirler
laboratuvarda teshise hazir hale getirilerek konu uzmanlarina teshis ettirilmistir. Teshisler
sonucunda; Coccinellidae, Miridae, Lygidae, Nabidae ve Chrysopidae familyalarina ait tiirler
belirlenmistir. Saptanan tiirler arasinda, Chrysoperla carnea Stephens (Neuroptera:
Chrysopidae), Hippodamia variegata Goeza (Coleoptera: Coccinellidae) ve Geocoris
megacephalus Rossi (Hemiptera: Lygaidae, Geocorinae) tiirlerinin yogun oldugu
belirlenmistir.

Anahtar Kelimeler: Giineydogu Anadolu Bolgesi, Pamuk, Yaprakpireleri, Avci Bocekler,

Giris

Pamuk (Gossypium hirsutum L.), endiistriyel alanda kullanilan ve ekonomik degeri
acisindan 6nemli bir yere sahip olan bir endiistri bitkisidir. Diinya pamuk tiretiminin
yaklagik % 80’i Cin, Hindistan ve ABD’nin basta oldugu ¢ok az sayida iilke
tarafindan yapilmaktadir (Anonymus 2019). Diinyada pamuk iiretim alanlarinda
2020/2021 yilinda diisiis oldugu goriilmekle beraber bu diisiisiin sebebinin Covid-19
salgininin etkisi oldugu diisiiniilmektedir (Tokel 2021).

Tirkiye’de pamuk ekimi Ege, Akdeniz ve Giineydogu Anadolu bolgelerinde
genis alanlarda yapilmaktadir. Tiirkiye’de 3.58 milyon dekar alanda pamuk tiretimi
yaptlmaktadir (Tiremen 2022). Tirkiye pamuk iiretiminin %60’1 Gilineydogu
Anadolu Bolgesi’nde 2.9 milyon dekarlik alanda yapilmakta olup (Melik 2022),
Giineydogu Anadolu Boélgesi’nde pamuk iiretimi agirlikli olarak Sanliurfa ve
Diyarbakir illerinde yapilmaktadir (Tiiremen 2022).

Son yillarda, GAP Projesiyle bolgede sulanabilir yeni tarim alanlarinin artisiyla
birlikte, pamuk ekilis alanlarinda da artits meydana gelmistir. Bu artis ile dogru
orantili olarak pamuk tarlalarinda hastalik ve zararlilar ile yabanci ot sorunlarinin
artacagl arastiricilar tarafindan 6ngorilmiistiir. Bu kapsamda GAP Bolgesi’ndeki
pamuk iireticilerinin bilingsiz pestisit uygulamalari ile dogal diismanlarin tehlikede
oldugu bildirilmistir (Bayhan et al. 2015). Artan maliyet, bilingsiz miicadele ve
iscilik gibi girdilerin giderek arttig1 pamuk yetistiriciliginde ¢evreyle dost olabilecek
her tiirlii entegre miicadele yontemlerinin 6nemli oldugu ve desteklenmesi gerektigi
goriilmektedir (Copur 2018). Pamugun yaklasik 1336 tiir bocege konukguluk ettigi
ve bunlardan bir kismi pamuk ile beslenmezken digerlerinin pamuk bitkisinin farkli
aksamlar1 ile beslendigi bildirilmistir (Rajendran et al. 2018). GAP boélgesinde de
pamuk bitkisinde bir¢ok zararli oldugu bilinmektedir ve bu zararl tiirlerden biri de
olgunlasma doneminde zarar olusturan yaprakpireleri (Hemiptera: Cicadellidae)’dir
(Eren 2015). Moffitt & Reynolds (1972) tarafindan California (A.B.D.)’da yapilan
bir caligmada pamuk bitkisinin ilk {i¢ 6nemli zararhilar1 arasinda yaprakpirelerinin
oldugu bildirilmistir Yaprakpirelerinin yapraklarin alt yiizeylerinde beslenmesi
sonucunda parlak ince bir tabaka seklinde bir zarar meydana getirmektedir (Karaat
et al. 1987; Anonymous 2008) Yaprakpirelerinin Ege Bolgesi’nde pamuk bitkisinde
meydana getirdigi zarar ve verim kayiplari iireticiler tarafindan fark edilmeye
baslandigi gozlemlenmistir (Diindar et al. 2012).

Pamuk yetistiriciliginde Tiirkiye’de oldugu gibi diinyada yogun bir insektisit
kullanimi olmaktadir (Bayhan et al. 2015; Demir6z 2015). GAP bolgesinde pamukta
ozellikle yaprakpirelerinin 6nemli zararlar olusturdugu (Diindar et al. 2012) ve
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bunlara kars1 yogun bir insektisit kullanildig1 bilinmektedir. Kullanilan pestisitlerin
pamuk tarlalarinda faydali boceklere olumsuz etkileri olmaktadir (Melik 2022;
Kwizera 2017; Kurt & Bayhan 2019). Ozellikle dogal denginin daha fazla
bozulmamasi agisindan mutlaka mevcut biyolojik miicadele etmenlerinin
belirlenmesi ve biyolojik miicadelede iimitvar olan faydali organizmalarin
saptanmasi ¢ok dnemlidir.

Bu ¢aligsma, Giineydogu Anadolu Bolgesi’nin en fazla pamuk ekim alanina sahip
Diyarbakir, Sanlurfa ve Mardin Illerindeki pamuk tarlalarinda son yillarda
popiilasyon yogunluklarinin arttigi ve verim kayiplarina sebep oldugu gozlenen
yaprakpirelerinin ve avci boceklerin belirlenmesi amaciyla yiiritilmiistir.

Materyal ve Yontem

Bu ¢alisma,2021 ve 2022 yillarinda GAP Bolgesi igerisinde yer alan en fazla pamuk
ekim alanlarina sahip il ve ilgelerde yiiriitilmistiir. Diyarbakir (Bismil, Cinar,
Ergani, Sur ve Yenisehir), Sanlurfa (Haliliye, Siverek, Harran, Akgakale, Eyyiibiye
ve Viransgehir) ve Mardin (Derik ve Kiziltepe) illerinde yiriitiilmiis olup, yaklagik
11.980 da pamuk ekim alaninda (Cizelge 1) survey yapilmistir.

Cizelge 1. Diyarbakir, Sanliurfa ve Mardin Illeri pamuk {iretim alanlarinda yapilan
surveylere ait bilgiler

Table 1. Survey information for the predators of leafhoppers in cotton production
areas of Diyarbakir, Sanliurfa and Mardin Provinces, Turkiye

il e Toplam Kontrol Alani Ornekleme
(da) Sayis1 (Adet)
Sanliurfa Virangehir 975 18
Harran 1280 17
Siverek 470 7
Akcakale 750 13
Haliliye 535 8
Eyyiibiye 120 5
Mardin Kiziltepe 1460 23
Derik 670 9
Diyarbakir Bismil 2450 24
Sur 400 13
Yenigehir 335 18
Ergani 320 7
Cinar 2215 17

Orneklemeler 31 Mayis 2021 - 25 Ekim 2021 ve 30 Mayis 2022 —19 Eyliil 2022
tarihleri arasinda pamuk yetistirme sezonlarinin basindan hasat dénemlerine kadar
haftalik araliklarla surveyler yapilmstir.

Gozle kontrol yontemi

Calismanin yuritildiigli pamuk alanlarinda haftalik peryotlarda gozle kontrol
yontemi ile surveyler yapilmistir. Bu surveylerde tarlayi temsil edecek sekilde en az
3 farkli yerde rastgele segilen 10 pamuk bitkisi {izerinde goriilen bocekler agiz
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aspiratorii ile alinmis ve toplanan bireyler etiket bilgisiyle birlikte posetlere
konulmustur. Daha sonra laboratuvarda bocek 6ldiirme kaplarinda tutularak uygun
sekillerde faydali ve zararli olmak iizere ayrimlar1 yapilarak teshise hazirlanmistir.
Teshise hazir hale getirilen 6rnekler konu uzmanlarina génderilmistir.

Atrap ile toplama yontemi

Diyarbakir, Sanliurfa ve Mardin’de s6z konusu ilgelerdeki pamuk iiretim alanlarinda
yapilan surveylerde tarlanin 20-25 m igerisinden baglanmak tizere kosegenleri
dogrultusunda 15-20 adimda bir atrap (standart, 90 cm sap uzunlugu ve 38 cm
cember c¢apinda) sallamak suretiyle toplamda 50 atrap sallanarak Ornekleme
yapilmigtir. Atrapta elde edilen 6rnekler 6ldiirme sisesinde Oldiiriildiikten sonra
etiket bilgisiyle birlikte posetlere konulmustur. Daha sonra bu O6rnekler
laboratuvarda uygun sekillerde faydali ve zararli olarak ayrimlari yapilmigtir.
Ornekler teshise hazirlanarak, uzman kisilere génderilmistir.

Bulgular ve Tartisma

Diyarbakir, Sanlurfa ve Mardin illerinde 2021 ve 2022 yillarinda yiiriitiilen bu
caligma ile yaklagik 11.980 da pamuk alaninda yaprakpireleri ile birlikte goriilen avci
boceklerin surveyleri yapilmis olup, toplamda, 179 6rnek alinmistir (Cizelge 1).

Caligsma yiiriitiilen alanlarda yapilan gozle kontrol ve atrapla toplama yontemleri
ile elde edilen ornekler, teshis sonuglarina gore yaprakpireleri ve yaprakpireleri ile
beslenen (Cizelge 2) avcr boceklerin il ve ilge bazli olarak kayit altina alinmistir
(TAGEM 2022). Calisma yapilan alanlarda yaprak piresi popiilasyonunun varligi ve
yogunluklarinda g6z 6niinde bulundurulmustur.

Cizelge 1’de belirtilen alanlarda surveyler sonucunda; Cicadellidae familyasina
bagli Asymmetrasca decedens (Paoli) ve Empoasca decipiens Paoli tiirleri ile
Coccinellidae, Miridae, Lygaeidae ve Nabidae familyalarina bagl faydali aver tiirler
tespit edilmistir. Bunlar; 7 tiir Coccinellidae, 1 tiir Miridae, 5 tiir Lygaeidae, 2 tiir
Nabidae ve 1 tiir de Chrysopidae familyalarina ait tiirler Cizelge 3’te gosterilmistir.

Cizelge 2. Diyarbakir, Sanlurfa ve Mardin Illerinde yaprakpireleri ile beslenen avci
bocek tiirleri

Table 2. Predatory insect species feeding on leafhoppers in cotton fields in
Diyarbakir, Sanliurfa and Mardin Provinces, Turkiye

Takim Familya Tiirler

Coleoptera  Coccinellidae  Stethorus gilvifrons (Mulsant)
Oenopia conglobata (Linnaeus)
Propylaea quatuordecimpunctata (Linnaeus)
Hippodamia variegata (Goeze)
Coccinella septempunctata (Linnaeus)
Nephus nigricans (Weise)

Hemiptera Lygaeidae Geocoris megacephalus (Rossi)

Nabidae Nabis punctatus Costa
Neuroptera  Chrysopidae  Chrysoperla carne (Stephens)
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Yaprakpireleri ile beslenen avcr boceklerin 2021 ve 2022 yillarinda yiiriitiilen
calismada elde edilen tiirlere bakildiginda gesitlilik olarak Coccinellidae familyasina
ait olduklar1 goriilmektedir. Ozellikle Agustos ve Eyliil aylarinda yiiksek
popitilasyonda oldugu goriilen yaprakpirelerine bakildiginda, avcir boceklerin bir
kisminin  popiilasyonunun da arttigr goriiliitken bazilarinin  ise azaldig1
goriilmektedir (Sekil 1). Calisma sirasinda, Chrysopidae, Miridae ve Coccinellidae
familyasindaki avci bocek sayilari tespit edilen diger familyalardaki avei boceklere
oranla daha yiiksek oldugu gozlemlenmistir. Elde edilen &rneklerin teshisleri
sonucunda avci bocek tiirlerinin illerdeki durumu Cizelge 3’de verilmistir. Avci
bocek sayilarinin kimyasal miicadelenin fazla oldugu Sanliurfa’da ekim alaninin ¢ok
yiiksek olmasina ragmen daha diisiik sayida oldugu, ilaglama sayisinin daha az
oldugu Mardin ve Diyarbakir’da ise avci bocek sayisinin daha fazla oldugu
gOriilmiistiir.

Surveyler sonucunda alinan Ornekler yaprakpirelerinin ve yaprakpireleri ile
beslenen avci bdceklerin sayimlar1 aylik ortalama olarak verilmistir. Sonuglara
istinaden 2021 yilinda Mardin ilinde Goecoris spp. yogun oldugu goriiliirken,
Diyarbakir’ da Geocoris spp. ile birlikte Nabis spp. ve Coccinellidae familyasina
balg1 tirlerin yogunlugu dikkat c¢ekmektedir. Sanliurfa’da Geocoris spp. ve
Deraeocoris spp. familyasina bagh tiirlerin Haziran ayindaki yogunlugu dikkat
¢ekmigtir. Mardin ilinde 2022 yilinda Chrysoperla carneayogunlugu Haziran ayinda
fazla iken Diyarbakir ve Sanliurfa sezon boyunca 2021 yilinda oldugu gibi arazide
mevcut oldugu sonucuna varilmistir. Her iki yilda da goriilen avci bocek
popiilasyonlar1 bolgede yapilan ilaglamalara ve miicadelelere gore degistigi
goriilmektedir. [laglamanin daha az oldugu Haziran ayinda avci bcek sayilart yogun
olurken, yapilan miicadele yontemine gore sonraki donemde sayilarina bakilarak
C.carnea’nin hizli bir sekilde degisim gosterdigi goriilmiistiir.
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Sekil 1. 2021 ve 2022 yillar1 yaprak piresi ve yaprak piresi ile beslenen avci
boceklerin popiilasyon yogunlugu
Figure 1. The population densities of leafhoppers and predatory insects feeding on
them in coton fields in Diyarbakir, Sanlurfa and Mardin Provinces,
Turkiye in 2021 and 2022

Bu ¢alismada diger zararl tiirler ile birlikte Asymmetrasca decedens (Paoli) ve
Empoasca decipiens (Paoli) tiirleri tespit edilmistir. Calismada zararlimin en yogun
goriildiigii donemde gozle kontrol yontemine gore bitki basina ortalama 40-50 arasi
birey goriilmekte iken atrap basina ise bu saymin 5-13 arasinda oldugu tespit
edilmistir. Yaprakpireleri populasyonunun 2021 ve 2022 yillarinda pamuk
yetistiriciliginde hasada kadar olan siirede Agustos ayinda artmaya basladigi, Eyliil

ayinda populasyon ortalamasinin yiiksek oldugu ve Ekim ayinda populasyonun hizla
diistiigli gézlemlenmistir.
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Cizelge 3. Diyarbakir, Sanliurfa ve Mardin illerinde 2021-2022 yillar1 arasinda
pamuk alanlarinda bulunan yaprakpireleri ve avci bocek tiirleri

Table 3. Leafhoppers and predatory insect species collected in cotton fields in
Diyarbakir, Sanliurfa and Mardin Provinces of Turkiye in2021-2022

Takim Familya Tiirler Sanlurfa Diyarbakir Mardin

Coleoptera  Coccinellidae  Stethorus gilvifrons + + +
(Mulsant)
Oenopia conglobata - + +
(Linnaeus)
Propylaea - + +
quatuordecimpunctata
(Linnaeus)
Hippodamia variegata + + +
(Goeze)
Coccinella septempunctata + + +
(Linnaeus)
Nephus nigricans (Weise) + - +

Hemiptera  Miridae Deraeocoris serenus - + -
(Douglas & Scott)

Lygaeidae Geocoris erythrocephalus + + -
(Lepeletier & Serville)
Geocoris megacephalus + + +
(Rossi)
Geocoris punctipes (Say) + + -
Geocoris pallidipennis + - +
(Costa)
Geocoris putonianus + + -
Bergroth
Nabidae Nabis pseudoferus + + +

orientarius Remane
Nabis punctatus Costa
Neuroptera Chrysopidae  Chrysoperla carne
(Stephens)
Hemiptera  Cicadellidae ~ Asymmetrasca decedens + + +
(Paoli)
Empoasca decipiens (Paoli)

+
+
+

Calismada Diyarbakir ilinde Stethorus gilvifrons (Mulsant) ve Hippodamia
variegata (Goeze) tiirlerinin yogunluklarinin diger aver bocek yogunluklarina oranla
fazla oldugu gorulmistiir. Mardin ‘de Chrysoperla carne (Stephens), Geocoris
megacephalus (Rossi) ve Geocoris punctipes (Say) tiirlerinin diger avc tiirlerden
yogun oldugu goriilmiistiir. Sanlurfa’da ise Geocoris megacephalus (Rossi), Nabis
(Nabis) pseudoferus orientarius (Remane 1962), ve Nabis punctatus A. Costa, 1847
tiirlerinin diger avc tiirlere oranla fazla oldugu goriilmiistiir.

Calismanin  yiriitildigi alanlarda yaprakpirelerinin - pamuk  bitkisinin
olgunlasma doneminde yogun oldugu goézlemlenmistir. Melik (2014)’in
Sanliurfa’da pamuk iiretim sezonu boyunca yiiriittiigii ¢alismada, zararli emici
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boceklerin  dogal diigmanlarimi tarla kosullarinda takip etmistir. Arastiricinin
calismasinda baz1 yararh tiirler (Nabis sp. Geocoris spp., Orius sp. ve Deraecoris
sp., Scymnus sp., Coccinella septempunctata, Adonia variegata, Chysoperla carnea)
oldugunu bildirmistir. Yine Sanliurfa (Harran)’da yiiriitiilen baska bir ¢alismada ise
pamuk alanlarinda zararli olan beyazsinek ile dogal diigmanlarinin popiilasyon
degisimleri arastirilmistir (Mamay & Yiicel 2005). O galismada; Stethorus gilvifrons
(Mulsant), Piocoris sp., Cardiastethus sp., Adonia variegata (Goezze), Geocoris
megacephalus (R), Nabis punctatus (Costa), Camptobrochis sp., ve Chysoperla
carnea (Stephens) tiirleri belirlenmistir. Goven & Efil (1992) Giineydoguda Bolgesi
pamuk alanlarinda yaptiklar1 galismada; Orius spp. (Hemiptera: Anthocoridae),
Geocoris spp. (Hemiptera: Lygaeidae), Nabis spp. (Hemiptera: Nabidae) ve
Chrysoperla carnea Stephens (Neuroptera: Chrysopidae) tiirlerini saptamislardir. Bu
calismada tespit edilen predator tiirleri ile lilkemizde daha dnce pamukta yiiriitiilen
calismalarda tespit edilen predator tiirler ile benzerlik gostermektedir.

Ulkemizde pamuk iiretimi yapilan diger bolgelerde yapilan c¢alismalar-
incelendiginde; Atakan & Ozgiir (1994)’a gére Cukurova’da yaprakbitlerinin yogun
bulundugu yerlerde saptanan dogal diismanlarin Scymnus spp, Chrysoperla carnea
(Stephens), Orius spp. ve Deraeocoris pallens (Reul.) predatér tiirlerin bulundugu
goriilmektedir. Aydin ilinde pamuk tarlasinda zararli ve dogal diismanlar ile ilgili
yapilan bir ¢aligma sonucunda ise Chrysoperla carnea (Stephens) (Chrysopidae),
Adonia variegata (Goeze) (Coccinellidae), Nabis spp. (Nabidae), Coccinella
septempunctata Linnaeus (Coccinellidae), Coccinella undecimpunctata Linnaeus
(Coccinellidae), Orius spp. (Anthocoridae), Stethorus spp. (Coccinellidae), Geocoris
spp. (Geocoridae) ve Campylomma diversicornis Reuter (Miridae) tiirleri oldugu
bildirilmistir (Karagéz 2020). Bunun yaninda Aydin’da yapilan bagka bir ¢alismada
birgok ortak avci bocek varligr saptanmustir (Copul & Gengsoylu 2020, Kavut et al.
1974). Bu veriler dogrultusunda Cizelge 2’de belirtilen avci boceklerin Tirkiye
pamuk alanlarinda goriilebilen genel avcilar oldugu goriilmektedir. S6z konusu bu
avcilarin genig bir konuk¢u dizilimine sahip olmasindan dolay1 bir¢ok alanda
goriilebilmektedir. Baspmnar et al. (1994)’mm, Aydin ili pamuk ve turunggil
yetistiriciligi yapilan alanlarda yaprakpireleri Empoasca decipiens Paoli ve
Asymmetrasca decedens (Paoli) (Hemiptera: Cicadellidae) tiirlerinin popiilasyonu
ile ilgili olarak faydali bocek tiirleri tespit etmislerdir. O g¢alismada bulunan
Geocorissp., Nabis pseudoferus, Deraeocoris pallens, Chrysoperla carneatiirleri
mevcut caligmada da bulunmustur. Kaya & Atakan (2022), 2017-2018 yillari
arasinda Adana Ili Balcali’da pamuk alaninda yiiriittiikleri bir calismada tespit etmis
oldugu tiirlerden arasinda Coccinella Septempunctata L., Geocoris arenarius, Orius
sp., Nabis sp. ve Chrysoperla sp. tiirleri olup, bu ¢alismada da toplanmislardir.

Sonuc¢

Giineydogu Anadolu Bélgesi’nde pamuk ekim alanlarinda yaprakpirelerinin verim
kayiplarma sebep oldugu gézlenmistir. Onemli pamuk zararhlarindan biri olan
yaprakpirelerinin goriildiigii alanlarda bulunan avci bocek tirlerini tespit etmek
iizere yiritilen bu arastirma sonucunda; Cicadellidae familyasina bagh
Asymmetrasca decedens (Paoli) ve Empoasca decipiens Paoli zararli tiirleri ile
birlikte, Coleoptera, Hemiptera ve Neuroptera takimlarina ait avci bdcek tiirleri
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saptanmistir. Coleoptera takimina ait Coccinellidae familyasindan 7 tiir, Hemiptera
takimina ait Miridae familyasindan 1 tiir, Lygaeidae familyasindan 5 tiir, Nabidae
familyasindan 2 tiir ve Neuroptera takiminin Chrysopidae familyasindan 1 tiir olmak
tizere 16 avcr bocek tiiri kaydedilmistir. Yaprakpireleri ile yapilan miicadelede
kullanilan pestisitlerin en aza indirgenmesi buna ek olarak miicadelesinin
stirdiiriilebilir olabilmesi adina aver bocekler miicadelede énemli bir yere sahiptir.

Calismada bulunan bdceklerin genel avcilar olmalarindan dolay1 herhangi bir
kimyasal miicadeleye bagvurulmadan once, bu aver tiirlerin pamuk tarlalarinda
varlig1 ve yogunluklariin dikkate alinmasi, siirdiiriilebilir ve ekonomik bir tarimsal
iiretim i¢in 6nemli oldugu diisliniilmektedir. Kimyasal miicadele kullaniminin
gerekli oldugu durumlarda ise miimkiin oldukga genis spektrumlu insektisitlerin
(bocek oldiiriiciilerin) kullanimi yerine, hedef zararliya yonelik daha spesifik etkili
insektisitler tercih edilmelidir. Bu sekilde hedef olmayan avci boceklerin korunmasi
saglanabilir.
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yapan Prof. Dr. Hiiseyin BASPINAR (Adnan Menderes Universitesi, Entomoloj
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Parasitoid and predator species of Coccidae (Hemiptera:
Coccoidea) species in fruit orchards of Diyarbakir and Elazig
Provinces, Tiirkiye

Murat GULMEZ**, Liitfiye GENCER?, Mehmet Rifat ULUSOY?

Diyarbakir ve Elazi§ illeri meyve alanlarinda Coccidae (Hemiptera:
Coccoidea) Tiirleri Uzerinde tespit edilen parazitoit ve predator tiirler

Oz: Bu calisma kosnil (Hemiptera: Coccidae) tiirleriyle beslenen predatér ve parazitoit
tirlerin belirlenmesi amaciyla 2017-2018 yillarinda Diyarbakir ve Elazig illeri meyve
bahgelerinde yiiriitilmiistiir. Calismada gozle kontrol ve kiiltiire alma metotlari
kullanilmistir. Calisma sonucunda, Coccinellidae (4), Cybocephalidae (1) (Coleoptera) ,
Forficulidae (2) (Dermaptera) ve Chrysopidae (1) (Neuroptera) familyalarina ait 8 predator
tir ile Encyrtidae (14), Aphelenidae (1) ve Pteromalidae (1) (Hymenoptera) familyalarina
ait 14 parazitoit ve 2 hiperparazitoit tiir tespit edilmistir. Tespit edilen parazitoit tiirlerden
Metaphycus ater, M. luteolus, M. chermis ve M. unicolor (Hymenoptera: Encyrtidae)
tiirleri Tiirkiye bocek faunasi igin ilk kayit niteligindedir.

Anahtar sozciikler: Kosnil, parazitoit, predator, Diyarbakir, Elazig/Tiirkiye

Abstract: This study was carried out in order to determine the predator and parasitoid
species that feed on soft scale insect (Hemiptera: Coccidae) species in orchards of
Diyarbakir and Elazig Provinces in Turkiye in 2017 and 2018. Visual identification and
rearing methods were used. Eight predatorory species belonging to the families
Coccinellidae (4) and Cybocephalidae (1) (Coleoptera), Forficulidae (2) (Dermaptera), and
Chrysopidae (1) (Neuroptera), were detected. In addition, 14 parasitoid and 2
hyperparasitoid species from the families Encyrtidae (14), Aphelenidae (1) and 2
Pteromalidae (1) (Hymenoptera) were collected. Among the parasitoid species, Metaphycus
ater, M. luteolus, M. chermis and M. unicolor (Hymenoptera: Encyrtidae) are first records
for the insect fauna of Tiirkiye.
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Introduction

Integrated pest management and biological control systems are increasingly being
used across the world to reduce the use of pesticides because of the environmental
harm they cause. However, to successfully implement these land management
systems, comprehensive knowledge of pests and pathogens and their natural
enemies are essential.

Tirkiye has very different climatic regions with various polycultural
agrosystems in them. Therefore, plant pests vary considerably across Tiirkiye.
Many kinds of insect species can be found on plants. Among these, soft scale
insects (Hemiptera: Coccoidea) are common and important pests (Japoshvili &
Karaca 2002). They can feed on almost any live organ of the host plant, including
the roots, although most species develop on the leaves or shoots or the trunk. The
actual takeup of nutrients is from the phloem vessels and all species of Coccidae
produce honeydew. Some coccid species are noxious crop pests, causing direct
injury by depleting the host plant of nutrients and damaging tissues, and indirectly
through honeydew secretion which accumulates on crops (Onciier 1974; Hodgson
1994; Ben-Dov 1997).

Scale insects have many natural enemies and the identification and utilization of
successful natural enemies would greatly improve biological control. In addition,
recent studies suggest that the relationships between natural enemies and host scale
insects are important (Ulgentiirk et al. 2004). However,studies on natural enemies
of coccid species found in fruit orchards in Tiirkiye has been not been systematic.
Nevertheless, through the studies carried out in fruit orchards, many parasitoid
species belonging to the families Aphelinidae, Encyrtidae, Eulophidae,
Signiphoridae and Pteromalidae (Hymenoptera), as well as many predator species
from the families Anthribidae, Cybocephalidae, Coccinellidae (Coleoptera),
Chamaemyiidae (Diptera), Chopteraoptera (Hymenoptera) and Miridae
(Hemiptera) have been recorded (Altay et al. 1972; Onciier 1974; Soylu 1976;
Gokmen & Seckin 1979; Kozar et al. 1982; Kilig & Aykag¢ 1989; Erol & Yasar
1996; Kumral & Kovanci 2004; Ulgentiirk et al. 2004; Japoshvili et al. 2008a;
Ozgen & Bolu 2009; Bolu 2012; Kaplan & Turanli 2016; Bolu 2019).

This paper deals with parasitoids and predators of species of Coccidae collected
from fruit orchards in Diyarbakir and Elazig Provinces in Tirkiye.

Materials and Methods

This study was carried out in fruit orchards in Diyarbakir (Cermik, Ciingiis, Egil,
Ergani, Cinar) and Elazig (Center district, Baskil, Keban, Sivrice) in April
toSeptember, at least every two weeks, in 2017-2018. The number of trees
examined in the sampled orchards was determined according to Lazarov &
Grigorov (1961).

While examining the fruit trees infested with Coccidae species during the
surveys, adult predators found to be feeding on then were directly collected with a
mouth aspirator. In addition, predatory species seen on branches infested with
coccids, but whose feeding could not be observed, were brought to the laboratory
together with the coccid species they were found on, and it was determined
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whether they fed on the pest. Larvae of the predators were also taken to the
laboratory to rear them on their prey until adulthood.

The shoots infested with coccid species that were found to be parasitized were
taken to the laboratory. After being cleared of other harmful species, they were
placed into parasitoid emergence containers. The containers, which were placed in
climate rooms adjusted to 26+1 °C, 65+5% humidity and 16:8 hours light/dark
period, were checked daily and the emerged parasitoids were collected with an oral
aspirator. After the parasitoids were examined and counted under a stereo-
microscope, they were placed in 70% alcohol, labeled and stored for identification

Results and Discussion

Parasitoid species

A total of 14 parasitoids and 2 hyperparasitoid species belonging to the families
Aphelenidae, Encyrtidae and Pteromalidae (Hymenoptera) were obtained from 5
different coccid species in the survey studies carried out to determine their natural
enemies in fruit orchards in Diyarbakir and Elazig Provinces of Turkiye. The
determined parasitoid species, their hosts and collection locality information are
given in Table 1.

Table 1. Parasitoids of Coccidae in fruit orchards in Diyarbakir and Elazig
Provinces, Turkiye

Order of the Familiesof  Parasitoid species Soft scale insect host  Plant host, locality and date of
parasitoids  the collection
parasitoids
Hymenoptera ~ Aphelenidae Coccophagus lycimnia  Didesmococcus Prunus persica (L.),
Walker unifasciatus Karstyaka/ciingiis/Diyarbakar,
(Archangelskaya) 16.08.2017
Palaeolecanium Malus domestica Borkh.,
bituberculatum Gozeli/Sivrice/Elaz1g, 17.05.2018
(Signoret)
Sphaerolecanium Prunus armeniaca L.,
prunastri (Boyer de Gemici/Baskil/Elaz1g, 20.07.2017;
Fonscolombe) Prunus
armeniaca,Karaali/Baskil/Elaz1g,
10.08.2018
Encyrtidae Blastothrix longipennis  Eulecanium tiliae (L.) Malus domestica, Veran/Center

Howard

Blastothrix longipennis
Howard

“Cerapterocerus
mirabilis Westwood

Parthenolecanium corni
(Bouché)

Didesmococcus
unifasciatus

Sphaerolecanium
prunastri

distirct/Elaz1g, 09.04.2018

Pistacia vera L.,
Onciilii/Cmar/Diyarbakir, 12.04.2022;
Prunus Domestica L.,
Tevekli/Ergani/Diyarbakir, 17.04.2018;
Juglans regia L., Yolgati/Central
district/Elaz1g, 02.05.2018

Prunus dulcis (Mill.),
Cevizdere/Sivrice/Elaz1g, 24.04.2018

Prunus armeniaca L.,
Karaali/Baskil/Elazig, 02.05.2018; P.
armeniaca, Gemici/Baskil/Elaz1g,
16.05.2018; P. armeniaca,
Kussarayi/Baskil/Elazig, 16.05.2018; P.
armeniaca, Siirsiirii/Central
district/Elaz1g, 16.05.2018
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Table 1. Continued

Pteromalidae

Discodes aeneus
(Dalman)

Metaphycus ater
(Mercet)

Metaphycus chermis
(Fonscolombe)
Metaphycus flavus
Howard

Metaphycus luteolus
Timberlake

Metaphycus petitus
Walker

Metaphycus unicolor
Hoffer

Metaphycus zebratus

Mercet

Metaphycus sp.1

Metaphycus sp.2

Microterys hortulanus
Erdos

Microterys masii

Silvestri

“Pachyneuron
muscarum (L.)

Sphaerolecanium
prunastri

Parthenolecanium corni

Eulecanium tiliae

Didesmococcus
unifasciatus

Parthenolecanium corni

Parthenolecanium corni

Eulecanium tiliae

Didesmococcus
unifasciatus

Sphaerolecanium
prunastri
Eulecanium tiliae
Didesmococcus
unifasciatus
Didesmococcus

unifasciatus

Didesmococcus
unifasciatus

Sphaerolecanium
prunastri

P. armeniaca, Pinarly/Baskil/Elazig,
16.05.2018; P. armeniaca,
Kussaray1/Baskil/Elaz1g, 16.05.2018; P.
domestica,
Bahgekasi/Ergani/Diyarbakir,
17.05.2018; P. armeniaca,
Cigdemli/Baskil/Elaz1g,17.08.2018

P. domestica,
Hacimehmetli/Baskil/Elaz1g,
20.07.2018

P. vera, Ekinveren,
Onciilii/Cmar/Diyarbakar, 12.04.2018

P. dulcis,
Kelesevler/Ciingiis/Diyarbakir,
10.05.2018

Malus domestica Borkh.,
Bespinar/Cinar/Diyarbakir, 12.04.2018

M. domestica,
Bespinar/Cinar/Diyarbakir, 12.04.2018

P. vera, Ekinveren/Cnar/Diyarbakir,
12.04.2018

P. dulcis, Giinay/Sivrice/Elazig,
16.04.2018; P. dulcis,
Cevizdere/Sivrice/Elazig, 24.04.2018

P. armeniaca,
Kussaray1/Baskil/Malatya, 16.05.2018

P. domestica,
Hacimehmetli/Baskil/Elazig,
20.07.2018

P. dulcis, Giinay/Sivrice/Elaz1g,
16.04.2018;

P. dulcis,
Kelesevler/Ciingiis/Diyarbakir,
10.05.2018

P. dulcis,
Kelesevler/Ciingiis/Diyarbakir,
10.05.2018

P. domestica,
Bahgekasi/Erganil/Diyarbakir,
17.05.2018; P. armeniaca,
Alibaba/Baskil/Elazig, 20.07.2018; P.
armeniaca, Yalindamlar/Central
district/Elaz1g, 10.08.2018

(*): Hyperparasitoid species

Coccophagus lycimnia was obtained from P. bituberculatum, D. unifasciatus
and S. prunastri. This species was reported previously as a parasitoid of P.
bituberculatum by Schmutterer (1972). Bolu (2012) also recorded C. lycimnia as a
parasitoid of D. unifasciatus. In addition, a lot of studies carried out in Tirkiye and
in many regions of world has reported that C. lycimnia is a parasitoid of S.
prunastri (Ben-Dov 1968; Santas 1985; Potaeva 1992; Moglan & Moglan 1989;
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Japoshvili 1999; Karaca et al. 2003; Demirozer et al. 2004; Japoshvili et al. 20083;
Ozgen & Bolu 2009).

Blastothrix longipennis was collected from E. tiliae and P. corni. In Tirkiye,
Ulgentiirk (2001), Ulgentiirk et al. (2004), and in Iran, Fallahzade and Japoshvili
(2017), reported that B. longipennis parasitizes E. tilae. Some studies conducted in
Tirkiye and abroad have shown that B. longipennis is aparasitoid of P. corni
(Blahutiak 1972; Japoshvili & Karaca 2002; Japoshvili et al. 2008b; Basheer et al.
2014).

Cerapterocerus mirabilis was obtained from S. prunastri and D. unifasciatus.
Although Japoshvili & Karaca (2002), Karaca et al. (2003) reported C. miribalis as
a parasitoid of S. prunastri, Ben-Dov (1968), Onciier (1991), Japoshvili (1999),
Ulgentiirk (2001), Ulgentiirk et al. (2004), Japoshvili et al. (2008a) and
Fallahzadeh & Japoshvili (2017), reported C. miribalis as a hyperparasitoid of S.
prunastri. It has been also reported that D. unifasciatus is the primary host of C.
miribalis (Anonymous 2021).

Discodes aeneus was colected from S. prunastri. Many studies in Tiirkiye and
around the world have shown that this chalcidoid wasp is a parasitoid of S.
prunastri (Balachowsky 1930; Ben-Dov 1968; Soydanbay 1976; Onciier 1977;
Kilig & Aykag, 1989).

Metaphycus ater was obtained from P. corni. Thisis the first record of M. ater
for the insect fauna of Tiirkiye. In addition, although it has been stated that M. ater
is a parasitoid of Anophococcus inermis (Green) and Rhizococcus greeni
(Newstead) belonging to Eriococcidae (Hemiptera: Coccoidea) family
(Anonymous 2021), no record has been found that M. ater is associated with P.
corni.

In this study, it was also determined that Metaphycus chermis parasitizes E.
tiliae. This is the first record of M. chermis for the auna of Tiirkiye. From abroad, it
has been noted that M. chermis is a parasitoid of E. tiliae (Anonymous 2021).

In addition, Metaphycus flavus was found to parasitize D. unifasciatus.
Although some studies in Tiirkiye have reported that M. flavus parasitizes coccid
species such as Coccus pseudomagnoliarum (Kuwana), Saissetia oleae olivier, and
Coccus hesperidum L. (Onciier 1974; Soydanbay 1976; Japoshvili & Karaca 2002),
norecords have been found from Turkiye and other parts of the world that D.
unifasciatus is a host of M. flavus. However, some species of Metaphicus such as
Metaphycus babajani Sugonjaev and Metaphycus claviger (Timberlake)
(Hymenoptera: Encyrtidae) have been reported to parasitize D. unifasciatus
(Garcia Morales et al. 2016).

Metaphycus luteolus was collected fromP. corni. This is also the first record for
the fauna of Tirkiye. Trjapitzin (1989) and Guerrieri & Noyes (2000) statedthat M.
luteolus is a parasitoid of P. corni.

In the present study, it was determined that Metaphycus petitus parasitizes P.
corni. The presence of M. petitus in Tiirkiye was reported by by Japoshvili & Celik
(2010) and Japoshvili (2012), but there were no host records since the parasitod
was obtained with traps. It has been stated that species belonging to Metaphycus,
such as Metaphycus insidiosus (Mercet), Metaphycus melanostomatus
(Timberlake), Metaphycus parthenolecanii Japoshvili, Metaphycus punctipes
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(Dalman) and Metaphycus Stanleyi Compere (Hymenoptera: Encyrtidae), are
parasitoids of P. corni (Schmutterer 1972; Fallahzadeh & Japoshvili 2017; Stathas
et al. 2021), but such a record has not been found with regard to M. petitus.

The present study also reports thatMetaphycus unicolor parasitizes E. tiliae.
This is the first record for the insect of Tirkiye. Although it is known that M.
unicolor is a parasitoid of the coccids, Physokermes hemicryphus (Dalman),
Physokermes piceae (Schrank) and Physokermes sugonjaevi Danzig (Anonymous
2021), no record has been found that this natural enemy parasitizes E. tiliae.

Metaphycus zebratus is a parasitoid of D. unifasciatus. Japoshvili & Celik
(2010) and Japoshvili (2012) reported M. zebratus in Tiirkiye. Bolu (2012) also
reported that Metaficus sp. near zebratus was obtained from D. unifasciatus. Many
harmful coccid species belonging to the Coccidae, Diaspididae, Eriococcidae and
Pseudococcidae families are hosts of M. zebratus (Anonymous 2021).

In this study, Metaphycus sp.1 and Metaphycus sp.2 were obtained from S.
prunastri and E. tiliae, respectively. It has been reported that many species of
Metaphycus parasitize S. prunastri and E. tiliae(Anonymous 2021).

Also, Microterys hortulanus was obtain from D. unifasciatus. In previous
studies conducted in Tiirkiye and different of regions of the world, it has been
reported that this natural enemy parasitizes D. unifasciatus (Sugonjaev 1976; Bolu
2012; Japoshvili & Noyes 2006; Fallahzadeh & Japoshvili, 2010,2017).

Additionally, Microterys masii was found to parasitize D. unifasciatus.
Although M. masii is known to be a parasitoid of many coccid species, such as C.
hesperidum, E. tiliae, Filippia follicularis (Targioni Tozzetti), Lichtensia viburni
Signoret, P. corni, Pulvinaria floccifera (Westwood) and S. prunastri
(Anonymous, 2021), no study could be found that has reported M. masii to be a
parasitoid of D. unifasciatus.

Also in this study, Pachyneuron muscarum was obtained from S. prunastri and
D. unifasciatus. Although Japoshvili & Karaca (2002), Hoffmann & Schmuterer
(2003), Karaca et al (2003), Andriesku & Mitroiu (2004) and Ozgen & Bolu (2009)
reported P. muscarum as aparasitoid of S. prunastri, Podsiadlo (1981), Japoshvili
(1999), Ulgentiirk (2001), Ulgentiirk et al (2004) and Japoshvili et al. (2008a)
reported P. muscarum as ahyperparasitoid of S. prunastri. Bolu (2012) collected P.
muscarum while determining the parasitoids of D. unifasciatus and determined that
it is a hyperparasitoid

Predator species

In this study carried out to determine the predator species that feed on soft scale
insects in the orchards of Diyarbakir and Elazig Provinces in Turkiye, 8 predator
species belonging to the families of Coccinellidae (4), Cybocephalidae (1)
Forficulidae (2) and Chrysopidae (1) were detected. The predators species, their
hosts and collection locality information are given in Table 2.
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Table 2. Predators of Coccidae in fruit orchards in Diyarbakir and Elazig

Provinces, Turkiye

Order of Families of the  Predators Softscale insect ~ Plant host, locality and date of
the predators species host collection
predators
Coleoptera  Coccinellidae Adalia Didesmococcus Prunus persica (L.),
fasciatopunctata  unifasciatus Karsiyaka/Ciingiis/Diyarbakair,
revelierei (Archangelskaya)  16.08.2017; Prunus dulcis (Mill.),
Giinay/Sivrice/Elazig, 16.04.2018
Sphaerolecanium  P. dulcis, Karaali/Baskil/Elazg,
prunastri (Boyer  16.04.2018
de Fonscolombe)
Brumus Parthenolecanium  Malus domestica Borkh.,
quadripustulatus corni (Bouché) Sinankdy/Central district/Elazig,
(L) 14.07.2017; P. dulcis,
Dere/Egil/Diyarbakir, 14.07.2017;
Prunus domestica L.,
Hoylikdibi/Cmar/Diyarbakir,
30.05.2018
Sphaerolacanium  Prunus armeniaca L.,
prunastri Gemici/Baskil/Elazi1g, 20.07.2018; P.
armeniaca, Karaali/Baskil/Elaz1g,
02.08.2018
Chilocorus Parthenolecanium  P. domestica,

bipustulatus (L.)

Coccinella
septempunctata

L.

Cybocephalidae  Cybocephalus
fodori Endrody-

Younga

Dermaptera Forficulidae

Forficula
smyrnensis
Audinet-Serville

Neuroptera  Chrysopidae
viridana

Schneider

Forficula
auricularia L.

Chrysopa

corni

Didesmococcus
unifasciatus

Sphaerolacanium
prunastri

Sphaerolacanium
prunastri

Sphaerolacanium

prunastri

Sphaerolacanium
prunastri

Hacimehmetli/Baskil/Elazig,
20.07.2017; M. domestica,
Sinek/Cermik/Diyarbakir, 01.08.2017/
M. domestica,
Bespinar/Cinar/Diyarbakir, 12.04.2018

P. dulcis, Altinakar/Cinar/Diyarbakir,
20.09.2017; P. dulcis,
Cevizdere/Sivrice/Elaz1g, 24.04.2018

P. armeniaca, Alangéren/Baskil/Elazig,
14.07.2017, 08.06.2018; P. domestica,
Bahgekagi/Ergani/Diyarbakir,
17.05.2018; P. armeniaca,
Alibaba/Baskil/Elazig, 20.07.2018; P.
armeniaca, Karaali/Baskil/Elaz1g,
20.07.2018; P. armeniaca,
Ortagali/Central district/Elaz1g,
26.07.2018; P. armeniaca,
Yalindamlar/Central district/Elazig,
17.08.2018

P. armeniaca, Alangéren/Baskil/Elazig,
08.06.2018,

P. armeniaca, Alangéren/Baskil/Elazig,

08.06.2018,

P. armeniaca, Deliktag/Baskil/Elazi1g,
08.06.2018,
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In this study, larvae and adults of Brumus quadripustulatus were observed to
feed on nymphs of P. corni and S. prunastri. Soydanbay (1976), Ulgentiirk (2001),
Ulgentiirk et al. (2004), Ozgen & Bolu (2009) and Develioglu (2017) recorded B.
quadripustulatus as a predator of S. prunastri. Demirézer et al. (2004), Arnaoudov
et al. (2006), Develioglu (2017) and Dervisevi¢ (2019) stated that the predator in
question feeds on P. corni.

Also, Chilocorus bipustulatus was recorded as a predator of P. corni. It feeds on
P. corni nymphs and young females. In previous studies in Tirkiye, it was
determined that C. bipustulatus feeds on Coccidae species that include
Parthenolecanium rufulum (Cockerell), C. hesperidum, C. pseudomagnoliarum,
Eulecanium ciliatum (Douglas), P. piceae and S. prunastri (Onciier 1974;
Ulgentiirk & Toros 1999; Ulgentiirk 2001; Kaplan & Turan 2016), but there is no
Turksh record that C. bipustulatus feeds on P. corni. On the other hand, in studies
conducted in different regions of the world, C bipustulatus was reported to feed on
P. corni (Herting & Simmonds 1972; Schmutterer 1972; Arnaoudov et al. 2006;
Dervisevi¢ 2019).

In the present survey studies, Coccinella septempunctata individuals were
found on shoots of trees which were excessively infested with D. unifasciatus, and
it was observed that the predator was feeding on nymphs and young females of D.
unifasciatus. In many studies, it has been stated that it feeds on many species in the
Coccoidea superfamily, such as Marchalina hellenica (Gennadius) (Hemiptera:
Marchalinidae), Planococcus vovae (Nasanov) (Hemiptera: Pseudococcidae),
Quadraspidiotus perniciosus (Comstock) (Hemiptera: Diaspididae), P. corni,
Saissetia coffeae, S. oleae, C. hesperidum and Pulvinaria kuwacola Kuwana
(Hemiptera: Coccidae) (Selmi 1979; Thakur et al. 1989; Arnaoudov et al. 2006;
Badary 2010; Develioglu 2017; Dervisevi¢ 2019), but it has not been recorded that
this predator feeds on D. unifasciatus.

In this study, adults of Adalia fasciatopunctata revelierei fed on D. unifasciatus
and S. prunastri nymphs. It has been reported that A. fasciatopunctata can feed on
many coccoid species such as E. ciliatum, P. corni, P. rufulum, P. bituberculatum
(Hemiptera: Coccidae), Mercetaspis halli (Green) (Hemiptera: Diaspididae),
Phenacoccus aceris (Signoret) and Planococcus vovae (Nasonov) (Hemiptera:
Pseudococcidae) (Ulgentiirk & Toros 1999; Ulgentiirk 2001; Kaydan 2004; Kaplan
& Turanlt 2016; Develioglu 2017). However, no record has been found of this
predator feeding on D. unifasciatus and S. Prunastri in Turkey.

Also, during this survey study, Cybocephalus fodori individuals were found on
trees excessively infested with S. prunastri, and it was observed that C. fodori fed
on its nymphs. Earlier, Bakoyannis (1984), Ulgentiirk (2001), Ulgentiirk et al.
(2004), Ozgen & Bolu (2009) and Yigit (2013) had reported that C. fodori is a
predator of S. prunastri in Turkiye.

In this study, Forficula auricularia and F. smyrnensis species were observed
feeding on crawlers of S. prunastri. In earlierstudies, there were no records of these
species feeding on S. prunastri. However, Ulgentiirk (2001) reported that Forficula
sp. feeds on P. piceae. Also, Dervisevi¢ (2019) reported that F. auricularia feeds
on the Coccidae species, E. tiliae and P. piceae. In addition, Logan et al. (2007)
and Mather & Logan (2007) stated that F. auricularia is an important predator of
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species of Diaspididae (Hemiptera: Coccoidea) found in Kiwi fruit orchards in New
Zealand.

Also, Chrysopa viridana was observed feeding on crawlers of S. prunastri.
Although there is no direct record of C. viridana feeding on S. prunastri, Argyriou
& Paloukis (1976) and Ozgen & Bolu (2009) reported that Chrysopa sp. could feed
on S. prunastri. In addition, Yigit & Telli (2013) stated in a study on mealybugs
that C. viridana is a predator of Pseudococcus cryptus Hempel (Coccoidea:
Pseudococcidae).
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Original article (Ozgiin makale)

Biocontrol potential of some entomopathogenic fungi against the
Cotton Aphid, Aphis gossypii Glover (Hemiptera: Aphididae)

Derya BAKI *, Fedai ERLER?

Entomopatojenik funguslarin Pamuk Yaprakbiti, Aphis gossypii Glover
(Hemiptera: Aphididae)’ye karsi biyolojik miicadele potansiyellerinin
arastirilmasi

Oz: Bu caligmada, Pamuk yaprakbiti Aphis gossypii’ye kars1 Antalya ili’nin farkli ilgelerinden
2018-2020 yillar1 arasinda alinan toprak ve enfekteli afid &rneklerinden izole edilen
entomopatojen fungus tiirlerinin etkinligi arastirllmistir. Bu amagla, 19 entomopatojen fungus
izolat1 1x107 spor/ml konsantrasyonda 9 cm capli Petri kaplarinda A. gossypii’nin nimf ve
erginlerine kars1 test edilmistir. Hedef zararlilara karsi test edilen fungus tiirleri arasinda en
patojenik tiir, Beauveria bassiana olmustur. Patojenisite testlerinde inkiibasyondan 10 giin sonra
A. gossypii erginlerine karsi B. bassiana izolatlar1 i¢in 6lim oranlari %63.3-100 arasinda
degisirken, Cunninghamella echinulata izolati %43.3, Clonostachys rosea izolatlart %40 ve
%70, Isaria farinosa izolatlar1 %43.3 ve %63.3 ve Purpureocillium lilacinum izolatlari ise %73.3
ve %83.3 oraninda 6liime neden olmustur. Biyolojik miicadelede kullanilan Trichoderma
atroviride tiiriine ait TaAl-1 izolat1 %33.3 6liime neden olurken, T. harzianum tiiriine ait ThAk-
1 izolat1 %50.0 6liime neden olmustur. Yerli fungal izolatlarla mukayese amaciyla, 250 mL/1It
su dozunda test edilen 3 ticari fungal preparattan Nibortem (a.i.; Verticillium lecanii)
uygulamadan 10 giin sonra nimf ve erginlerde sirasiyla %70 ve %56.7, Nostalgist (a.i.: B.
bassiana) %56.7 ve %53.3, Priority (a.i.: Paecilomyces fumosoroseus) %50 ve %56.7 oliime
neden olmustur.

Anahtar kelimeler: Aphis gossypii, Beauveria bassiana, Pamuk yaprakbiti, Entomopatojenik
fungus, Mikrobiyal miicadele

Abstract: In this study, the effectiveness of entomopathogenic fungal (EPF) species isolated
from soil and infected aphid samples taken from different districts of Antalya between 2018-2020
was investigated against the cotton aphid, Aphis gossypii. For this purpose, 19 entomopathogenic
fungal isolates were tested against the nymphs and adults of A. gossypii in 9 cm diameter Petri
dishes at a concentration of 1x107 spores/mL. Among the fungal species tested, Beauveria
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bassiana was the most pathogenic species. In pathogenicity tests, 10 days after incubation, B.
bassiana caused 63.3%-100%, Cunninghamella echinulata 43.3%, Clonostachys rosea 40-70%,
Isaria farinosa 43.3%-63.3%, and Purpureocillium lilacinum 73.3%-83.3% mortality of A.
gossypii adults. The TaAl-1 isolate of Trichoderma atroviride used in biological control caused
a mortality of 33.3%, and the ThAKk-1 isolate of T. harzianum caused 50.0% mortality. Of the 3
commercial fungal preparations tested at doses of 250 mL/1lt water for comparison with
indigenous fungal isolates, Nibortem (a.i.: Verticillium lecanii) caused 70% and 56.7%
mortalities in nymphs and adults, respectively, 10 days after treatment, while Nostalgist (a.i.: B.
bassiana) and Priority (a.i.: Paecilomyces fumosoroseus) caused 56.7% and 50% nymphal
mortality, and 53.3% and 56.7% adult mortality, respectively.

Keywords: Aphis gossypii, Beauveria bassiana, Cotton aphid, Entomopathogenic fungus,
Microbial control.

Introduction

There are approximately 5000 known species of aphid belonging to 493 genera across
the world (Remaudiere & Remaudiere 1997; Blackman & Eastop 2000). In Turkey,
around 415 aphid species have been identified (Goriir 2004). Aphids in the family
Aphididae are harmful to a large number of host plants belonging to a total of 40 plant
families, most of which are vegetables, ornamental plants or fruit trees. In addition, some
aphids in this family serve as vectors in the spread of many plant viruses (Von Dohlen
& Moran 2000). Aphids, which feed on the green parts of the plants by sucking the plant
sap, expel the excess sugar they have absorbed as honeydew due to the low protein and
high carbohydrate content of the plants they feed on, and all above-ground parts can be
covered with this substance, except for the root. Secondary fungi develop on this
secreted substance and a condition called fumagine or sooty mould occurs (Murphy et
al. 2006).

The cotton aphid, Aphis gossypii Glover (Hemiptera: Aphididae), is one of the most
important pests of cultivated plants in many parts of the world, including Turkiye
(Cottier 1953; Goriir 2004). The wide host range of the pest and the extent of the damage
it causes to these plants increase the importance of controlling this pest. For this reason,
different control methods are used to control A. gossypii. The use of synthetic
insecticides in the control of this pest is a form of control measure that has been applied
for a long time. However, biological control methods need to be investigated due to the
emergence of the negative effects of chemical insecticides on the environment and
human health and the development of resistance to the pesticides used. As an alternative
method to the use of chemical pesticides, biological control is often considered to be the
most environmentally friendly way to control many pests. In biological control, the use
of entomopathogenic fungi is advantageous because the agent is usually easy to detect,
infects insects easily, and their effectiveness can be seen quickly (Saenz-de-Cabezon et
al. 2003; Giines & Gozel 2011; izgi & Giiven 2016).
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For this purpose, the objective of this study was to determine the efficacy of some
entomopathogenic fungal isolates and commercial products against A. gossypii as
potential biocontrol agents.

Materials and Methods

Insect culture

Insects used in the experiments was taken from a laboratory colony of A. gossypii that
originated with field-collected adults from cotton (Gossypium hirsitum L.) production
areas in Manavgat (Antalya, Turkey) and maintained for 1 year at the Plant Protection
Department of Akdeniz University. Rearing was done on the foliage of pepper
(Capsicum annuum L.) plants in a climate room set to 25 + 1°C, 60 + 5 R.H. and 16 : 8
(L /D) hour photoperiod. Subsequent cultures were maintained to provide insect supply.
Healthy nymphs and 4-5 days old wingless adult females from the cultured individuals
were used in the pathogenicity assays.

Indigenous fungal isolates and commercial fungal preparations

Nineteen indigenous isolates belonging to 7 entomopathogenic fungal species, which
had previously been isolated from soil samples collected from natural surroundings and
agricultural habitats in Antalya Province, already being maintained in the EPF
Collection of Plant Protection Department of Akdeniz University, were tested in this
study. The species and code names, habitats, geographic coordinates and sampling sites
of the isolates tested are presented in Table 1. Molecular diagnosis of the isolates used
in the study was made with the PCR method of Baki (2021). The accession numbers of
the isolates in GenBank are given in Table 1. For the purposes of comparison with the
indigenous fungal isolates, three commercial fungal preparations, Nibortem
(Verticillium lecanii, Agrobest Group, Tiirkiye), Priority (Paecilomyces fumosoroseus,
Agrobest Group, Tiirkiye) and Nostalgist (Bauveria bassiana, Agrobest Grup, Tiirkiye),
were used.

Bioassays

To determine the pathogenicity of entomopathogenic fungi and commercial preparations
against A. gossypii, trials were conducted in the Entomology Laboratory of the Plant
Protection Department of XYZ University in Antalya, Turkiye. The entomopathogenic
fungal isolates used in the study were grown on SDA (Sabouraud Dextrose Agar)
medium in an incubator set at 25+2°C for 10-14 days in a dark environment. Ten mL of
sterile distilled water containing 0.1% Tween 80 was applied to the developing fungi
and spores were obtained by scraping with a Dirigalski spatula (Hansoylu 2003). All
spore solutions were filtered through four layers of sterile cheesecloth to remove agar
and mycelial fragments and were then homogenized by vortexing for 2-3 minutes
(Abebe 2002). The final concentration of each fungal isolate was adjusted to 1 x 107
spores/mL by using Thoma Lam (Fancelli et al. 2013; Gabarty et al. 2014).
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Bioassay tests on A. gossypii were carried out in a climate room at a temperature of
25+1°C and a relative humidity of 60+5%. Firstly, three layers of blotting paper were
placed on Petri dishes (9 cm in diameter), and then pepper plant leaves were placed with
the bottom side up. For the spraying method, spore solutions were applied top the leaves
with a hand spray device three times from a distance of 10-20 cm. After the leaves were
air-dried, ten individual nymphs and adults of A. gossypii obtained from the culture were
placed in each Petri dish with the help of a fine-tipped brush. Treatments were checked
on a daily basis, with mortality counts made on the 3", 5™ 7" and 10" days after
application, and the live and dead aphids were recorded separately. To confirm that the
deaths were caused by the particular applied entomopathogenic fungal isolate, isolation
was performed from the dead individuals and thus Koch’s postulates were confirmed.
As the control, water containing 0.1% Tween 80 was sprayed on the aphid-treated leaves.
Additionally, three Commercial fungal preparations were used. The experiments were
established according to a randomized plot design.
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Table 1. List of the indigenous soil-borne entomopathogenic fungal isolates from
Turkiye used in the bioassays against the cotton aphid, Aphis gossypii

Isolate . . . Latitude and .
code Species Origin Vegetation longitude Accession no.
. . . N 36°19°17.1” E
BbKm-1 Beauveria bassiana Kumluca Olive 30°20°23.0 MT441868
. . N 36°35°51.0" E
BbKr-1 Beauveria bassiana Kemer Forest 30°33°22.7 MT441871
. . . N 36°12°08.8” E
BbKs-1 Beauveria bassiana Kas Olive 29°38°46.3” MT441876
o 9, 99
BbAk-1 Beauveria bassiana Aksu Grassland N 26 ?6 O?:;S E MT441881
30°52°35.1
. . . N 36°55’33.8” E
BbSr-1 Beauveria bassiana Serik Orange 31°07°20.7” MT441882
. . - N 36°20°55.0” E
BbFn-4 Beauveria bassiana Finike Pomegranate 30°07°36.0"° MW255006
. . . N 36°54°59.8” E
BbKp-2 Beauveria bassiana Kepez Olive 30°39°36.0° MW255007
BbDs-3 Beauveria bassiana Dosemalt Pomegranate 13\102; 6(’)36028’.’2 E MW255008
BbMg-5 Beauveria bassiana Manavgat Cotton N 26 ?6 39;7 E MW255014
30°54°57.9
BbGp-4 Beauveria bassiana Gazipasa Oleander 13\123?8’1566079;7 E MW255016
CecKp-1  Cunninghamella echinulata Kepez Wheat 13\]03;99;0453;0 E MT441896
- N 36°19’11.2” E
CrFn-1 Clonostachys rosea Finike Orange 30°09°12.17 MT441897
CrMg-1 Clonostachys rosea Manavgat Wheat 13\113?6?57149?;2 E MT441900
. . . . N 36°14°50.3” E
IfGp-1 Isaria farinosa Gazipasa Olive 32021°19.2" MT441902
. . N 36°20°41.5” E
IfKm-1 Isaria farinosa Kumluca Wheat 30°15°25.3" MT441903
- L N 36°53°53.5" E
PIKa-1 Purpureocillium lilacinum Konyaalti Apple 30°37°51.8" OM267784
- - Evergreen N 36°53°42.6 E
PIMp-1 Purpureocillium lilacinum Muratpasa Spindle 30°39°56.7° OM267785
TaAl-1 Trichoderma atroviride Alanya Oleander 13\1122;3591381 E MW255021
ThAk-1 Trichoderma atroviride Aksu Sweetcorn 13\1032;53?84[?8 E MW255024
Data analysis

In all cases, no control mortality was observed and, therefore, no correction was
necessary for the mortality data. All values were subjected to arcsine transformation
before analysis. Data were analyzed with one-way ANOVA using the general linear
model of SPSS 23.0 Windows (IBM Corp. 2015, New York, USA). Differences between
treatment means were compared at a significance level of P < 0.01 using Tukey’s
multiple comparison test.
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Results and Discussion

Among the isolates of indigenous Turkish fungal species tested, B. bassiana was the
most pathogenic. In the pathogenicity tests, 10 days after treatment, B. bassiana isolates
caused mortalities ranging from 70% to 100% in both nymphs and adults of A. gossypii
(Tables 2 and 3). Purpureocillium lilacinum wassecond most pathogenic, isolates of
which caused mortalities between 73.3% and 83.3% in both nymphs and adults of the
pest, followed by Clonostachys rosea (isolate, CrFn-1) with 80% and 70% mortalities
in nymphs and adults, respectively. Of the four remaining species, Isaria farinosa
(isolate, IfKm-1) caused a nymphal mortality of 70.0% and adult mortality of 63.3%.
All other indigenous fungal species yielded mortalities below 60% in both nymphs and
adults of the pest.

As for the commercial fungal preparations, Nibortem produced a nymphal mortality
of 70% while it caused 56.7% mortality in adults. The other two preparations, Nostalgist
and Priority yielded mortalities below 60% in both nymphs and adults of the pest (Tables
2 and 3).

Table 2. Effects of entomopathogenic fungal isolates from different districts of Antalya
Province in Turkiye on Aphis gossypii nymphs stated below

Isolate Percent mortality (+ SE)*

name 3" day 5™ day 7™ day 10" day
BbKm-1 96.7+5.8%2 100.0+0.0%2 100.0+0.0%2 100.0+0.0%2
BbKr-1 43 .3+5 §DEFGHD 73.3+11.5ABCDEFa 86.7+5.8ABCDa 93.345.848a
BbKs-1 60.0-£10.0BCDEFb 66.7+11.5BCDEFGD 76.7+5.8ABCDEa 86.7+11.548C0a
BbAKk-1 36.7+£5.8FCHID 56.7+15,3DEFGHab 73.3+11.58CDEa 80.0+10.0ABCPEa
BbSr-1 6.7£11.5-Mb 16.7+11.5KMb 53.3+11.55F62 70.0+10.0CPEFGa
BbFn-4 30.0+10.0CHNKLe 70.0+10.0BCPEF 96.7+5.848a 100.0+0.0%2
BbKp-2 43.3+5 §DEFGHD 73.3+11.5ABCDERa 76.7+5.8ABCDEa 93.3+11.5482
BbDs-3 60.0+10.0BCPEFC 76.7+5 .8ABCDELC 90.0-£10.0ABCPb 100.0£0.02
BbMg-5 50.0+0.0PEFCe 63.345.8CDEFGHD 93.345.8ABCa 100.0+0.0%2
BbGp-4 60.0+10.0BCPER 66.7+15.3BCDEFGD 73.3+11.58CDEa 90.0+10.0ABCa
PIKa-1 36.7+5.8FcHIC 40.0+0.QCHIKbe 53.3+11.5FF6P 76.7+5.8BCDER
PIMp-1 53.3+5.8CDEFCD 56.7+15,3DEFGHab 70.0-£10.0CPEFab 83.3+5.8ABCDa
CecKp-1 6.7+5.8-Mp 23.3+]5.3%KLMab 33.345.8CHIb 46.7+11.5H1R
CrFn-1 46.7+5 . §DEFGHe 63.3+5.8CDEFGHab 70.0+10.0CPEFd 80.0+0.0ABCDEa
CrMg-1 10.0£10.0KMa 20.0+10.0KMa 26.7+5.8H1R 36.7+5.8"
IfGp-1 13.3+5.8%KtMe 23.3+]5.3KLMbe 36.7+11.5CHIb 50.0+0.0CH12
IfKm-1 30.0+10.0CHNKLe 36.7+5.8HIKLb 53.345.8EFGb 70.0+10.0CPEFGa
TaAl-1 0.0+0.0Me 3.3+5.8Mc 16.7+5.8W 36.7+5.8"
ThAk-1 0.0+0.0Me 20.0+10.07KtMp 26.7+5.8HP 56.7+5.8FcHIa
Nibortem 30.0+10.0CHNKLe 46.7+5.8FCHIC 53.3+11.55F6b 70.0+10.0CPEFGa
Nostalgist 13.3+5.8%KtMe 36.7+5.8HIKLb 40+10.0CH1b 56.745.8FCHIa
Priority 10.0+10.0KMe 23.3+]15.37KLMbc 36.7+11.5CHIb 50.0+0.0CH1
Control 0.0+0.0Ma 0.0+0.0Ma 0.0+0.0% 0.0+0.0%

* All isolates were tested at a spore concentration of 1x107 spores/mL.
Means in a column followed by a different capital letter differ significantly (P < 0.01; Tukey test).
Means in a row followed by thea different lowercase letter are significantly different (P < 0.01; Tukey test).
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In parallel with the results obtained from this study, previous studies have shown that
B. bassiana isolates are highly virulent against A. gossypii (Yeo et al. 2003; Vu et al.
2007; Down et al. 2009; Ibrahim et al. 2011; Jandricic et al. 2014; Lee et al. 2015;
Mohammed & Hatcher 2017; Mohammed et al. 2018; Sahin & Karaca 2019) and can be
used in the control of this pest. Herlinda et al. (2010) tested 10 B. bassiana and 15 M.
anisopliae isolates obtained from infected insects against A. gossypii at a concentration
of 1x10° spores/mL. They reported that the most virulent B. bassiana and M. anisopliae
isolates caused 100% mortality of A. gossypii in 2.54 days and2.81 days, respectively.
They also suggested that entomopathogenic fungal isolates with high efficacy can be
used in the control of A. gossypii. Castillo et al. (2014) tested P. lilacinum and B.
bassiana isolates against A. gossypii on cotton plants under greenhouse and field
conditions and reported that both isolates can be used in the control of pest.

Table 3. Effects of entomopathogenic fungal isolates from different districts of Antalya
Province in Turkiye on Aphis gossypii adults

Isolate Percent mortality (= SE)*

name 31 day 5 day 7t day 10" day
BbKm-1 80.0£10.0ABCP 93.3+5.8ABab 100.0+0.042 100.0+0.042
BbKr-1 36.7+11.5EFGHIb 56.7+5.8DEFab 70.0+10.0CPEFa 80.0+10.0ABCDEa
BbKs-1 43.3+]1.58FCHe 56.7+5.8PEFbC 73.3+5.8BCDEDb 83.3+£5.8ABCDa
BbAKk-1 26.7+5.8CHIKLD 40.0+0.0EFCGHD 60.0+10.0PEFGa 73.3+5.8BCDERa
BbSr-1 10.0£10.07KMe 23.3+]11.5CHNbe 53.3+15.3DEFGHaD 63.3+15.3DEFCGHa
BbFn-4 26.7+5.8CHIKLd 43 .3+5.8FFCC 76.7+5.8ABCDb 93.3+5.8ABCa
BbKp-2 16.7+11.5WKLMe 43 .3+5 8EFGh 60.0+10,0PEFGab 73.3+5.8BCDERa
BbDs-3 70.0+0.08CDe 83.3+5.8ABCP 96.7+5.8ABa 100.0+0.042
BbMg-5 53.3+11.5PEF¢ 76.7+5.8ABCDD 86.7+5.8ABCab 96.7+5.8AB2
BbGp-4 46.7+5.8DEFGHd 60.0+0.0CPEC 73.3+5.8BCDED 86.7+5.8ABCDa
PIKa-1 26.7+5.8CHIKLe 36.7+5.8EFCHIbC 50.0-£10.0EFGHIb 73.3+5.8BCDERa
PIMp-1 50.0+10.0PEFGh 56.7+5.8DEFb 70.0+10.0CDEFad 83.3+£5.8ABCDa
CecKp-1 3.3+5.8LMc 13.3+5.81%¢ 30.0+0.0HIKb 43.3+5.8CHla
CrFn-1 33.3£11.5FCHI® 43.3+]5.3EFCab 66.7+5 8CDEFa 70.0+10.0CPEFa
CrMg-1 6.7+5.8KLMb 16.7+5.8H1b 23.3+11.5%KLab 40.0+20.0M12
IfGp-1 0.0£0.0Mc 16.7+5.8Hb 26.7+5.8VK0 43.3+5.8CH1a
IfKm-1 6.7+5.8KLMd 20.0+0.0CHNe 50.0+£0.0EFCHIb 63.3+5.8PEFGHa
TaAl-1 0.0£0.0Mc 0.0£0.0% 13.3+£5.8KLb 33.3+5.81
ThAk-1 0.0+0.0Mc 6.7+5.8%c 23.345.87KLb 50.0+10.0FCHI
Nibortem 6.7+5.8KMb 40.0+10.05FCHa 46.7+11,5FCHIa 56.7+11.5EFCHIa
Nostalgist 6.7+5.8KMe 16.7+5.8H1bc 30.0+10.0HIKb 53.3+5.8FCHIa
Priority 6.7+5.8KMb 16.7+5.8H10 40.0£10.0CH12 56.7+5.8EFGHIa
Control 0.0+0.0Ma 0.0£0.0%2 0.0+0.0-2 0.0+£0.0%

* All isolates were tested at a spore concentration of 1x107 spores/mL.
Means in a column followed by a different capital letter differ significantly (P < 0.01; Tukey test).
Means in a row followed by a different lowercase letter are significantly different (P < 0.01; Tukey test).
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Mohammed et al. (2018) tested native Iraqi isolates of L. lecanii, B. bassiana, I.
fumosorosea, Chaetomium globosum and Metarhizium anisopliae (Metschn.) Sorokin,
1883 (Hypocreales: Clavicipitaceae) against the aphids, Myzus persicae (Sulzer), A.
gossypii, A. fabae Scopoli and Macrosiphum euphorbiae (Thomas) under greenhouse
conditions. Beauveria bassiana, M. anisopliae and L. lecanii isolates caused 100%
mortality of M. persicae and A. gossypii at a concentration of 108 spores/mL on day 7.
Gurulingappa et al. (2011) investigated the causes and duration of the effects of L. lecanii
and B. bassiana isolates on A. gossypii. They reported that methanolic fractions from
Beauveria bassiana mycelium caused significant death of A. gossypii.

Current research has shown that A. gossypii is affected by contact with both conidia
and fungal metabolites. This range of susceptibility of A. gossypii indicates that these
entomopathogenic fungi may have an important role to play in controlling pest
populations. All the results reported in the discussed studies are consistent with the
findings obtained in this study.

In biological control, B. bassiana is widely used against insect pests due to its high
efficacy compared toother entomopathogenic fungal species. In conclusion, native
Turkish B. bassiana isolates, with the high efficacy rates demonstrated in this study,
have the potential to be used in the control of A. gossypii and possibly other agricultural
pests.
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Mealybug (Hemiptera: Pseudococcidae) predators of the
family Coccinellidae (Coleoptera) from Aydin Province,
Tiirkiye
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Tiirkiye, Aydin ili’nde Coccinellidae (Coleoptera) familyasina bagh Unlubit
(Hemiptera: Pseudococcidae) avcilar:

Oz: 2019 yilinda Aydin ili’nde gerceklestirilen bu calismada, tarim ve tarim dis1 alanlarda
unlubit bulasik bitkiler izerindeki Coccinellidae familyasina ait predatdr tiirler arastirilmustir,
Unlubitler ile bulasik 22 farkli konukgu bitki {izerinde Coccinellidae familyasina ait 10
predatdr tiirii tespit edilmistir. Tespit edilen bu tiirlerin gelecekte biyolojik miicadele
uygulamalari i¢in kitle iiretimde dnemli bir bilgi alt yapisi olusturabilecegi diisiiniilmektedir.

Anahtar kelimeler: Aydin, Ugur bocekleri, dogal diismanlar

Abstract: In this study, which was carried out in Aydm Province of Tiirkiye in 2019,
predatory species belonging to the Coccinellidae family on mealybug infested plants in
agricultural and non-agricultural areas, are reported and discussed. Ten predator species
belonging to the Coccinellidae family were identified from 22 host plant species infested
with mealybugs. These predator species are promising candidates for mass rearing for
biological control purposes in the future.

Keywords: Aydin, Ladybugs, natural enemies

Introduction

Pseudococcidae (Hemiptera: Coccomorpha) is a large family spread over wide areas
of the world in terms of the number of species. Many new pseudococcid species have
been identified in systematic faunistic studies conducted in different geographic
areas, and many species are first records for the country they are found in (Garcia
Morales et al. 2016). Similarly, new mealybug species have been identified in
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agricultural and non-agricultural areas in Tirkiye, and many species have been
recorded for the first time there (Ulgentiirk et al. 2022; Yerlikaya et al. 2023).
According to Scalenet data, 112 mealybug species have been reported from Tiirkiye
(Garcia Morales et al. 2016). Some of these species cause significant damage in
agricultural and landscaped areas (Kaydan et al. 2005; Telli & Yigit 2019a,b;
Yerlikaya et al. 2023).The toxic substances they secrete during their feeding can
cause deformations of plant tissues, yellowing of leaves and cessation of plant
growth. In addition, by exuding the excess plant sap they consume during their
feeding, they reduce the quality and quantity of the fruit with damage called “sooty
mould” (Uygun et al., 1998). Moreover, some pseudococcid species are virus vectors
(Bertin et al. 2010; Cid et al. 2010; Mekuria et al. 2013; Wistrom et al. 2016; Palma-
Jiménez et al. 2019).

Chemical control alone is not effective enough for reasons such as high
reproductive potential, feeding in sheltered parts of the plant, resistance problems
and residue risk (Chong et al. 2015). Thus, it is recommended to use natural enemies
within the scope of integrated pest management (Dinesh & Venkatesha 2011; Qin et
al. 2019).

Many studies have reported that mealybug populations can be significantly
reduced by their natural enemies (Muniappan et al. 2006; Sultan et al. 2021).
Parasitoids and predators are among these natural enemies, and species of the
Coccinellidae family have an important status among the predatory species (Gautam
et al. 2007; Fand et al. 2010; Saengyot & Burikam 2011; Nazari et al. 2018;
Seyfollahi et al. 2019). In earlier studies, many species belonging to the
Coccinellidae family have been identified in close association with mealybugs
(Kaydan et al. 2006; Jalilvand et al. 2014; Yigit & Telli 2014; Peronti et al. 2016;
Poorani & Lalitha 2018; Telli & Yigit 2019a,b; Sa et al. 2020; El Aalaoui & Sbaghi
2021). In this study, predatory species belonging to the Coccinellidae family
(coccinellids) that were found on mealybug infested plants in agricultural and non-
agricultural areas in Aydin Province, Tiirkiye are listed and discussed.

Materials and Methods

Samples were collected from natural and agricultural areas in Aydin city center and
its districts in Tiirkiye in 2019 after examining the roots, root collars and green parts
of plants in those areas. The samples were taken in order to determine the species
belonging to the family Pseudococcidae and the predatory species of the family
Coccinellidae associated with them. All samples were numbered and labeled and the
GPS coordinates of their collection places were recorded. In the laboratory, culturing
and preparation studies were carried out in order to identify the collected
pseudococcid species and their coccinellid predators. Female adult pseudococcid
species were slide mounted by using the methods of Kosztarab & Kozar (1988) at
Aydin Adnan Menderes University, Sultanhisar, Aydmn, Tirkiye, with some
modifications (cleaning the samples with a fine brush using sterile water after KOH
treatment). A Leica DM2500 phase-contrast binocular microscope was used for the
identification of pseudococcid species. For the identifications, the identification keys
of Danzig & Gavrilov-Zimin (2014, 2015), Danzig (1990, 2001a, 2001b, 2003),
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Kaydan (2015), Kosztarab & Kozar (1988), Marotta (1992), Tereznikova (1975) and
Ter-Grigorian (1973), were used.

Adult coccinellid specimens seen on the mealybug colonies were collected with
an aspirator and placed in killing jars. Larvae found on mealybug colonies were
collected together with the plant part that they were found on, then taken to the
laboratory and cultured, and adult coccinellids were obtained. The preparation of the
coccinellid species was carried out using the methodology of Uygun (1981). For this
purpose, the killed coccinellid adults were fixed at their ventral surfaces to individual
triangular cardboard baseplates. Water-based, easily dissolved, odorless and
colorless adhesive was used in the bonding process. Finally, a small rectangular note
containing the specimen’s details was then pinned on the wide part of each
specimen’s baseplate.

The coccinellid specimens were identified by Prof Nedim Uygun (Cukurova
University, Faculty of Agriculture, Department of Plant Protection, Adana),
according to methodology of Uygun (1981).

Results and Discussion

List of Coccinellidae collected in Aydin Province, Tiirkiye in 2019

Genus Chilocorus

1. Chilocorus bipustulatus (Linnaeus)

Material Examined: Aydin: 1 individual, Kusadasi (37°50'34"N, 27°14'48"E), 19
m, 13.vi.2019, ex Planococcus vovae on Cupressus macrocarpa, leg. H. Yerlikaya,

Coll. No: 45.

Genus Exochomus

2. Exochomus nigromaculatus (Goeze)

Material Examined: Aydmn: 3 individuals, Nazilli (37°54'53"N, 28°19'40"E), 126
m, 30.v.2019, ex Planococcus vovae on Cupressus macrocarpa, leg. H. Yerlikaya,
Coll. No: 30; 1 individual, Efeler (37°50'37"N, 27°50'00"E), 55 m, 2.vii.2019, ex
Planococcus citri on Citrus aurantium, H. Yerlikaya, Coll. No: 119; 4 individuals,
Efeler, (37°50'39"N, 27°51'08"E), 60 m, 12.x.2019, ex Planococcus citri on Nerium
oleander, leg. H. Yerlikaya, Coll. No: 483.

Genus Hippodamia
3. Hippodamia variegata (Goeze)
Material Examined: Aydin: 1 individual, Kusadasi (37°43'06"N, 27°13'19"E), 4 m,

14.vi.2019, ex Pseudococcus longispinus on Euonymus japonicus, leg. H. Yerlikaya,
Coll. No: 62; 1 individual, Kogarli (37°43'56"N, 27°50'14"E), 46 m, 6.x.2019, ex
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Phenacoccus madeirensis on Amaranthus viridis, leg. H. Yerlikaya, Coll. No: 474;
4 individuals, Efeler, (37°52'13"N, 28°01'16"E), 76 m, 3.xi.2019, ex Phenacoccus
solenopsis on Hibiscus rosa-sinensis, leg. H. Yerlikaya, Coll. No: 511.

Genus Nephus

4. Nephus hiekei (Fiirsch)

Material Examined: Aydm: 1 individual, Kosk (37°5120"N, 28°0326"E), 72 m,
9.vii.2019, ex Planococcus ficus on Ficus carica, leg. H. Yerlikaya, Coll. No: 176;
5 individuals, Didim (37°24'57"N, 27°25'15"E), 19 m, 24.vii.2019, ex Phenacoccus
solenopsis on Solanum lycopersicum, leg. H. Yerlikaya, Coll. No: 236; 6 individuals,
Efeler (37°50'01"N, 27°51'03"E), 39 m, 2.viii.2019, ex Phenacoccus madeirensis on
Ocimum basilicum, leg. H. Yerlikaya, Coll. No: 282; 7 individuals, Nazilli
(37°54"25"N, 28°15'43"E), 104 m, 5.viii.2019, ex Phenacoccus solenopsis on
Lantana camara, leg. H. Yerlikaya, Coll. No: 314; 1 individual, Efeler (37°49'51"N,
27°50'36"E), 41 m, 28.viii.2019, ex Phenacoccus solenopsis on Amaranthus viridis,
leg. H. Yerlikaya, Coll. No: 344; 4 individuals, Efeler (37°49'17"N, 27°49'48"E), 40
m, 2.viii.2019, ex Phenacoccus madeirensis on Gazania rigens, leg. H. Yerlikaya,
Coll. No: 356; 1 individual, Kosk, (37°52'04"N, 28°05'12"E), 99 m, 3.ix.2019, ex
Phenacoccus madeirensis on Helianthus tuberosus, leg. H. Yerlikaya, Coll. No: 361,
3 individuals, Kuyucak (37°54'46."N, 28°35'34"E), 105 m, 7.ix.2019, ex
Heterococcus nudus on Sorghum halepense, leg. H. Yerlikaya, Coll. No: 389; 2
individuals, Efeler (37°51'22"N, 27°54'34"E), 72 m, 10.ix.2019, ex Phenacoccus
parietaricola on Parietaria judaica, leg. H. Yerlikaya, Coll. No: 408; 1 individual,
Efeler (37°51'05"N, 27°54'32"E), 57 m, 10.ix.2019, ex Dysmicoccus angustifrons on
Echium angustifolium, leg. H. Yerlikaya, Coll. No: 409; 3 individuals, Germencik
(37°52'07"N, 27°38'48"E), 36 m, 23.ix.2019, ex Phenacoccus phenacoccoides on
Sorghum halepense, Coll. No: 453; 2 individuals, Efeler (37°49'47.2"N,
27°50'48"E), 44 m, 30.ix.2019, ex Phenacoccus solenopsis on Mirabilis jalapa, leg.
H. Yerlikaya, Coll. No: 464.

5. Nephus includens (Kirsch)

Material Examined: Aydin: 2 individuals, Efeler (37°49'45"N, 27°50'45"E), 44 m,
30.ix.2019, ex Planococcus citri on Rosa sp., leg. H. Yerlikaya, Coll. No: 467.

6. Nephus macilentus Kirsch

Material Examined: Aydin: 3 individuals, Kosk (37°50'08"N, 28°00'51"E), 50 m,
9.vii.2019, ex Dysmicoccus angustifrons on Althaea officinalis, leg. H. Yerlikaya,
Coll. No: 170.

7. Nephus nigricans Weise
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Material Examined: Aydm: 1 individual, Kosk (37°50'08"N, 28°00'51"E), 50 m,
9.vii.2019, ex Dysmicoccus angustifrons on Althaea officinalis, leg. H. Yerlikaya,
Coll. No: 170; 1 individual, Sultanhisar (37°53'16"N, 28°09'35"E), 72 m, 9.vii.2019,
ex Planococcus vovae on Cupressus sempervirens, leg. H. Yerlikaya, Coll. No: 172;
1 individual, Kogarli (37°45'39"N, 27°49'55"E), 39 m, 31.vii.2019, ex Planococcus
vovae on Juniperus communis, leg. H. Yerlikaya, Coll. No: 264.

Genus Rodalia

8. Rodalia cardinalis (Mulsant)

Material Examined: Aydin: 3 individuals, Soke (37°45'18"N, 27°24'25"E), 46 m,
19.v.2019, ex Pseudococcus longispinus on Pittosporum tobira, leg. H. Yerlikaya,
Coll. No: 12.

Genus Scymnus
9. Scymnus levaillanti (Mulsant)

Material Examined: Aydin: 1 individual, Kusadasi (37°44'01"N, 27°17'30"E), 60
m, 14.vi.2019, ex Planococcus citri on Citrus aurantium, leg. H. Yerlikaya, Coll.
No: 70.

10. Scymnus subvillosus Goeze

Material Examined: Aydin: 1 individual, Soke (37°45'18.0"N, 27°24'25"E), 31 m,
19.v.2019, ex Planococcus vovae on Cupressus sempervirens, leg. H. Yerlikaya,
Coll. No: 9; 17 individuals, Efeler (37°51'15"N, 27°50'39"E), 83 m, 26.v.2019, ex
Planococcus vovae on Cupressus macrocarpa, leg. H. Yerlikaya, Coll. No: 16; 17
individuals, Kusadas1 (37°50'34"N, 27°14'48"E), 19 m, 13.vi.2019, ex Planococcus
vovae on Cupressus macrocarpa, leg. H. Yerlikaya, Coll. No: 45; 1 individual,
Didim (37°20'55"N, 27°1628"E), 15 m, 3.vii.2019, ex Planococcus vovae on
Cupressus macrocarpa, leg. H. Yerlikaya, Coll. No: 134; 1 individual, Didim
(37°21127"N, 27°16'31"E), 12 m, 3.vii.2019, ex Planococcus citri on Citrus
aurantium, leg. H. Yerlikaya, Coll. No: 142; 7 individuals, Késk (37°51220"N,
28°03"26"E), 72 m, 9.vii.2019, ex Planococcus ficus on Ficus carica, leg. H.
Yerlikaya, Coll. No: 176; 1 individual, Koésk (37°51'33"N, 28°02'51"E), 82 m,
9.vii.2019, ex Planococcus vovae on Cupressus sempervirens, leg. H. Yerlikaya,
Coll. No: 177; 2 individuals, Efeler (37°50'59"N, 27°45'51"E), 49 m, 15.vii.2019, ex
Pseudococcus longispinus on Jasminum officinale, leg. H. Yerlikaya, Coll. No: 186;
3 individuals, Didim, (37°22'47"N, 27°16'12"E), 39 m, 24.vii.2019, ex Planococcus
citri on Euonymus japonicus, leg. H. Yerlikaya, Coll. No: 231; 1 individual, Efeler
(37°49'13"N, 27°50'06"E), 40 m, 2.ix.2019, ex Planococcus vovae on Cupressus
sempervirens, leg. H. Yerlikaya, Coll. No: 355; 1 individual, Efeler (37°50'S8"N,
27°48'50"E), 65 m, 21.ix.2019, ex Planococcus vovae on Cupressus macrocarpa,
leg. H. Yerlikaya, Coll. No: 445.
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Conclusions

In this study, 10 predator species from the family Coccinellidae were found. They
were collected with 10 mealybug species during a survey on 22 host plant species in
Aydin Province in Tirkiye. The most common coccinellid species in the samples
was Scymnus subvillosus and most of them were collected from with Planococcus
vovae on Cupressus sp.. The second most common species was Nephus hiekei and
most of them were collected with Phenacoccus solenopsis and Ph. madeirensis on
ornamental plants. The number of the coccinellids was more numerous in non-
agricultural areas than in agricultural areas. This result supports the protection of
non-agricultural areas in terms of natural enemy populations which contribute to the
control of pest species in agricultural areas. Intensive study of the biology, ecology
and mass rearing of the predatory coccinellids is fundamental to the improvement of
biological control programs.
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Abstract: This study aimed to document the predatory coccinellids that feed on aphids on
host plants and the tripartite relationships of coccinellid-host aphid-host plant in the park,
rural landscape and urban areas of Canakkale Province, Turkiye in 2021 and 2022. Eight
species in six genera from the family Coccinellidae (Coleoptera) associated with 27 aphid
species were recorded on 25 host plant species. Of the predatory coccinellids, the most
common species was Coccinella septempunctata L. and it was associated with 12 different
aphid species. Of the aphids, the species that were most commonly preyed on by coccinellids
were Aphis craccivora Koch, Cinara tujafilina (Del Guercio), Hyalopterus amygdali
(Blanchard) and Hyalopterus pruni (Geoffroy) which were associated with three coccinellid
species. Of the host plant species, Hibiscus syriacus (Malvaceae), Prunus domestica
(Rosaceae) and Pyracantha coccinea (Rosaceae) hosted the most predatory coccinellid-aphid
relationships. Overall, a total of 52 different, tripartite predatory coccinellid-aphid-host plant
relationships were revealed.
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Oz: Bu galismada, 2021 ve 2022 yillarinda Canakkale ili park, peyzaj ve kentsel alanlarinda
bulunan konukgu bitkiler iizerindeki afitler ile beslenen predatdr coccinellidler ve
coccinellid-afit-konukgu bitki etkilesimlerinin ortaya ¢ikarilmasi amaglanmistir. Calisma
sonucunda, 25 konukgu bitkideki 27 afit tiirii izerinde predator olarak beslendigi tespit edilen
Coccinellidae (Coleoptera) familyasina bagli 6 cins igerisinde 8 tiir tespit edilmistir. Predator
coccinellidlerden, en yaygin tir 12 farkli afit tirii tzerinde belirlenen Coccinella
septempunctata L. olarak tespit edilmistir. Konukgu afitlerden, en fazla predatdr coccinellid
tire ev sahipligi yapan afitler 3’er coccinellid ile Aphis craccivora Koch,
Cinara tujafilina (Del Guercio), Hyalopterus amygdali (Blanchard) ve Hyalopterus pruni
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(Geoffroy) olmustur. Konukgu bitkilerden, en fazla predatdr coccinellid-afit etkilesimine ev
sahipligi yapan bitkiler Hibiscus syriacus (Malvaceae), Prunus domestica (Rosaceae) ve
Pyracantha coccinea (Rosaceae) olarak belirlenmistir. Sonug olarak, bu ¢aligma kapsaminda
Canakkale ili park, peyzaj ve kentsel alanlarinda toplam 52 farkli predator coccinellid-
konukgu afit-konukeu bitki etkilesimi ortaya ¢ikarilmistir.

Anahtar Kelimeler: Predator coccinellid, afit, etkilesim, kentsel alan, Canakkale

Giris

Hemiptera takimi Aphididaec familyasinda bulunan afitler, siis bitkilerinin de
igerisinde bulundugu cok sayida agac, cali ve yabanci ot formundaki bitkide; bitki
O0zsuyunu emerek yapraklarda sararma, kivrilma, sekil bozuklugu meydana
getirmeleri, fumajine sebep olmalart ve bitki virlis hastaliklarinin taginmasi gibi
dogrudan ve dolayli olarak ekonomik kayiplara neden olmaktadir (Blackman &
Eastop 2006; Jouraeva et al. 2006; Van Emden & Harrington 2007). Ayrica, afitler
siis bitkileri tlizerinde tatlms1 madde olusumu, renk degisikligi, bitkide
deformasyonlar, bodurluk ve bitki kisimlarinin kurumasi gibi estetik goriiniimde
Oonemli zararlara sebep olarak siis bitkilerinin dekoratif degerini azaltmaktadir
(Borowiak-Sobkowiak & Wilkaniec 2010). Giliniimiizde pestisitlerin yogun olarak
kullanildigi kimyasal miicadele, afitler basta olmak iizere birgok zararli bocek
grubuna karst hala en yaygin kullanilan yontemlerinin basinda gelmektedir
(Hashemi & Damalas 2010; Simon-Delso et al. 2015). Afitlerin miicadelesinde
kullanilan pestisitlerin 6nemli oranda dayaniklilik (Margaritopoulos et al. 2007,
Wang et al. 2007; Ulusoy et al. 2018; Berber et al. 2022) meydana getirmesi ve dogal
diismanlar lizerindeki negatif etkileri (Rogers et al. 2011; Cheng et al. 2021) goz
Oniine alindiginda biyolojik miicadele gibi alternatif yontemlerinin 6énemi hizla
artmaktadir.

Farkli habitatlarda, afitler {izerinde yliriitiilecek basarili bir biyolojik miicadele
icin dogal diismanlarin tespit edilmesi, etkinliklerinin ve kullanilabilme
olanaklarmin kapsamli bir sekilde arastirilmasi olduk¢a énemlidir (Rabasse & Van
Steenis 1999). Afitler ile biyolojik miicadele ¢aligmalarina Coccinellidae
(Coleoptera), Syrphidae (Diptera) ve Chrysopidae (Neuroptera) gibi familyalardan
predatorler, Braconidae (Hymenoptera) ve Aphelinidae (Hymenoptera) gibi
familyalardan parazitoitler ve bazi patojenler gibi dogal diismanlar 6nemli katkilar
saglamaktadir (Volkl et al. 2007; Kok et al. 2020; Kok & Kasap, 2021; Kok &
Tomanovi¢ 2022). Afitlerin 6nemli predatér dogal diismanlarindan olan, “Ugur
bbcegi ve Gelin bocegi” gibi isimler verilen Coccinellidae (Coleoptera) familyasi
igerisinde 360 cinse ait 6000 tiir bulunmaktadir (Slipinski 2007). Coccinellid
tirlerinin biiyiilk ¢ogunlugu Diptera, Hemiptera, Hymenoptera, Thysanoptera ve
Lepidoptera ve gibi bocek takimlarina ait zararl tiirlerin larva, nimf veya erginleri
ile predator olarak beslenirken (Pervez 2004; Slipinski 2007) bazi tiirler ise bitki
dokular1, fungal materyal, nektar, polen ve tathmsi madde ile beslenmektedir
(Chinery 1993; Slipinski & Tomaszewska 2010). Baz1 Coccinellid tiirleri afitlerin en
onemli predatorleri olarak bilinmekte ve farkli ekosistemlerdeki afit
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popiilasyonlarinin baskilanmasinda énemli bir rol oynamaktadir (Lee et al. 2005;
Deguine et al. 2007; Volkl et al. 2007; Michels & Matis 2008).

Kentsel alanlar genellikle zararli olarak kabul edilen bir¢ok arthropod
popiilasyonlarina ev sahipligi yapmaktadir. Kentsel alanlardaki bitki ortiisii
cesitliligi ve karmasikligi, egzotik konukgu bitkilerin varlig1 ve kiiresel 1sinma gibi
faktorler goz Oniine alindiginda bu zararh tiirlerin yogunlugu hizla artmaktadir
(Burkman & Gardiner 2014). Ayrica, birgok ¢alisma zengin bitki ortiisii ¢esitliligine
veya karmagikligina sahip kentsel ekosistemlerin Ozellikle predatorler ve
parazitoidler gibi dogal diismanlarin varligin1 veya tiir ¢esitliligini destekledigini
gostermektedir (Tooker & Hanks 2000; Frank & Shrewsbury 2004; Shrewsbury et
al. 2004; Tomanovi¢ et al. 2006; 2009). insan niifusunu barindiran bélgelerde park,
peyzaj ve kentsel alanlardaki bitkiler iizerinde boceklerin kolaylikla popiilasyon
meydana getirip, ¢ogalabildigi, dagilabildikleri ve pestisit kullanimi ile kismen
bozulsa da dogal ekosistemdeki predator/parazitoit-zararli-konukgu  bitki
iligkilerinin yogun bir sekilde devam ettigi yerlerdir. Kentlerde yasayan insan
niifusunun artmaya devam etmesi ve bu ekosistemlerdeki bitki Ortiisiiniin
genislemesinin 2030 yilina kadar 1,2 milyon km? artacagi tahmini (Seto et al. 2012)
g0z oOniine alindinda, kentsel alanlarda konukgu bitkiler tizerindeki zararli ve dogal
diisman tiirleri arasindaki etkilesimlerin daha ayrintili incelenmesinin 6nemi daha da
artmaktadir.

Bu amag¢ dogrultusunda, bu ¢alisma ile 2021 ve 2022 yillarinda Canakkale ili
park, peyzaj ve kentsel alanlarinda bulunan agag, ¢ali, yabanci ot ve siis bitkisi gibi
konukcu bitkiler iizerindeki afitler ile beslenen predatér coccinellidler ve
coccinellid-afit-konukgu bitki etkilesimlerinin ortaya ¢ikarilmasi amaglanmistir.

Materyal ve Yontem
Predator coccinellidler, afitler ve konukgu bitkilerin toplanmasi

Canakkale ili park, peyzaj ve kentsel alanlarinda bulunan agag, ¢ali, yabanci ot gibi
bitkiler tizerinde bulunan afitler ile beslenen predator coccinellidler ve coccinellid-
afit-konukgu bitki etkilesimlerinin ortaya ¢ikarilmasi i¢in yiiriitiillen bu ¢alismada
orneklemeler 2021-2022 yillarinda yapilmistir. Orneklemeler afitlerin daha yogun
bulundugu Nisan-Haziran aylarinda haftada bir, Temmuz-Ekim aylarinda ise on bes
giinde bir yapilmistir. Predator coccinellidlerin toplanmasi amaciyla afit kolonisi ile
bulasik oldugu belirlenen konukgu bitkiler oncelikle gozle kontrol edilmistir.
Uzerinde predatér coccinellidlerin yumurta, larva veya ergin bireyleri oldugu tespit
edilen afitler ile bulasik konukgu bitkiler laboratuvara getirilmistir. Bulasik bitkiler
izerindeki ergin coccinellid bireyleri alinarak cam kavanozlar icerisinde pamuga
emdirilmis etil-asestat kullanilarak oldiiriilmiistiir. Bitkiler {izerinde bulunan
predator coccinellidlerin yumurta ve larva donemleri iist kismi ince tiil ile kapatilan
plastik kiiltiir kafeslerine alinmis ve ergin bireylerin elde edilmesi saglanmistir. Agag
ve ¢al1 gibi konukgu bitkiler iizerinde bulunan ergin predatér coccinellid bireyleri ise
emgi tiipli ve Japon semsiyesi yardimi ile toplanmistir. Elde edilen ergin bireyler
teshis edilebilmesi i¢in elytrasinin sag iist boliimiinden bocek ignesi ile
ignelenmistir. Bocek ignesi kullanilamayacak sekilde kiigiik boya sahip bireyler ise
iicgen seklinde kiiciik kartonlara viicudun dorsal kismi iiste olacak sekilde
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yapistirilmistir. Bu 6rneklere 6rnegin toplanma tarihi, yer bilgileri, toplayan kisi,
takim ve familya bilgileri igeren etiketlerde eklenmis ve 6rnekler teshise hazir hale
getirilmistir.

Predatdr coccinellidlerin beslendigi afit tiirlerinin belirlenmesi icin, afitler ile
bulasik bitkiler kagida sarilarak polietilen torbalar igerisinde laboratuara
getirilmistir. Daha sonra afit bireyleri laboratuvarda %70 veya %90 etil alkol i¢eren
eppendorf tiiplerine kanatli ve kanatsiz ergin donemler olacak sekilde
orneklenmistir. Agag¢ ve ¢ali formundaki konukgu bitkilerden ise arazi kosullarinda
00 numara samur fir¢a yardimu ile eppendorf tiipleri icerisine yeterli sayida afit bireyi
alinmustir.

Caligmada iizerinde afit kolonisi ve predator coccinelidlerin oldugu tespit edilen
konuk¢u bitkiler kok, govde, yaprak ve cicek kisimlari ile birlikte sokiilerek
laboratuvara getirilmis ve herbaryumlar1 yapilarak teshise hazir hale getirilmistir.
Laboratuvara getirilme imkani olmayan agac ve ¢ali formundaki bitkilerin ise detayl
bir sekilde biitiin kisimlarinin fotograflar ¢ekilerek teshise hazir hale getirilmistir.

Predator coccinellidler, afitler ve konukcu bitkilerin teshis edilmesi

Calisma kapsaminda konukgu bitkiler tizerindeki afitlerin dogal diismani olarak
belirlenen predator coccinellid bireyleri teshis igin koleksiyon haline getirildikten
sonra teshisleri Dr. Ogr. Uyesi Derya SENAL (Bilecik Seyh Edebali Universitesi,
Ziraat ve Doga Bilimleri Fakiiltesi, Bitki Koruma Boliimii) tarafindan yapilmstir.
Toplanan konukgu afit bireylerinin Oncelikle preparasyonu Hille Ris Lambers
(1950)’e gore gergeklestirilmis ve teshisleri LAS 4.1 paket programinda LEICA DM
2500 marka 151k mikroskobu kullanilarak Blackman & Eastop (2006; 2023)’e gore
sorumlu yazar tarafindan yapilmistir. Calismada iizerinde afitler ve pradator
coccinellidlerin  belirlendigi konukc¢u bitkilerin teshisleri Prof. Dr. Ersin
KARABACAK (Canakkale Onsekiz Mart Universitesi, Fen Fakiiltesi, Biyoloji
Boliimit) tarafindan gergeklestirilmistir.

Predator coccinellid-konukcu afit- konukcu bitki etkilesimlerinin
belirlenmesi

Canakkale ili park, peyzaj ve kentsel alanlarindaki predator coccinellidler-konuk¢u
afitler-konukgu bitkiler arasindaki etkilesimlerin gorsellestirilmesi amaciyla
tripartite etkilesimleri ag1 grafigi olusturulmustur. Bu grafigin olusturulmasinda
coccinellidler, afitler ve konukgu bitkilerin bolluk verileri temel alinarak R (version
3.6.1) programinda “bipartite” paketinde yer alan “plotweb2” fonksiyonu
kullanilmigtir (R Development Core Team 2023).

Bulgular ve Tartisma

Canakkale ili park, peyzaj ve kentsel alanlarinda bulunan konukgu bitkiler
tizerindeki afitler ile beslenen predator coccinellidler ve coccinellid-afit-konukgu
bitki etkilesimlerinin ortaya ¢ikarilmasi i¢in yiiriitiillen bu ¢alismanin sonucunda, 25
konukcu bitkideki 27 afit tiirlii lizerinde predatdr olarak beslendigi tespit edilen
Coccinellidae (Coleoptera) familyasia bagli 6 cins igerisinde 8 tiir tespit edilmistir.
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Bu tiirlerin igerisinde oldugu Coccinellidae familyasindaki cins ¢esitliligi goz 6niine
alindiginda, en fazla predator coccinellid 3 tiir ile Adalia cinsinden tespit edilmistir.
Ayrica, belirlenen diger 5 cinse bagl birer tiir tespit edilmistir. Konukg¢u afitlerin
Aphididae familyasindaki bagli oldugu cins ¢esitlilikleri degerlendirildiginde ise, en
fazla sayida konukgu afit 10 tiir ile Aphis cinsinden tespit edilmistir. Bunu 3 tiir tespit
edilen Macrosiphum ve 2 tiir tespit edilen Hyalopterus cinsleri izlemistir.

Calisma kapsaminda teshis edilen predator coccinellid, konukeu afit ve konukgu
bitki tiirleri Cizelge 1’de verilmistir.

Cizelge 1. Canakkale ili park, peyzaj ve kentsel alanlarinda belirlenen predator
coccinellid, konukgu afit ve konukeu bitki tiirleri

Table 1. Predatory coccinellid, host aphid and host plant species recorded in parks,
landscapes and urban areas of Canakkale Province, Turkiye in 2021-2022

Predator Coccinellid Tiirleri

Adalia bipunctata (Linnaeus)
Adalia decempunctata (Linnaeus)

Adalia fasciatopunctata revelieri Mulsant

Coccinella septempunctata Linnaeus

Exochomus nigromaculatus Goeze
Harmonia axyridis Pallas
Hippodamia variegata Goeze
Scymnus apetzi Mulsant

Konukc¢u Afit Tiirleri

Acyrthosiphon gossypii Mordvilko
Aphis craccivora Koch

Aphis cytisorum Hartig

Aphis fabae Scopoli

Aphis gossypii Glover

Aphis hederae Kaltenbach

Aphis nerii Boyer de Fonscolombe
Aphis pomi De Geer

Aphis punicae Passerini, 1863
Aphis spiraecola Patch, 1914
Aphis umbrella (Borner, 1950)
Brachycaudus helichrysi (Kaltenbach)
Chaitophorus populeti (Panzer)
Cinara tujafilina (Del Guercio)

Eucallipterus tiliae (Linnaeus)
Hyalopterus amygdali (Blanchard)
Hyalopterus pruni (Geoffroy)
Liosomaphis berberidis (Kaltenbach)
Macrosiphum euphorbiae (Thomas)
Macrosiphum rosae (Linnaeus)
Macrosiphum sp.

Panaphis juglandis (Goeze)
Phorodon humuli (Schrank)
Rhopalosiphum maidis (Fitch)
Sarucallis kahawaluokalani (Kirkaldy)
Trama caudata Del Guercio
Uroleucon sonchi (Linnaeus)

Konukcu Bitki Tiirleri

Berberis atropurpurea (Berberidaceae)
Citrus sp. (Rutaceae)

Hedera helix (Araliaceae)

Hibiscus syriacus (Malvaceae)
Juglans regia (Juglandaceae)
Lagerstroemia indica (Lythraceae)
Malva vulgaris (Malvaceae)
Medicago sativa (Leguminosae)
Nerium oleander (Apocynaceae)
Photinia serrulata (Rosaceae)
Platycladus orientalis (Cupressaceae)
Populus alba (Salicaceae)

Prunus sp. (Rosaceae)

Prunus cerasifera (Rosaceae)
Prunus domestica (Rosaceae)
Prunus persica (Rosaceae)
Punica granatum (Lythraceae)
Pyracantha coccinea (Rosaceae)
Robinia pseudoacacia (Leguminosae)
Rosa sp. (Rosaceae)

Sonchus sp. (Asteraceae)
Spartium junceum (Leguminosae)
Tilia cordata (Malvaceae)
Wisteria sinensis (Leguminosae)
Zea mays (Poaceae)
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Bu ¢aligma kapsaminda Canakkale ili park, peyzaj ve kentsel alanlarinda toplam
52 farkli predatér coccinellid-konukgu afit-konukgu bitki etkilesimi ortaya
cikarilmistir. Predator coccinellidler agisindan bakildiginda, konukgu bitkilerdeki
afitler izerinde beslenen en yaygin predator coccinellid tiirler 12 farkl: afit izerinde
tespit edilen Coccinella septempunctata Linnaeus, 11 farkli afit {izerinde tespit
edilen Adalia fasciatopunctata revelieri Mulsant ve 9 farkli afit iizerinde tespit edilen
Adalia bipunctata (Linnaeus) olarak belirlenmistir. Diger predator coccinellidlerden
sadece birer afit tiirli {izerinde tespit edilen Exochomus nigromaculatus Goeze ve
Scymnus apetzi Mulsant en az yaygin tiirler olarak belirlenmistir. Afitler agisindan
degerlendirildiginde, iizerinde en fazla predator coccinellid tiir tespit edilen afitler
3’er coccinellid ile Aphis craccivora Koch, Cinara tujafilina (Del Guercio),
Hyalopterus amygdali (Blanchard) ve Hyalopterus pruni (Geoffroy) olmustur. Diger
afit tiirlerinden, Acyrthosiphon gossypii Mordvilko, Aphis cytisorum Hartig, Aphis
fabae Scopoli, Aphis hederae Kaltenbach, Aphis pomi De Geer, Chaitophorus
populeti (Panzer), Eucallipterus tiliae (Linnaeus), Liosomaphis berberidis
(Kaltenbach), Macrosiphum euphorbiae (Thomas), Macrosiphum rosae (Linnaeus),
Panaphis juglandis (Goeze), Rhopalosiphum maidis (Fitch), Sarucallis
kahawaluokalani (Kirkaldy), Trama caudata Del Guercio ve Uroleucon sonchi
(Linnaeus) ise sadece bir predatdr coccinellid tiiriine ev sahipligi yapmustir. Konukgu
bitkiler ag¢isindan degerlendirildiginde ise en fazla predator coccinellid-afit
etkilesimine ev sahipligi yapan konukgu bitkiler Hibiscus syriacus (Malvaceae),
Prunus domestica (Rosaceae) ve Pyracantha coccinea (Rosaceae) olarak
belirlenmistir (Sekil 1).
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Sekil 1. Canakkale ili park, peyzaj ve kentsel alanlardaki predator coccinellidler
(tst), konukgu afitler (orta) ve konukgu bitkiler (alt) arasindaki tripartite
etkilesim ag1 grafigi. (Siyah barlar tiirlerin bollugunu, gri barlar etkilesimleri
ve cubuklarin genisligi etkilesimlerin yogunlugunu temsil etmektedir)

Figure 1. Tripartite network for species interactions between predatory coccinellids
(top), prey aphids (middle) and host plants (bottom) in parks, landscapes and
urban areas of Canakkale Province, Turkiye in 2021-2022. (Black bars
represent abundance of the species, grey bars represent relationships and
width of the bars indicates the intensity of relationships)

Kentsel ekosistemler ¢ok sayida predatér coccinellid tiirlinii barindirmaktadir.
Ancak kentsel alanlardaki bu predator tiirlerin gesitliliginin bitki ortiisii varligi ve
karmasikligi, ¢icekli bitkilerin varligi ve av bollugu gibi faktorler ile yakindan iliski
oldugu bilinmektedir (Egerer et al. 2017; Rocha et al. 2018). Ayrica, bitkiler
tarafindan salinan ve afitlerin konukgularin1 bulmasinda yonlendirici olan kimyasal
ve fiziksel ipuglar1 ayn1 zamanda predator coccinellidlerin avlarimin yerini bulmasi
icin de olduk¢a Onemlidir. Predatdr coccinellid tiirlerinden, C. septempunctata,
Coleomegilla maculata De Geer, Harmonia axyridis Pallas ve Hippodamia
convergens Guerin’in afitlerden Acyrthosiphon pisum (Harris)'un kirmizi ve yesil
bireylerine saldirmaktadir (Harmon et al. 1998). Benzer sekilde, C. septempuctata,
afitler tarafindan zarar gérmiis konukcu bitkilerden gelen kimyasal kokulara ilgi
duymustur (Ninkovic et al. 2001; Han & Chen 2002). Bitki ¢esitliliginin zararlilarin
tiir zenginligi ile dnemli bir pozitif korelasyon gostermesi géz oniine alindiginda, bu
zararhlar lizerinde beslenen predator tiirlerin ¢esitliliginin de bitkiler tarafindan
dolayli olarak etkilendigi ortaya ¢ikmaktadir. Bu sebeplerden dolayi tarim, tarim disi
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ve kentsel ekosistemlerdeki alanlarda sadece afitlerin predatdr coccinellid tiirlerinin
belirlenmesi degil ayn1 zamanda predatdr coccinellid - konukgu afit - konukgu bitki
etkilesimlerinin bir biitiin olarak ele alinmas1 olduk¢a 6nemlidir.

Bu baglamda degerlendirildiginde bu calismada Canakkale ili park, peyzaj ve
kentsel alanlarinda toplam 52 farkli predator coccinellid-konukgu afit-konukgu bitki
etkilesimi elde edilmesi bu durumu desteklemektedir. Ayrica, en fazla predator
coccinellid-afit etkilesimine ev sahipligi yapan konukgu bitkiler olarak H. syriacus,
P. domestica ve P. coccinea ’nin tespit edilmesi de konukgu bitki tiirlerinin predator
coccinellid - konukgu afit iligkilerini etkiledigini ortaya koymaktadir. Diger taraftan,
farkli kentsel ekosistemlerde yiiriitiilen ¢alismalar bu alanlarin ¢ok sayida predator
coccinellid - konukgu afit etkilesimine ev sahipligi yaptigini dogrulamaktadir. Rocha
et al. (2018) tarafindan giiney Ingiltere’de kentsel alanlardaki ev bahgelerinde
yiiriitiilen caligmada 45 afit tlirii ve 8 predator coccinellid tiirii tespit edilmistir.
Ayrica, arastirmacilar predatér coccinellidlerin bollugu ve cesitliliginin afitlerin
bollugu ve bitki tir zenginligi ile pozitif bir korelasyonda oldugunu
vurgulanuslardir. Lumbierres et al. (2005) Lleida, Ispanya’da sokak, cadde, park ve
kiigiik ev bahgelerinde farkli konukcu bitkiler iizerindeki afitler ve dogal diismanlari
arasindaki etkilesimleri arastirdiklart galigmanin sonucunda, afitlerin predatorii
olarak 9 farkli coccinellid tiirii tespit etmislerdir. Ayrica bu predatdr coccinellidlerin
calismada tespit edilen toplam konukgu afit - konukcu bitki etkilesimlerinin
%48’inde bulundugunu da bildirmislerdir. Ulkemizde Kayseri ilinde park ve peyzaj
alanlarindaki ¢ali ve aga¢ formunda bulunan tlizerindeki afitler ve dogal diismanlari
lizerine yiiriitiilen ¢aligmanin sonucunda 15 farkli konukgu bitkide beslenen 13 afit
tiirii ile iliskili 11 predator coccinellid tiir tespit edilmistir (Oztiirk & Mustu 2018).
Bu ¢aligmalara benzer olarak, bizim ¢alismamizda 25 konukgu bitkideki 27 afit tiirii
tizerinde predatdr olarak beslendigi belirlenen 8 coccinellid tiir tespit edilmigtir.

Diinya’da ve iilkemizde farkl: sehirlerdeki kentsel alanlarda yiiriitiilen ¢aligmalar
ve bizim bu g¢aligmada ortaya koydugumuz sonuglar géz oniine alindiginda bu
alanlarda predator coccinellidler, konukgu afitler ve konukgu bitkilerin ¢esitliligi ve
iliskileri arasinda onemli etkilesimler bulunmaktadir. insan niifusunun siirekli bir
artig egiliminde olmasi ve bu artisa paralel olarak kentlesmenin bilingsiz bir sekilde
devam etmesi durumunda predator tirlerin bollugu ve cesitliliginin degiserek
afitlerin biyolojik miicadelesini olumsuz etkileme ihtimali gz 6niine alindiginda, bu
alanlardaki predatdr coccinellid-konukgu afit-konukeu bitki etkilesimlerinin detayli
arastirilmasi ihtiyaci artmaktadir. Bu odak noktasi iizerine yiirttiilecek ¢aligmalarm,
kentsel alanlar da dahil olmak tizere farkli ekosistemlerdeki en énemli miicadele
yontemleri olarak kabul edilen entegre miicadele ve bunun bir pargasi olan biyolojik
miicadele ¢aligmalarina 6nemli katkilar saglayacag diisiiniilmektedir.
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Original article (Ozgiin makale)

Indigenous Turkish entomopathogenic fungi as potential
biological control agents of the Rose Aphid, Macrosiphum
rosae L. (Hemiptera: Aphididae)

Derya BAKI **, Hilal Sule TOSUN?, Fedai ERLER?

Giil Yaprakbiti, Macrosiphum rosae L. (Hemiptera: Aphididae)’nin potansiyel
biyolojik miicadele etmenleri olarak yerel entomopatojen funguslar

Oz: Giil yaprakbiti Macrosiphum rosae L. (Hemiptera: Aphididae), Tiirkiye'nin yani sira
diinyanin bir¢cok yerinde giillerin (Rosa spp.) (Rosaceae) 6nemli zararlilarindan biridir. Bu
caligmada 5 yerel entomopatojen fungus izolat1 [3 Beauveria bassiana izolati (BbDm-1,
BbKm-1, BbMp-1), 1 Isaria farinosa izolat1 (IfGp-1) ve 1 Purpureocillium lilacinum izolati
(PIKa-1)] laboratuvar kosullarinda M. rosae’nin nimflerine ve erginlerine karsi test
edilmistir. izolatlarin 10 giinliik PDA (patates dekstroz agar) ortaminda kiiltiiriinden elde
edilen 3 farkli konsantrasyondaki (1x107, 1x108 ve 1x10° konidia/ml) spor soliisyonlari M.
rosae’nin hem nimflerine hem de erginlerine karsi piskiirtiilerek test edilmistir. Sonuglar,
6lim oraninin konsantrasyona bagimli oldugunu ve izolatlarin etkinliginin artan spor
konsantrasyonuyla arttigin1 gostermistir (P < 0.05). Test edilen 5 izolattan, 2 B. bassiana
izolat: (BbDm-1 ve BbKm-1) en yiiksek konsantrasyonda (1 x 10° konidia/ml) uygulamadan
7 giin sonra sirasiyla nimflerde %100 ve %83.3 ve yetiskinlerde %96.7 ve %80.0 6liimlere
neden olmustur. Elde edilen sonuglar, bu iki B. bassiana izolatinin M. rosae’nin kontroliinde
kullanilma potansiyeline sahip oldugunu gostermektedir.

Anahtar kelimeler: Beauveria bassiana, Entomopatojenik fungus, Isaria farinosa,
Macrosiphum rosae, Purpureocillium lilacinum

Abstract: The rose aphid, Macrosiphum rosae L. (Hemiptera: Aphididae), is one of the
important pests of roses (Rosa spp.) (Rosaceae) in many parts of the world, including
Tiirkiye. In the present study, the pathogenic activity of five indigenous entomopathogenic
fungal (EPF) isolates [three isolates of Beauveria bassiana (BbDm-1, BbKm-1, BbMp-1),
one isolate of Isaria farinosa (IfGp-1) and one isolate of Purpureocillium lilacinum (PIKa-
1)], were tested for their activity against nymphs and adults of M. rosae under laboratory
conditions. Spore suspensions of three different concentrations (1 x 107, 1 x 108 and 1 x 10°
conidia/ml) obtained from a 10-day old culture of the isolates on PDA (Potato Dextrose Agar)
medium were tested by spray application against both nymphs and adults of M. rosae. The
mortality rate was dose-dependent and increased with spore concentration of the isolates (P
< 0.05). Of the five isolates tested, two B. bassiana isolates, BbDm-1 and BbKm-1, were the
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most pathogenic and caused mortalities of 100% and 83.3% in nymphs, and 96.7% and 80.0%
in adults, respectively, at the highest concentration (1 x 10° conidia/ml), 7 days after
treatment. Overall results suggest that these two B. bassiana isolates have the potential to be
used in the control of M. rosae.

Keywords: Beauveria bassiana, Entomopathogenic fungi, Isaria farinosa, Macrosiphum
rosae, Purpureocillium lilacinum

Introduction

Roses (Rosa spp.) (Rosaceae) are among the perennial ornamental plants widely
grown across the world, with 200 known species and 18,000 varieties (Sastry et al.
2019). Roses are also used in the perfume and cosmetics industries, in the
pharmaceutical industry due to their antibacterial and antioxidant properties, and in
the food industry as additives, in addition to their use for landscaping purposes
(Timor 2011; Ozgelik 2013).

Rose plants are infested by many insect pests, especially rose aphids, thrips,
whiteflies, and some hymenopteran and lepidopteran larvae. These pests cause
considerable damage to rose plants, especially to buds, leaves and
flowers. Therefore, rose yields are reduced by infestations of these insect pests. The
rose aphid, Macrosiphum rosae L. (Hemiptera: Aphididae) is one of
the most important pests of roses in different parts of the world, including
Tiirkiye. This species damages the aesthetic appearance of rosebushes by sucking on
the sap of their flowers and foliage. Chemical, biological and cultural control
methods are applied for the control of this insect (Budak et al. 2022). Especially in
cutrose production systems in Tirkiye, it is generally controlled by the
use of synthetic chemical insecticides, with adverse effects on non-target
organisms. The use of entomopathogenic fungi (EPF) in the control of arthropod
pests is considered environmentally friendly, being safe for non-target organisms
(Saenz-de-Cabezon et al. 2003; izgi & Giiven 2016).

The aim of the present study was to evaluate the pathogenic activity of five
indigenous Turkish entomopathogenic fungal isolates [three isolates of Beauveria
bassiana (BbDm-1, BbKm-1, BbMp-1), one isolate of Isaria farinosa (IfGp-1) and
one isolate of Purpureocillium lilacinum (PIKa-1)] against nymphs and adults of M.
rosae under laboratory conditions.

Materials and Methods
Insect culture

The M. rosae used in the experiments were obtained from a laboratory culture that
originated with field-collected adults from rose-growing areas in Antalya Province,
Turkiye. Rearing was done in wire cageson the foliage of potted industrial oil rose
plants (Rosa damascena Mill.) in a climate control room set to 25 + 1°C, 60 + 5 R.H.
and 16 : 8 (L / D) hour photoperiod. Subsequent cultures were maintained to obtain
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known age M. rosae. In this study, 0-48 h old nymphs and adults of M. rosae were
used.

Indigenous entomopathogenic fungal isolates

Five local EPF isolates belonging to three fungal species, which had beenisolated
from soil samples collected from agricultural areas in Antalya Province, Turkiye and
maintained in the EPF Collection of the Plant Protection Department of Akdeniz
University, Antalya, were tested in this study. Molecular identification of the isolates
was made by Baki (2021) using the PCR (Polymerase Chain Reaction) method.
Along with their accession numbers in the NCBI GenBank, species and code names,
habitats, geographic coordinates and sampling sites of the isolates are presented in
Table 1.

Table 1. List of the indigenous (Antalya Province, Turkiye), soil-borne
entomopathogenic fungal isolates used in bioassays against the rose aphid,
Macrosiphum rosae

Isolate

gc:riz) Species hame Origin Vegetation :B itgi}?zfgeand Efn?t:;ccession
BbDm-1 E;:‘;‘;ﬁga Demre Orange ZNgfg;a‘E’g;T' B MT441872
BbKm-1 Eg?;‘i‘;iga Kumluca  Olive '3\'0326;,1293'.1(;; "E MT441868
BbMp-1 E;?S‘:‘éﬁga Muratpasa  Fig 3330221?3'%74%" MT441880
IfGp-1 Isaria farinosa Gazipasa Olive ?232211%5203 E M T441902
PIKa-1 ﬁggﬂﬁ;’c""“m Konyaalt  Apple 13\10336;5531'.5;;5 "E - om267784
Bioassays

In order to determine the pathogenicity of the EPF isolates against M. rosae, trials
were conducted in the Entomology Laboratory of the Plant Protection Department
of Akdeniz University in Antalya (Figure 1). The EPF isolates were grown in PDA
(Potato Dextrose Agar) medium in an incubator set at 25+2°C for 10-14 days in a
dark environment. Ten mL of sterile distilled water containing 0.1% Tween 80 was
added on the developing fungi and conidia were obtained by scraping with a
Dirigalski spatula (Fancelli et al. 2013). Spore solutions were passed through four
layers of sterile cheese-cloth into 50 mL sterile glass flasks and agar and mycelial
fragments were removed. The obtained spore solutions were homogenized by
vortexing for 2-3 minutes (Abebe 2002). From the preliminary dose-testing studies,
three different doses, which were determined to be highly effective, were used in the
efficacy testing of the EPF isolates. Spore suspensionss of the isolates were prepared
by counting on a Thoma Lam device and final concentrations of the fungal isolates
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were adjusted to 1 x 107, 1 x 108 or 1 x 10° conidia/mL (Fancelli et al. 2013; Gabarty
et al. 2014).

Figure 1. The sequence of steps involved in bioassay tests of local Turkish EPF
isolates against the rose aphid, Macrosiphum rosae

Bioassay tests of EPF isolates on M. rosae were carried out in a climate room at
a temperature of 25 + 1°C and a relative humidity of 60 + 5%. Firstly, three layers
of blotting paper were placed in Petri dishes (9 cm in diameter), and then the rose
leaves were placed on them with the lower side up. By spraying, spore solutions were
applied on the leaves with a hand spray device three times from a distance of 10-20
cm. After the leaves were air-dried, 10 nymphs or 10 adults of M. rosae obtained
from the culture were placed on them with the help of a fine-tipped brush. The
experiment was carried out with 3 replications. Treatments were checked daily, with
final mortality counts made on the 3", 5" and 7™ days after application, and with the
live and dead aphids recorded separately. To confirm that the deaths were caused by
the applied EPF isolates, fungal re-isolation was performed from dead individuals
and thus Koch's postulates were confirmed. As the control, water containing 0.1%
Tween 80 was sprayed on the leaves before the aphids were placed on them . The
experiments were established according to a randomized plot design.

Data analysis

In all cases, no control mortality was observed and, therefore, no correction was
necessary for the mortality data. All values were subjected to arcsine transformation
before analysis. Data were analyzed by one-way ANOVA by using the general linear
model of SPSS 23.0 Windows (IBM Corp. 2015, New York, USA). Differences
between treatment means were compared at a significance level of P < 0.05 by using
Tukey's multiple comparison test.

Results and Discussion
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Results showed that there were significant differences in the pathogenicity of EPF
isolates against nymphs and adults of M. rosae at the different concentrations used
(P <0.05) (Figure 2) (Table 2 and 3). Of the five isolates tested, two B. bassiana
isolates (BbDm-1 and BbKm-1) were the most pathogenic, and caused mortalities of
100% and 96.7% in nymphs, and 86.7% and 83.3% in adults, respectively, at the
highest concentration (1 x 10° conidia/ml), 7 days after treatment.

/
Figure 2. Infected nymphs (a: BbDm-1, b: BbKm-1, ¢: BbMp-1, d: PIKa-1 and e:
IfGp-1) and adults (a: BbDm-1, b: BbKm-1, ¢: BbMp-1, d: PIKa-1 and e: IfGp-
1) of Macrosiphum rosae following the application of local EPF isolates from
Antalya Province, Turkiye

Table 2. Mean mortality (%) of Macrosiphum rosae nymphs exposed to different
concentrations (1x107, 1x10® and 1x10° conidia/mL) of local EPF isolates from Antalya
Province, Turkiye

Fungal :
specgi]es Isolate  Concentration Percent mortality (+ SE)
name*  (conidia/ml)** 310 day** 5t day 7% day
1x107 80.0+0.0 AbII 83.3+3.3 Aal II 90.0+0.0 AbI
BbDm-1 1x108 86.7+3.3 Aabl 93.3+3.3 Aal 96.7+3.3 Aabl
1x10° 93.34+3.3 Aal 96.7+3.3 Aal 100.0+0.0 Aal
Beauveria 1x107 80.0+5.8 Aal 83.3+3.3 Aal 86.7+8.8Aal
bassiana BbKm-1 1x108 83.3+3.3 Aal 90.0+0.0 Aal 93.3+3.3 Aal
1x10° 90.0+0.0 Aal 93.3+3.3 Aal 96.7+3.3 Aal
1x107 43.34+3.3 Bal 46.7+3.3 Bbl 56.7+3.3 Bal
BbMp-1 1x108 50.0+0.0 Ball 53.3+3.3 Babl II 60.0+0.0 Bal
1x10° 53.3+3.3 Ball 60.0+0.0 Bal 1T 66.7+3.3 Bal
. 1x107 26.7+3.3 Bal 30.0+ 0.0Cbl 36.7+3.3 Bbl
F::‘“rf:r']?lz';“m PIKa-1 1x108 33.3+3.3 Cal 36.7+ 3.3Babl 46.7+3.3 Babl
1x10° 36.7+3.3 Call 43.3+3.3 Bal II 53.3+3.3 Bal
Isaria 1x 10; 33.3+3.3 Ball 40.0+0.0 BCal 11 46.7+3.3 Bal
farinosa 1fGp-1 1x10 36.7+3.3 BCal 43.3+6.7 Bal 50.0+5.8 Bal
1x10° 46.7+3.3 BCal 53.3+6.7 Bal 56.7+3.3 Bal

* The differences between the means with different capital letters in different isolates on the same day are statistically

significant (P < 0.05; Tukey test).

** The differences between the means with different lower case letters on the same day and in the same isolate are

statistically significant (P < 0.05; Tukey test).

*** The differences between the means with different roman numerals on different days in the same isolate are

statistically significant (P < 0.05; Tukey test).
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Table 3. Mean mortality (%) of Macrosiphum rosae adults exposed to different
concentrations of local EPF isolates from Antalya Province, Turkiye
Fungal

species Isolate  Concentration Percent mortality (+ SE)
* idi Fk
name (conidia/mL) 31 day*** 5" day 70 day
1x107 70.0+0.0 AbII 76.7+3.3 Aabl 11 80.0+£0.0 Aal
BbDm-1 1x108 76.7£3.3 Aal 80.0+0.0 Aal 83.3+£3.3 Aal
1x10° 80.0+£0.0 Aal 83.3+£3.3 Aal 86.7£3.3 Aal
Beauveria 1x107 66.7+£3.3 Aal 70.0+£0.0 Aall 73.3+£3.3 Aal
bassiana BbKm-1 1x108 70.0+0.0 AbI 73.3+£3.3 Aabl 11 80.0+0.0 Aal
1x10° 76.743.3 Aal 80.0+0.0 Aal 83.343.3 Aal
1x107 40.0+5.8 Bal 43.3+3.3 Bal 50.04+0.0 Bal
BbMp-1 1x108 43.3+6.8 Bal 46.7+£3.3 Bal 53.343.3 Bal
1x10° 46.743.3 Bal 50.0+0.0 Bal 56.7+£3.3 Bal
Purpulalicum 1x107 23.3+3.3 Bbl 26.7+ 3.3Cal 33.3+6.7 Bal
lilicanium PIKa-1 1x108 30.0+0.0 Babll 33.3+£3.3Cal Il 40.0£0.0 Cal
1x10° 36.743.3 Bal 43.3+6.7 Bal 46.7+3.3 Bal
Isaria 1x107 26.7+3.3 Bbll 30.0+0.0 CblI 43.3+£3.3 Bal
farinosa IfGp-1 1x108 33.343.3 Babll 40.0+£0.0 BCal I 46.7+3.3 BCal
1x10° 40.0+0.0 Ball 46.7£3.3 Bal I 50.04+0.0 Bal

* The differences between the means with different capital letters in different isolates on the same day are statisticall
significant (P < 0.05; Tukey test).

** The differences between the means with different lower case letters on the same day and in the same isolate a1
statistically significant (P < 0.05; Tukey test).

*** The differences between the means with different roman numerals on different days in the same isolate are statisticall
significant (P < 0.05; Tukey test).

The results of the present study showed that some indigenous Turkish EPF
isolates tested have the potential tobe used in the control of M. rosae. Sayed et al.
(2019) reported that a B. bassiana isolate had the potential to be effective in the
control of rose aphids, as did this study. In another study, Eidy et al. (2016)
investigated the effects of B. bassiana and Verticillium lecanii (Zimm.) Viegas
[previously known as Lecanicillium lecanii (Zimm.)] (Sordariomycetes:
Hypocreales) on M. rosae adults under laboratory conditions. Laboratory bioanalysis
studies were performed with five different concentrations (104, 10°, 10° 10 and 108
conidia/mL) of B. bassiana and V. lecanii on adult M. rosae. They conducted the
study in a completely randomized design with six replications. LCso values for V.
lecanii and B. bassiana were 1.38 x 10* and 2.66 x 10° conidia/mL, respectively.
L Tso values ranged from 1.80 to 3.05 days for the V. lecanii concentrations and from
2.30 to 3.16 days for the B. bassiana concentrations, in adult aphids. Their results
showed that V. lecanii and B. bassiana had the potential to be used in the control of
M. rosae, which approximate the results obtained from the current study.

The EPF isolates used in this study have also been tested against rose sawfly,
Arge rosae (L.) (Hymenoptera: Argidae), which causes damage to roses (Baki et al.
2021). In bioassay analyses, a total of 17 isolates belonging to 3 fungal species [B.
bassiana — 14, Clonostachys rosea (Link) Schroers — 2 and I. farinosa — 1] were
tested under laboratory conditions against 4" instar larvae of A. rosae at a conidial
suspension of 1 x 107 conidia/mL, using the spray method. The results of that study
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showed that the efficacy of the tested EPF isolates, similar to the results of this study,
increased significantly up to 9 days after the bioassay. Five isolates of B. bassiana
(BbDm1, BbKp-1, BbMp-1, BbSr-1 and BbMg-2) and one isolate of I. farinosa
(IfGp-1) caused mortalities between 76.7% and 86.7%, at three days post-treatment.

In another study, Khosravi et al. (2014) tested four B. bassiana isolates (IR-K-
40, IRAN403C, SP566 and SPT22) at five different conidial concentrations against
the 4" instar larvae of A. rosae. While the pathogenicity of three tested isolates
(SP566, IR-K-40 and SPT22) was low, they reported that the IRAN403C B. bassiana
isolate could potentially be used effectively in the biological control of the pest, with
the lowest LTso value of 2 x 108 conidia/mL (3.92 days). These two studies showed
that EPF isolates can be used against A. rosae, another pest of roses. The results of
these two studies were similar to those of the current study and showed that B.
bassiana has good potential for the control of important rose pests.

Budak et al. (2022) investigated the potential of four different commercial
vegetable oils (aloe vera (Aloe barbadensis), tea tree (Melaleuca alternifolia),
eucalyptus (Eucalyptus globulus) and garlic (Allium sativum)), using different doses,
for the control of rose aphid. They reported that the toxic effect of each vegetable oil
on rose aphid increased with the dose and time. Alghamdi (2018) determined the
contact effect of the essential oils of four plants (Moringa oleifera L., Eruca sativa
L., Raphanus sativus L., A. sativum L.) against rose aphid at 1%, 2% and at 4%
concentrations, after 12, 24, 48, and 72 hours of exposure. Arugula oil gave the
highest value against the pest with a mortality reaching 97.5% at all concentrations,
followed by garlic oil (%) 80.6%, radish oil (69.2%) and moringa oil (63.3%).
Mortality rates increased with both increasing essential oil concentrations and trial
times.

In conclusion, B. bassiana has been widely investigated for its bio-control
potential against many important insect pests, due to its multitude of variants and
widespread occurrence across the world. Overall results suggest that two B. bassiana
isolates (BbDm-1 and BbKm-1) have the potential to be used in the control of M.
rosae. However, further studies under field conditions are required to validate the
laboratory results.
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1. Makale; Microsoft Word programinda (MS Word 2000 veya lizeri versiyonu),
Times New Roman karakterde, 11 punto, tek satir araliginda ve normal
karakterde yazilmalidir.

2. Eserler, standart A4 kagidina ve sayfa yapisi; iist ve alt bilgiler dahil iistten ve
alttan 4.5 cm, sol ve sag 4.0 cm bosluk birakilarak sayfanin sag kenari hizal
bicimde yazilmali ve sekil ve cizelgeler ile birlikte 16 sayfay1r gegmemelidir.

3. Makalenin ilk sayfasinda iist bilgi olarak sola dayali, 10 punto, normal karakterde;
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ifadeleri yazilmali ve altinda da 14 punto tek satir bosluk birakilmalidir.

4. Tiirkge eserler; “Baslik, Yazar adi-soyadi, Ingilizce baslik ve Abstract, Keywords,
Oz, Anahtar kelimeler, Giris, Materyal ve yontem, Bulgular ve tartisma, Sonug
(istenirse), Tesekkiir (istenirse), Kaynaklar”

5. Ingilizce eserler; “Title, Author's name, Tiirk¢e baslik, Oz, Anahtar kelimelerler,
Abstract, Keywords, Introduction, Materials and methods, Results and
discussion, Conclusion (optional), Acknowledgement (optional), References”
ana bagliklarindan olugmalidir.

6. Derleme eserlerde ise, “Abstract, Oz ve Giris" boliimlerinden sonra uygun boliim
basliklar1 verilebilir.

7. Eserin baglig1 hangi dilde yaziliyorsa bold ve 14 karakterde, sola yasl, tamami
kiiciik harf (sadece Ozel isimlerin bag harfleri biiyiik), tek satir araliginda
yazilmali, baglikta verilen latince isimler italik yapilmalidir.

8. Bagliktan sonra 11 punto bir satir bosluk birakildiktan sonra yazarlarin agik adlari
unvan belirtilmeden kiigiik harflerle (bas harfi biiyiik), soyadlar1 ise biiyiik
harflerle, sola yasli, birden fazla yazar adi arasinda virgiil ve bir bosluk olacak
sekilde 11 karakterde bold olarak yazilmalidir. Eser ve yazar adlarina “Ekle —
Basvuru — Dipnot” takip edilerek numara verilmeli ve ilk sayfanin sonunda
bunlara ait bilgiler, sorumlu yazarin e-mail adresi ile aliig ve kabul edilis
ifadeleri 9 karakterde yazilmalidir.

9. Yazar adlarindan sonra 11 punto bir satir bosluk birakilarak eserin ikinci dildeki
baslig1 11 karakterde, sola yasl ve bold olarak yazilmalidir.

10. Abstract ve Oz basliklar1 12 karakter, bold, paragraf girintisi yapilmadan iki
nokta (:) konduktan sonra ayni satirdan baslayarak, metin kism1 10 karakterde,
tek satir araligi ile yazilmali ve 150 kelimeyi gegmemelidir.

11. “Keywords ve Anahtar kelimelerler (bold)” Abstract ve Oz metinlerinden sonra
6 nk bosluk birakilarak sola yasl ve 10 karakterde yazilmalidir.

12. Eserin; 2, 4, 6, 8 gibi ¢ift nolu sayfalarinda iist bilgi olarak makale basligini
kisaca ifade eden bir climle saga yasli; yine 3, 5, 7, 9 gibi tek nolu sayfalarinda
ise sol tarafta derginin Tiirkge ve Ingilizce acik ad1 ve sag tarafta yazar ad
(Oztiirk & Karacaoglu veya Uygun et al. gibi) ile derginin yil, cilt ve say
numarasi 10 karakterde normal ve sonrasinda 10 punto bir satir bosluk olacak
sekilde yazilmalidir.
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13. Ana boliim bagliklart; sola yasli, bold, ilk harfleri biiyiik ve 13 karakterde
yazilmali, bagliklardan 6nce 11 punto tek satir, sonra 6 nk bosluk birakilmalidir.
Alt baslik varsa 12 karakterde, sola yasli, ilk harfi biiyiik digerleri kii¢iik, bold
olarak yazilmalidir.

14. Eserin tiim metin kismi 11 karakterde, normal, iki yana yasli, tek satir araliginda,
ilk paragrafta girinti yok, ancak ara paragraflarda ise 0.5 cm girinti olmali ve
paragraflar arasinda bosluk birakilmamalidir.

15. Fotograf ve grafikler “Sekil”, sayisal degerleri iceren tablo ve gizelgeler ise
“Cizelge” olarak belirtilmeli ve Sekil 1, Sekil 2 veya Cizelge 1, Cizelge 2 gibi
ardigik olarak numaralandirilmalidir. Sekil bagliklart seklin altinda, dncesinde 6
nk bosluk ve cizelge basliklart ise gizelgenin iistiinde sonrasinda 6 nk bosluk
olmali, normal, 10 karakterde olacak sekilde ve tek satir araliginda yazilmalidir.
Eger varsa, cizelge dipnotlari ¢izelge altinda, normal, sola yash ve 8 karakterde
kisa ve 0z olarak verilmelidir.

16. Tiirkge hazirlanan eserlerde, Ingilizce "Figure" ve "Table" basliklar1 ayrica
verilmelidir.

17. Her iki dilde de yazilan eserde kaynaklara iligkin bildirimler metin icerisinde
"yazar ve y1l" sirasina gore yapilmali, metin i¢indeki agiklama ve yazar sayisina
bagli olarak bildirim "Uygur (2008), Ulusoy & Kazak (2009), Aysan et al.
(2010)," 6rneginde oldugu gibi veya bildirimin sonunda tamami parantez iginde
olacak sekilde verilmelidir Ornegin; (Karut 2008; Ulusoy & Oztiirk 2009;
Elekgioglu et al. 2010).

18. Eser metninde organizmalarin bilimsel adlar1 ilk gegtigi yerde "Author" ad ile
birlikte agik, daha sonra cins adi kisaltilmig olarak yazilmali ve gerek metin ve
gerekse kaynaklar da "italik" olmalidir. Ana ve alt bagliklar ile gizelge ve sekil
basliklarinda ise, Author ad1 verilmeden acik yazilmalidir.

19. Kaynaklar listesi ilk yazarin soyadina gore, numara verilmeden alfabetik olarak,
10 karakterde, tiimii kiiciik harf (6zel isimler hari¢), 0.5 cm asili ve tek satir
araliginda yazilmalidir. Tek veya daha fazla yazarli eserlerin bildiriminde son
yazardan dnce "&" isareti kullanilmalidir. (Orn.: Oztiirk N. 2011., Karut K. & S.
Satar 2009., Uygun N., S. Satar & M. Karacaoglu 2010.). Dergilerin isimleri agik
ve italik, diger kaynaklar normal karakterde agik olarak yazilmalidir. internetten
alinan kaynaklarin ise ayrica web adresleri ile erigim tarihleri de belirtilmelidir
(Orn.: Erisim tarihi: 10 Ocak 2010).

Dergi:

Oztirk N. & M.R. Ulusoy 2003. Mersin ili kaysilarinda saptanan

zararlilar. Alatarim Dergisi, 2 (2): 21-26.

Pruszynski S. & W.W. Cone 1973. Biological observations of Typhlodromus

athiasae Porath and Swirski (Acari: Phytoseiidae) on hops. Annals of the

Entomological Society of America, 66: 47-51.

Kongre veya sempozyum:
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Karut K. & E. Sekeroglu 1999. Chrysoperla carnea (Stephens) yumurtalarimn

laboratuvar kosullarinda depolanma olanaklarinin arastirilmasi. Tiirkiye 4. Biyolojik

Miicadele Kongresi Bildirileri, 26-29 Ocak 1999, Adana, 203-210.

Oztirk N. & M.R. Ulusoy 2009. Pests and natural enemies determined in

pomegranate orchards in Turkey. I. International Symposium on Pomegranate and

Minor Mediterranean Fruits, 16-19 October 2006, Adana-Turkey, 350-355.

Tez:

Senal D. 2006. Avci bocek Chilocarus nigritus (Fabricius) (Coleoptera:

Coccinellidae)'un bazi biyolojik ve ekolojik 6zellikleri ile dogaya adaptasyonu

{izerinde arastirmalar. Doktora tezi, Cukurova Universitesi Fen Bilimleri Enstitiisii,

Balcali-Adana, 127 s.

Kitap:

Uygun N. 1981. Tiirkiye Coccinellidae (Coleoptera) Faunas1 Uzerinde Taksonomik

Arastirmalar. Cukurova Universitesi Ziraat Fakiiltesi Yayinlar1, Yayin No: 157, 111

S.

Kitaptan bir béliim:

Elekgioglu I.H. & U. Gézel 2001. Turunggillerde zararli nematodlar ve entegre

miicadelesi (Editor: N. Uygun, Tiirkiye turunggil bahgelerinde entegre miicadele,

zararlilar-nematodlar-hastaliklar-yabanciotlar). TUBITAK-TARP Tiirkiye Tarimsal

Aragtirma Projesi Yayinlari, Ankara, 61-69.

Internet:

Neden Biyolojik Miicadele? URL: http://www.biyolojikmucadele.org.tr (Erisim

tarihi: 24 Nisan 2008).

Yazan belli olmayan yaynlar:

Anonymous 2008. Tiirkiye'de cilek iiretimi. T.C. Basbakanhik Devlet Istatistik

Enstitiisii, Yaym No: 1577, Ankara.

20. Hazirlanan makale metinlerinin word dosyasi,e-mail: bimude@cu.edu.tr adresi
ile dergiye gonderilmelidir.

21. Eser yayina kabul edildiginde, telif haklar1 formu tiim yazarlar tarafindan
imzalanip dergiye gonderildikten sonra basim asamasima gecilir (Telif haklart
formu, dernek web sayfasinda mevcuttur).

Not 1: Sozlii goriismeler ve yayimlanmamis eserlere (Yiiksek lisans ve Doktora
tezleri harig) ait bildirimler kaynak olarak kullanilmamali ve kaynak listesinde yer
almamalidir.

Not 2: Makaleler arastirma ve yayin etigine uygun olarak hazirlanmalidir.
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Turkish Journal of Biological Control
Instructions for Authors

1. Manuscripts should be prepared in Microsoft Word (MS Word 2000 or later) with
Times New Roman font, size 11 pt, single line spacing and standard letters.

2. Manuscripts should be prepared on standard A4 pages, with 4.5 cm margins above
and below the text and 4.0 cm margins on each side. Manuscripts should not be more
than 16 pages, including figures and tables.

3. On the first page of the manuscript; include “Tiirk. biyo. miic. derg., ISSN 2146-
00357, in 10 pt standard letters as a header and leave a single line spacing in 14 pt.

4. The following sections are required:

For original research papers: Title, Author name(s) and affiliation(s), Abstract (In
English and Turkish), Keywords, Introduction, Materials and methods, Results,
Discussion, Acknowledgements (if needed), and References.

For review papers: Appropriate sub-titles can be used following the abstract and the
introduction.

5. The title should be in the same language as the main text, bold type, 14pt font,
left-justified and with single line spacing. The first letters of proper nouns should be
capitalized (e.g. Ankara, Turkey, Germany). Italic characters should be used for the
scientific name of the organism(s). The author(s) name(s) should be included. The
name of the manuscript and the author’s should be numbered by "References —
Insert Footnote" and the information about them at the end of the first page should
be written in 9 characters with the e-mail address of the responsible author including
date of acceptance.

6. Following the title, leave a single line spacing in 11 pt. Author’s name(s) in
standard letters, except for the capitalized first letter, and without the author’s title
or any academic qualifications; left-justified, bold type and 11 pt. A comma followed
by a space should be used to separate authors’ names.

7. Following the authors’ name(s), leave a single line spacing in 11 pt, and the title
in the other language (Turkish or English) should be provided 11 pt, left-justified
and bold.

8. Abstracts in both languages in 12 pt, bold, without a paragraph space, and after a
full colon (:), in 10 pt, single-spaced. The abstract should be less than 150 words.

9. Six “Key words (bold)” in 10pt, left-justified, following a 6nk space after the
abstract.

10. A right-justified running title and left-justified author’s name/authors’ name(s),
in 10pt, standard letters at the top of the page on odd and even numbered pages,
respectively (e.g. on P. 1, 3, 5, 7... Oztiirk & Karacaoglu or Uygun et al.; and on P.
2,4, 6, 8... Phytoseiidae in Turkey.

11. Titles for main sections should be left-justified, bold, 13 pt and with the first
letter capitalized. Leave a single line spacing and 6 nk spaced lines, both in 11 pt,
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before and after the titles, respectively. If needed, sub-titles should be in 12 pt, left-
justified, bold, and with the first letter capitalized.

12. The main text should be 11pt, standard letters, justified, single-spaced, without a
paragraph space for the first, leave a 0.5 cm space for the second and following
paragraphs.

13. Photos and graphs should be named “Figure”, as Figure 1, Figure 2, etc.; tables
which contain numerical data or any other text, such as comparison, information etc.,
should be named “Table”, as Table 1, Table 2, etc. Figure captions should be given
below the figures. Leave an 6nk space between the figures and their captions. All
captions to be in 10 pt and standard letters.

14. Citations in the text in chronological order e.g. Uygur (2008), Ulusoy & Kazak
(2009), Aysan et al. (2010), or at the end of sentence, e.g. (Karut 2008; Ulusoy &
Oztiirk 2009; Elekcioglu et al. 2010).

15. Use author’s name/authors’ names and year after the scientific name for
organisms at the first mention. If mentioned again, the genus name should be
abbreviated, followed by species name and without the authors name/authors’ names
and year. All scientific names should be given in italic font, both in the text and in
the reference list. In Figure and Table captions and main titles and sub-titles, use
only the full name of the organism(s), without abbreviation, not including author’s
name/authors’ names and publication year.

16. The reference list should have the surnames of the first authors in alphabetical
order, without numbering, 10 pt, normal letters, except for proper nouns, with 0.5
cm hanging indent, and single line spacing. For papers authored by more than one
person, the symbol "&" should be given before the last author’s name (e.g. Oztiirk
N. 2011, Karut K. & S. Satar 2009, Uygun N., S. Satar & M. Karacaoglu 2010). The
full name of the journal should be provided without abbreviation and in italic type.

Include the accession date for the internet source e.g. Web Accessed: January 10,
2010.

Personal communications can be cited in the text as e.g. (C. Kazak pers. comm. June,
2017) but should not be included in the reference list.

For Journal:

Pruszynski S. & W.W. Cone 1973. Biological observations of Typhlodromus
athiasae Porath and Swirski (Acari: Phytoseiidae) on hops. Annals of the
Entomological Society of America, 66: 47-51.

For Meetings and symposiums:

Oztirk N. & M.R. Ulusoy 2009. Pests and natural enemies determined in
pomegranate orchards in Turkey. I. International Symposium on Pomegranate and
Minor Mediterranean Fruits, 16-19 October 2006, Adana-Turkey, 350-355.

For Thesis:
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Senal D. 2006. Avci bocek Chilocarus nigritus (Fabricius) (Coleoptera:
Coccinellidae)'un bazi biyolojik ve ekolojik 6zellikleri ile dogaya adaptasyonu
iizerinde arastirmalar. Doktora tezi, Cukurova Universitesi Fen Bilimleri Enstitiisii,
Balcali-Adana, 127 s.

For Books:

Chant, D.A. & J.A. McMurtry 2007. lllustrated keys and diognoses for the genera
and subgenera of the Phytoseiidae of the world (Acari: Mesostigmata). Indira
Publishing House, West Bloomfield, 219pp.

For Book Chapters:

Elekcioglu I.H. & U. Gézel 2001. Turuncgillerde zararli nematodlar ve entegre
miicadelesi (Editor: N. Uygun, Tiirkiye turunggil bahgelerinde entegre miicadele,
zararhlar-nematodlar-hastaliklar-yabanciotlar). TUBITAK-TARP Tiirkiye Tarimsal
Aragtirma Projesi Yayinlari, Ankara, 61-69.

For Internet Sources:
Why Biological Control? URL.: http://www.biyolojikmucadele.org.tr (Web Access:
April 24, 2008).

For Publications by Unknown Authors:
Anonymous 2008. Strawberry production in Turkey. Turkish Statistical Institution,
Pub. No: 1577, Ankara.

Prepared manuscripts should be submitted via the online manuscript submission
system by clicking on “http://dergipark.gov.tr/tbmd” and following the prompts

All manuscripts will be directed to the related editor, and if the editor is satisfied
with the contents of the paper, the manuscript will be subjected to the blind peer
review process. You will ultimately be informed whether your manuscript is
accepted for publication. If it is accepted, the corresponding author should submit
the journal’s copyright form signed by all the authors; the form can be obtained from
the web site of the Biological Control Society of Turkey by clicking on
“http://www.biyolojikmucadele.org.tr/default.asp”.

Thank you for submitting your manuscript to the Turkish Journal of Biological
Control.






Tiirkiye Biyolojik Miicadele Dergisi Yayin flkeleri

1. Tiurkiye Biyolojik Miicadele Dergisi, Tiirkiye Biyolojik Miicadele Dernegi'nin yayin

organidir.

2. Dergi zararllar, hastaliklar ve yabanci otlarin biyolojik miicadele etmenleri (bocekler,
akarlar, nematodlar, bakteriler, funguslar, viriisler, antogonistler vb.) {izerinde yapilan
faunistik, sistematik, biyolojik, ekolojik, av-avci, konukguparazitoit iligkileri,
antogonistlik, ilaglarin yararlilar iizerindeki yan etkileri vb. temel ve uygulamali orijinal
caligmalar1 yayimlar. Ayrica entegre miicadele icinde biyolojik miicadele ve biyolojik
miicadelenin basarisini artiracak biyoteknik miicadele ¢alismalar1 da derginin ilgi alani
igindedir.

. Dergide, yukarida belirtilen konularda olmak tizere 6zgiin bilimsel ¢alisma, bilimsel not
ve yayin kurulu tarafindan davet edilen derleme ¢alismalar da yayimlanir.

. Derginin yayin dili Tiirk¢e ve Ingilizce’dir.

. Calismanin daha Once herhangi bir yerde yaymlanmamis ve yayimnlanmasi igin
degerlendirme asamasinda olmamasi gerekir.

. Yurtigi - yurtdisi bilimsel toplantilarda s6zli veya poster olarak sunulmus ve sadece 6zeti
basilmis ¢aligmalar da sunum yeri belirtilmek kosuluyla yayimlanabilir.

. Her ¢aligma i¢in, bagvuru sirasinda "Dernek Yo6netim Kurulu”’nun o yil i¢in belirledigi
basim iicreti alinir.

. Elektronik ortamda gonderilen orijinal ¢alismalar yayin kurulu tarafindan belirlenen an az
2 hakem tarafindan incelendikten sonra eserin yayimlanip yayimlanmayacagina karar
verilir.

9. Dergide yayimlanmasi i¢in bagvurusu yapilan eserlerle birlikte “Telif Hakki Formu” da

tiim yazarlar tarafindan imzalanarak gonderilmelidir.

10. Basilan ¢aligmalar i¢in yazarlarina telif iicreti 6denmez.

11. Dergide basilan makalelerde goriilen bilimsel hatalarin sorumlulugu yazarlarina aittir.
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Tiirkiye Biyolojik Miicadele Dergisi

Tiirkiye Biyolojik Miicadele Dergisi, Tiirkiye Biyolojik Miicadele Dernegi tarafindan yilda
iki kez (Temmuz-Aralik) yayimlanir. Dergide zararlilar, hastaliklar ve yabanci otlarin
biyolojik miicadelesi ile ilgili Tirk¢e veya Ingilizce yazilmis orijinal arastirmalar ile kisa
notlar yayimlanir.

Yillik abone bedeli: 100 TL Tek say1 bedeli: 65 TL

CABI ve TUBITAK/ULAKBIM tarafindan taranmaktadir. Indexed in CABI and
TUBITAK/ULAKBIM.

Yazisma adresi:

Tiirkiye Biyolojik Miicadele Dergisi
Cukurova Universitesi Kampiisii PTT Subesi
Posta Kutusu:33

01330 Adana - Turkey

E-mail: bimude@cu.edu.tr
Web: http://www.biyolojikmucadele.org.tr

Bu dergide yayimlanan eserlerin tiim haklar1 Tiirkiye Biyolojik Miicadele Dernegi’ne aittir.
Yayimlanan eserlerin herhangi bir sekilde kismen veya tamamen g¢ogaltilmasi igin izin
alinmasi zorunludur.




