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The Effect of Talaromyces funiculosus ST976 Isolated from Pistacia vera Rhizosphere on
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OZET

Bu c¢alismada, sucul ortamlardan alinip laboratuvar ortamina
getirilerek izole edilen ve teshis yontemleri kullanarak tur
tanimlamas1 yapilmis olan alg tirt Spirogyra aequinoctialis
ekstraktlarin gesitli mikroorganizma tiirleri tizerinde antibakteriyal
ve antifungal etkileri arastirilmigtir. Spirogyra ekstraktlari, 0.5 M
Tris-HCL pH:8.00, N-butanol ve Etanol ile hazirlanmistir.
Antimikrobiyal aktivite testleri, disk difizyon yontemi ile
Staphylococcus aureus ATCC 25923, Bacillus subtilis ATCC 6633,
Listeria monocytogenes ATCC 7644, Escherichia coli O 157:H7,
Pseudomonas aeruginosa ATCC 27853, Salmonella typhimurium
CCM 5445, Candida albicans ATCC 10239 mikroorganizmalari
uzerinde denenmigstir. Antibakteriyal aktivite testleri 1ile, S.
aequinoctialisin tampon ekstraktimin, FEscherichia coli O 157:H7
uzerinde oldukga etkili antibakteriyal 6zellige sahip oldugu tespit
edilmistir. Staphylococcus aureus ATCC 25923 susunun en duyarlh
mikroorganizma, Pseudomonas aeruginosa ATCC 27853 susunun ise
en direncli mikroorganizma oldugu; en etkili ¢oziicintin 0.5 M Tris-
HCL pH:8.00 oldugu kaydedilmigtir. Antifungal aktivite testleri ile
S. aequinoctialisin etanol ekstraktinin, Candida albicans ATCC
10239 tizerinde olduk¢a etkili antifungal 6zellige sahip oldugu
gorilmusgtur.
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ABSTRACT

In this study, the antibacterial and antifungal effects of algae species
Spirogyra aequinoctialis extracts, which were taken from aquatic
environments and brought to the laboratory environment and
isolated by using diagnostic methods, on various microorganism
species were investigated. Spirogyra extracts were prepared with 0.5
M TrissHCL pH:8.00, N-butanol and Ethanol. Antimicrobial
activities of the extracts were tested on Staphylococcus aureus ATCC
25923, Bacillus subtilis ATCC 6633, Listeria monocytogenes ATCC
7644, Escherichia coli O 157:H7, Pseudomonas aeruginosa ATCC
27853, Salmonella typhimurium ATCC, Candida albicans ATCC
10239 by disc diffusion method. As a result, it was determined that
the buffer extract of S. aequinoctialis had highly effective
antibacterial properties on  Escherichia coli O 157:HT7.
Staphylococcus aureus ATCC 25923 strain was identified as the
most susceptible microorganism, while Pseudomonas aeruginosa
ATCC 27853 strain was the most resistant microorganism. It was
also noted that the most effective solvent was 0.5 M Tris-HCL pH:
8.00. Antifungal activity tests showed that the ethanol extract of S.
aequinoctialis had highly effective antifungal properties on Candida
albicans ATCC 10239.
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GIRIS Bu c¢alismada, Spirogyra aequinoctialisin ¢esitli

Algler, yapilar1 itibariyle tek hicreli mikroskobik
formlardan, birka¢ metre uzunluga kadar degisik
morfolojilerde bulunabilen, genellikle sucul
habitatlarda ¢ok genis bir yayilim gosteren ototrof,
fotosentetik 6karyotik organizmalardir (Pereira ve
Magalhaes, 2014).

Dogada yasayan tim organizmalarin kendine ait bir
savunma sistemi vardir. Bazi bakteriler, mantarlar
ve bitkiler bu savunma sisteminde gérev alan ¢esitli
bilesikler iiretirler (Rauha ve ark., 2000). Alglerde de
bulunan bu bilesikler sayesinde, bu canlilar kendi
koruma  sistemlerini  gliglendirmektedirler. Bu
maddeler, insanlarin yararma olabilecek sekilde
degerlendirilmektedir (Yoldas ve ark., 2003). Son
yillarda gerceklestirilen ¢alismalarda, alglerden elde
edilen molekillerin antibiyotik, antiviral, antikanser,
antifungal, antibakteriyal, antiinflamatuar gibi pek
cok etkilerinin oldugu tespit edilmistir (Nabavi ve
ark., 2013; Srivastava ve ark., 2017). Ayrica bu
calismalar arasinda  hipokolestrolemik, enzim
inhibisyonu ve diger bazi farmakolojik etkilerin de
oldugu da goérilmistir Dvir ve ark., 2009).
Alglerdeki bu dogal driinler, ila¢ sanayinde
hammadde olarak kullanilmaya baslanmis ve aym
zamanda sentetik molekiillerin tretiminde de yapisal
bir molekiil olarak tercih edilmistir (Quinn ve ark.,
1993).

Algler, sahip olduklar1 karakteristik 6zelliklere gore
ozellikle kahverengi, kirmizi ve yesil alglerin
olusturdugu makroalgler ile mikroalgler olarak hem
birer dogal Uriin hem de sentetik molekiillerin
yapiminda yapisal birer ajan olarak da rol
almaktadirlar (Guiry ve Nic, 2001).

Algler genis ve verimli antibakteriyel aktiviteye sahip
antibiyotiklerin =~ 6nemli  bir  kaynagidir. Bu
mikroorganizmalarin antimikrobiyal aktivitesi, yag
asitleri, akrilik asitler, halojenlenmig alifatik
bilesikler, terpenoidler, steroller, sulfur icerikli
heterosiklik bilesikler, karbonhidratlar, asetogeninler
ve fenoller gibi bilesiklerin sentezlenme yetenegine
baglidir. Mikroalg ekstraktlarin antimikrobiyal
aktivitesi lipid bilesimi ile ilgilidir. Escherichia coll,
Pseudomonas aeruginosa, Staphylococcus aureus ve
Staphylococcus epidermidis gibi insan patojenlerine
kars1 alglerin antimikrobiyal aktivitesi, y-linolenik
asit, eikosapentaenoik asit, heksadekatrienoik asit,
dokosaheksaenoik asit, palmitoleik asit, lorik asit,
oleik asit, laktik asit ve arasidonik asit igerikleri ile
baglantilidir (Demorais ve ark., 2015).
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gozuciler ile hazirlanmig olan ekstraktlarinin
antibakteriyal ve antifungal etkilerinin arastirilmasi
amaglanmigtir.

MATERYAL ve METOD

Alglerin Izolasyonu ve Kiiltiirii

Yesilirmak Nehri (Tokat) bentik ve pelajik
habitatlarindan su  6rnegi  alindiktan  sonra

laboratuvarda mekanik izolasyon ve mikro-enjeksiyon
yontemleri ile mevcut tirler izole ve teshis edildi.
Calismada kullanilmak luzere Spirogyra
aequinoctialis tiru belirlendi ve daha sonra, Allen,
BG11 medium ile Sanyo MLR 351 marka iklim
kabininde 26 ° C'de (155 pmol / m?2 /saat, L: D
periyotta) sivi kiiltirii yapilds (Andersen, 2004).
Aksenik kiiltiir agsamasinda alg tiirii, 6nce Eppendorf
ve Falkon tuplerinde, daha sonra erlenmayerlerde
¢ogaltilarak hasat edildi. Hasat isleminden sonra,
antibakteriyal ve antifungal testlerde kullanilmak
uzere kiultur koleksiyonunda -86 ° C dondurucuda
sakland1 (Ripka ve ark., 1979; Lobban ve ark.,1988).

Antibakteriyal ve Antifungal Aktivite testleri icin
ekstrakt hazirlama

Alg turt -86 ° C dondurucudan c¢ikarilip sivi azotla
porselen havan yardimiyla ezildi. Daha sonra tuzerine
solventler (0,5 M Tris-HCL pH:8,00, N-butanol,
Etanol) illave edilerek ekstraktlar olusturuldu
(Moniharapon ve Hashinaga, 2004; Sharma ve ark.,
2004) ve aktivite testleri icin hazirlandi.

Mikroorganizma Tiirleri

Elde edilen ekstraktlarin antimikrobiyal
aktivitelerini arastirmak amaciyla 7 farkli test
mikroorganizmasi secildi. Bunlar; Staphylococcus

aureus ATCC 25923, Bacillus subtilis ATCC 6633,
Listeria monocytogenes ATCC 7644, Escherichia coli
O 157:H7, Pseudomonas aeruginosa ATCC 27853,
Salmonella typhimurium CCM 5445 ve Candida

albicans ATCC 10239’dar. Hazirlanan
mikroorganizma slispansiyonu, daha once
hazirlanmigs olan 0.5 McFarland standard: ile
karsilastirilarak slispansiyonun bulaniklig:
homojenize  edildi  (Senol ve ark., 2007).

Mikroorganizma kiiltlirlerinden koloniler elde etmek
amaciyla agar ortamina ekilmig, 37 °C'de 24 saat
inkiibasyondan sonra 4-5 adet iy1 tireyen koloniden,
oze yardimiyla %0,9'luk serum fizyolojik ¢ozeltisine
alindi. Hazirlanan mikroorganizma slispansiyonu,
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daha once hazirlanmis olan 0,5 McFarland standard:
ile karsilagtirilarak  stspansiyonun  bulamklig:
ayarlandi.

Bakteriyal mikroorganizmalar, Nutrient Agar (NA)
besiyerinde 37 °Cde 1 gece inkube edilen bakteri
suglarindan tek koloni alinarak 5 ml Nutrient Broth’a
asilandi ve 37 °C’de 18 saat inkiibe edilen kulturler

antibakteriyel etkinin tespit edilmesi amaciyla
kullanildi. Bakteri suglarinin saflagtirilip
cogaltilmasinda ve antibakteriyel etkinin

belirlenmesinde Nutrient Agar (NA) kullanildi.

Antifungal Aktivite testinde kullanilan

mikroorganizma

Antifungal aktivite testi i¢in Candida albicans ATCC
10239 susu kullanildi.

Candida albicans, gesitli viriilans faktorlerine sahip
olup, bunlar1 konak savunma sistemleri tarafindan
yok edilmelerini onlemek i¢in kullanmaktadir.
Virulans faktorleri yardimiyla mikrobiyal flora ile
rekabet ederek  konagin  farkli  bolgelerinde
enfeksiyonlara neden olmaktadir (Cerikgioglu 2012).

Fungal mikroorganizmanin saflagtirilip
¢ogaltilmasinda ve antifungal etkinin belirlenmesinde
Malt Extract Agar kullanilda.

antibakteriyal

Disk difiizyon yoéntemi ile

antifungal aktivite testleri

ve

Disk diftizyon yonteminde, antimikrobiyal madde
iceren kagit diskler, test mikroorganizmasindan
hazirlanan stispansiyonun yayildigr agar plaklarin
yuzeyine belirli mesafelerde yerlestirildi. Coziintr
ekstraklar kultir ortami igine niifuz edip ve her
mikroorganizma i¢in uygun inkibasyon siiresinden
sonra, mikrobik buylime disklerin etrafindaki
inhibisyon zonu ile 6lgiildi ve kaydedildi. Diskteki
antimikrobiyal madde mikroorganizmaya etkili
oldugu duzeylerde turemeyi inhibe etmektedir. Sonug
olarak, disk g¢evresinde mikroorganizma iiremesinin
inhibe edildigi dairesel bir inhibisyon alani (zonu)

Antibakteriyal Aktivite

olustu. inhibisyon alaninin ¢api, mikroorganizmanin
duyarlilig: ile direkt olarak iligkilidir. Bu alanin ¢api
olctulerek duyarlilik sinir1 degerleriyle karsilagtirilda.
Inhibisyon alanmn biyikligine gore duyarly, orta

duyarli veya direngli olacak sekilde duyarhlik
kategorileri belirlendi (Pérez, 2016).
Mikroorganizma slspansiyonuna steril ekuvyon

¢ubugu daldirildiktan sonra, besiyerinin her yerine
yayildi (Silici ve Kog¢, 2006). Alg ekstraktinin
emdirildigi diskler, besiyeri ylizeyine yerlestirildi.
Bakteriler 37 °C’da 24 saat stire ile, Candida albicans
30°C’da 48 saat inkiibe edildi. Inkiibasyon sonucunda
olusan inhibisyon zonlari 6l¢iliip, zon ¢aplari mm
(milimetre) olarak kaydedildi.

Kontrol grubu

Pozitif kontrol grubu olarak, standart antibiyotik
diskler ve negatif kontrol grubu olarak da ¢ozgen (0.5
M Tris-HCL pH:8.00, n-Butanol, Etanol) emdirilmis
diskler kullanildi. Inkiibasyon sonucunda olusan
inhibisyon zon caplari mm (milimetre) 6lciilerek
karsilastirmalar bu zon ¢ap degerlerine gore yapildi.

BULGULAR ve TARTISMA
Antibakteriyal Aktivite

Antibakteriyal aktivite testleri ile, S. aequinoctialisin
tampon ekstraktinin, FEscherichia coli O 157:H7
uzerinde oldukcga etkili antibakteriyal 6zellige sahip
oldugu tesbit edilmistir. Staphylococcus aureus ATCC
25923 susunun en duyarlhi mikroorganizma,
Pseudomonas aeruginosa ATCC 27853 susunun ise en
direncgli mikroorganizma oldugu; en etkili ¢éziiciniin
0.5 M TrissHCL pH:8.00 oldugu tespit edilmistir
(Sekil 1).

Test mikroorganizmalarinin timi S.
aequinoctialisdan elde edilen ekstraktlardan degisen
oranlarda etkilenmigtir. Bu alg turinin test
mikroorganizmalarina kars: etkili oldugu inhibisyon
zon caplar1 mm (milimetre) degerlendirilerek tespit
edildi.

20
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Mikroorganizmalar
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Sekil 1. S. aequinoctialise ait ekstraktlarin test bakterileri tizerinde olusturdugu inhibisyon zon ¢ap degerleri
Figure 1. Inhibition zone diameter values formed by extracts of S. aequinoctialis on test bacteria
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Antifungal Aktivite oldugu ancak n-Butanol ekstraktinin ise Candida
Antifungal aktivite testleri ile S aequinoctialisin ~ albicans ATCC 10239 dGzerinde antifungal etkiye
etanol ekstraktinin, Candida albicans ATCC 10239  sahip olmadig1 tespit edilmistir (Sekil 2).

tizerinde oldukc¢a etkili antifungal o6zellige sahip

Antifungal Aktivite

20
10
Candida albicans

B Tampon M n-Butanol Etanol

Sekil 2. S. aequinoctialise ait ekstraktlarin test fungusu tizerinde olugturdugu inhibisyon zon ¢ap degerleri
Figure 2. Inhibition zone diameter values formed by the extracts of S. aequinoctialis on the test fungus

Pozitif kontrol pH:8.00, N-butanol, Etanol) icerisinde en yiiksek
Pozitif  kontrol  caligmalari  sonucunda  her aktiviteyi tampon ¢ozeltisi ile hazirlanan ekstraktlar;
mikroorganizmanin etkilendigi ya da duyarh oldugu en disiik aktiviteyi ise N-butanol ile hazirlanan
antibiyotik disklere karsi bir inhibisyon zonu ekstraktlar gosterdi. Kullanilan test
olusturdugu gériildii (Sekil 3). mikroorganizmalar: igerisinde Staphylococcus aureus

ATCC 25923, Escherichia coli O 157:H7 ve Candida
Negatif kontrol albicans ATCC 10239 duyarh, Listeria monocytogenes

ATCC 7644, Bacillus subtilis ATCC 6633,
Pseudomonas aeruginosa ATCC 27853, Salmonella

typhimurium CCM 5445 ise orta derecede duyarh
Calismanin  antimikrobiyal aktivite  sonuglar bulundu.

irdelendiginde; kullanmilan ¢éziiciiler (0.5 M Tris-HCL

Negatif kontrol c¢alismalarinda herhangi  bir
inhibisyon zonu olugsmadigi gozlendi.

Pozitif Kontrol
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Sekil 3. Antibakteriyal ve Antifungal Pozitif kontrol test sonuclari
Figure 3. Antibacterial and Antifungal Positive control test results

Dayuti (2018) yapmis oldugu calismada, bir kirmiz oldugunu bildirmigtir. Spirogyra ile yapilan ¢alisma

alg tiri olan Gracilaria verrucosanin cesitli ve Dayutinin g¢alismasinda, etkileyici organizmalar
¢ozuciler kullanilarak elde edilen ekstraktlarinin farkli olsa da etkilenilen mikroorganizma tirleri
antibakteriyel etkisini arastirmigtir. Bu g¢alismanin arasinda  bir  benzerlik  gériilmektedir. ~ Bu
sonucunda, tim ekstraktlar arasindaki en ytksek organizmalarm,  algal  biyoaktif  bilesiklerden
inhibisyon aktivitesinin metanol ekstraktinda ve etkilendigi gézlenmektedir.

FEscherichia coli ve Salmonella typhimurium'a karsi Mansuya ve ark. (2010), yesil alglerden; Cladophora
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glomerata, Ulva lactuca, Ulva reticulata, kirmizi
alglerden; Gracilaria corticata, Kappaphycus alvarezii
ve kahverengi alglerden; Sargassum  wightii
ekstraktlarimin  disk  diftizyon  yontemi ile
antibakteriyel aktivitesini arastirmiglar ve
maksimum aktiviteyi (45 mm) Ulva reticulata su
ekstraktinin 200 mgh Salmonella typhiye Kkarsi,
minimum aktiviteyi (9 mm) ise Ulva lactuca su
ekstraktinin 50 mg1 Streptococcus pyogenese karsi

kayit etmiglerdir. Metanol ekstraktlarinin su
ekstraktlarindan daha  yliksek antimikrobiyal
aktiviteye sahip oldugunu rapor etmiglerdir.

Maksimum aktivite (40 mm) ZEscherichia coli ve
Streptococcus pyogenese karsiy Ulva reticulatanin
metanol ekstraktinin 200 mg'inda belirlenmistir.
Alglerin tamaminin ham metanol ekstraktlar1 tim
test patojenlerine karsi inhibe edici etki gostermis ve
Ulva reticulata ekstraktinin en etkili tir oldugu
saptanmigtir. Bununla birlikte, Ulva reticulatanin su

ekstraktimin  KEscherichia coli ve Pseudomonas
aeruginosa’ya kargi inhibe edici etkisinin olmadigi
bildirilmigtir. Bu c¢alismada da Pseudomonas
aeruginosa ATCC 27853 susunun en direncli
mikroorganizma oldugu bulgusu benzerlik
gostermektedir.

Saleh ve Al-Mariri (2017)nin yaptiklar1 calismada,
Halimeda sp.’nin antimikrobiyal aktivitesi
incelenmigtir. Calismada kullanilan algin metanol
ekstraktinin, Gram pozitif bakteriler (B. subtilis, S.
aureus ve B. cereus), Gram negatif bakteriler (P
aeruginosa, E. coh), maya (C. albicans) ve kiiflere (A.
niger) kars1 antimikrobiyal aktivitesi incelenmistir.
Halimeda sp.’nmin B. subtilis, S. aureus ve B. cereusun
biylmesini inhibe ettigini gézlenmigtir. Sonuglarin
bu calismadaki aktivite ile bir benzerlik gosterdigi
kaydedilmigtir.

Ulva reticulatanin biyolojik aktivite ¢alismasinda,
¢ozgen olarak n-butanol kullanilmis ve Salmonella
typhi, Staphylococcus aureus, FEscherichia coll,
Pseudomonas aeruginosa, Vibrio cholerae, Vibrio
parahaemolyticus, Bacillus cereus ve Listeria
monocytogenes bakterilerine karsi antibakteriyel
aktivitesi incelenmistir. Ulva reticulata n-butanolik
ekstraktinin, test edilen bakteri suslarina karsi
onemli bir antibakteriyel aktivite gosterdigi ifade
edilmistir. Test edilen tiim konsantrasyonlarda (25-
100 mg/ml) maksimum antibakteriyel aktivite
Escherichia coli (12 mm) ve Bacillus cereus (13 mm)'a
kars1 ortaya cikmistir (Ravikumar ve ark., 2016). Bu
calismada da diger bakteri suslarina nazaran,
FEscherichia coli O 157T:H7nin en duyarh
bakterilerden oldugu tespit edilmistir.

Patra ve Baek (2016) tarafindan yapilan calismada,
yenilebilir bir deniz yosunu olan Ulva linza (yeni adi
Enteromorpha linza)’dan elde edilen ucucu yagin gida
kaynakli patojenlere karsi antibakteriyel etkinligi
degerlendirilmigtir. Calisma sonucunda 25
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mg/disk'teki U. linza yaginin, Bacillus cereus (12.3—
12.7 mm inhibisyon bélgesi) ve Staphylococcus
aureusa (12.7-13.3 mm inhibisyon bélgesi) kars
olduke¢a aktif oldugu gorilmustur. U. linza yaginin
minimum inhibitér ve minimum bakterisidal
konsantrasyon degerlerinin 12.5-25 mg mL-1
arasinda degistigi tespit edilmistir. Bu ¢aligmada ise
Spirogyra aequinoctialisin etki oranlari,
Staphylococcus aureusa (8.0-14.0 mm inhibisyon
bélgesi) ve Bacillus subtilise (14.00 mm inhibisyon
bolgesi)kars: oldukca aktif oldugu goriilmiistiir.

Kaushik ve ark. (2008) nin bir Cyanobacteria olan
Nostoc commune ile yaptiklar1 c¢alismada test
bakterileri olarak pek cok Gram (+) ve Gram ()
bakteri kullanilmig ve en fazla inhibisyon zonu Gram
pozitif bir bakteri olan Staphylococcus aureus’a karsi
gozlemlenmistir. Bu calismada ise en duyarh
mikroorganizma Staphylococcus aureus olarak tespit
edilmistir. Sonuclar Kaushik ve ark. (2008) nin
bulgulari ile benzerlik géstermektedir.

Okunowo ve ark. (2017)nin Spirogyra setiformis ve
Navicula alglerini kullanarak yaptig1 c¢alismada,
mikroorganizma  olarak  Enterococcus  faecalis,
Staphylococcus aureus ATCC 25923, Bacillus cereus,
Klebsiella pneumoniae, Salmonella typhi, Escherichia
coli ATCC 25922 ve Candida albicans ve ¢6zlcl
olarak metanol kullanmilmistir. S. setiformisin
metanol ekstraktinin, S. {yphi ve C. albicans disinda
diger tim test mikroorganizmalar1 uzerinde iyi
inhibitor  aktivite  gosterdigi;  Nawvicula  spp.
ekstraktinin, tim mikroorganizmalar: inhibe ettigini
ifade edilmistir. Bu c¢alismada ise, en etkili
¢oziicinin 0.5 M Tris-HCL pH:8.00 oldugu ve
kullanilmis  olan  mikroorganizmalar1  degisen
oranlarda inhibe ettigi gorilmustir. Bu acidan
bulgular paralellik gostermigtir.

SONUC ve ONERILER

Bakteri ve mantar enfeksiyonlari toplumda sik
goriilen hastaliklardan olup, tedavileri uzun ve bazi
durumlarda da ylksek maliyet gerektirmektedir. Bu
gibi  enfeksiyonlar, hastalarin gunlik yasam
kalitesini disirmekte ve ciddi oranda mortalite ve
morbiditeye neden olabilmektedir. Bu enfeksiyonlarin
tedavisi  igin  kullanilan  antibakteriyal  ve
antifungaller sinirlh kalmakta ve yeni bilegiklerin

tanimlanmasina ihtiyag duyulmaktadir. Bu
calismada kullanilan S. aequinoctialisin
antibakteriyal ve antifungal ozellikleri agisindan

yararli bir organizma oldugu gorilmis ve bu
etkilerden sorumlu metabolitlerin izolasyonu igin
aksenik ve kitlesel {retimlerinin gerektigi; bu
agsamalardan  sonra, farmasotik  bir  Urune
dontustirilebilecegi diisiiniilmektedir.

Aragtirmacilarin Katki Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
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olduklarini beyan eder.

Cikar Catismas1 Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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ABSTRACT

In this study, it was aimed to optimize the biosynthesis of silver
nanoparticles with a Box-Behnken design. The white propolis extract
was utilized as the reduction and stabilizing agent. The synthesized
silver nanoparticles using white propolis extract solution were
optimized by Box-Behnken design considering the effect of certain
independent variables such as microwave power, time, and
concentration of AgNOs (silver nitrate). A quadratic polynomial
model was used in mathematical modeling and response surface
analysis was performed to determine the independent variable-
response relationship. The optimum synthesis conditions were
determined as 10 mM of AgNOs concentration, 0.3 of VExt/VAg, 150
watts of microwave power, and 35 seconds. The optimized silver
nanoparticles were characterized using FTIR (Fourier Infrared)
spectroscopy, UV-VIS (Ultraviolent visible) spectrophotometry, and
DLS (Dynamic Light Scattering). In addition, the antibacterial
activity of the optimized silver nanoparticles was tested against
Staphylococcus aureus (S. aureus), Klebsiella pneumonia (K.
pneumoniae), Pseudomonas aeruginosa (P. aeruginosa), and
Enterococcus faecalis (E. faecalis) strains. It was observed that
synthesized silver nanoparticles had higher antibacterial activity
compared to propolis extract.

Giumiig Nanopartikiillerin Beyaz Propolis Ekstresi Kullanilarak Biyosentezi ve Box-Behnken Yéntemi

ile Optimizasyonu

OZET

Bu calismada giimiis nanopartikillerin biyosentezinin Box-Behnken
yontemi ile optimize edilmesi amac¢landi. Beyaz propolis 6zuti, bir
indirgeme ve stabilize edici ajan olarak kullanildi. Beyaz propolis
Ozlt c¢ozeltisi kullanilarak sentezlenen glmis nanopartikiiller,
mikrodalganin giicii, zaman, AgNOs (giimiis nitrat) konsantrasyonu
ve beyaz propolis 6ziut ¢ozeltisinin hacminin AgNO3 hacmine orani
gibi farkl faktorlerin etkisi dikkate alinarak Box-Behnken yontemi
ile optimize edildi. Matematiksel modellemede ikinci dereceden
polinom modeli kullanildi ve bagimsiz degisken-yanit iligkisini
belirlemek i¢in yanit yiizey analizi yapildi. Optimum kosullar 10 mM
AgNOs konsantrasyonu, oran: 0.3, 150-watt mikrodalga giicii ve 35
saniye olarak belirlendi. Optimize edilmig giimiis nanopartikiller,
FTIR (Kizilstesi) spektroskopisi, UV-VIS (Ultraviyole gériiniir bolge)
spektrofotometri ve DLS (Dinamik 1s1ik sacilimi) kullanilarak
karakterize edildi. Ek olarak, optimize edilmis glimus
nanopartikiillerin antibakteriyel aktivitesi Staphylococcus aureus (S.
aureus), Klebsiella pneumoniae (K. pneumoniae), Pseudomonas
aeruginosa (P. aeruginosa) ve Enterococcus faecalis (E. faecalis)
suslarina karsi test edildi. Gumus nanopartikillerin bakteriler
uzerinde propolis ekstraktina goére daha etkili oldugu gézlenda.
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INTRODUCTION white propolis is Turkish propolis and has been used

The nanoparticle-based investigation has been for years as a medicine in folk medicine (Katircio and

sustained widely because of its potential applications,
especially in the interdisciplinary sciences and
nanotechnology field (Antoine et al., 2016). Metallic
nanoparticles have attracted great interest in
nanomedicine due to their unique properties such as
surface area, particle size, and effective biological
activities. Metallic nanoparticles can be synthesized
using physical, chemical, and biological methods. All
these methods have advantages and disadvantages.
For example, chemical methods are expensive
because they require special chemical agents, and
most of them are very toxic. (Mohanpuria, Rana, and
Yadav, 2008). The physical methods often require
high temperature or pressure. On the other hand,
natural resources used in biological methods have low
toxicity and the reaction can occur at room
temperature. The biological methods can be applied in
microbiology because natural resources are safe, eco-
friendly, and cheap (Padalia, Moteriya, and Chanda,
2015). In this context, numerous plant extracts have
been utilized as a biological reduction agent in the
synthesis of silver nanoparticles (Cho et al., 2005;
Khadri et al., 2013; Joy Prabu and Johnson, 2015;
Garibo et al., 2020). As an antimicrobial and anti-
cancer agent, silver nanoparticles are utilized in
several applications such as in cosmetics, water
purification, medical diagnostic (Kaplan et al., 2021),
and textile (Li, Mathew, and Mao, 2012). Silver
nanoparticles are important biomaterials thanks to
their antimicrobial activity and can also help
overcome antimicrobial resistance (Khatoon et al.,
2018).

Propolis, which is produced and used by bees to build
honeybee comb, is wused by humans as a
supplementary food (Burdock, 1998; Banskota,
Tezuka, and Kadota, 2001). Silver nanoparticles
synthesized using Brazilian propolis have been
reported to exhibit effective antimicrobial activity
(Barbosa et al., 2019). On the other hand, synthesized
silver nanoparticles using Brazilian green propolis
have been executed to show antifungal activity and
lower cytotoxic effects (Kischkel et al., 2020). Propolis
extract produced in Romania has been used to reduce
Ag+ and synthesized silver nanoparticles have been
shown to exhibit an antibacterial effect on S. aureus
and P. aeruginosa (Corciova et al.,, 2019). Silver
nanoparticles synthesized using propolis produced by
Apis mellifera honey have been revealed to inhibit
some bacterial strains (Ghramh et al., 2019). The

934

Mercan, 2006). White propolis has various biological
properties such as antimicrobial and antioxidant
activity (Ozdal et al., 2019).

This study aims to optimize the biosynthesis of silver
nanoparticles by wusing white propolis extract
solution. In the literature, some researchers have
reported the use of the Box-Behnken design (BBD) to
optimize the synthesis of silver nanoparticles (Géksen
Tosun and Kaplan, 2021; Yadav, Gupta and Sharma,
2021). The BBD has been widely used in many
scientific fields such as formulation development and
analytical chemistry (Kumar Nayak, Saquib Hasnain
and Malakar, 2013; Nayak, Kalia and Hasnain, 2013;
Malakar, Das and Nayak, 2014; Hasnain et al., 2016).
In this study, the synthesis of silver nanoparticles
was optimized using BBD and the produced silver
nanoparticles were characterized. In addition,
antimicrobial activities of nanoparticles produced
under optimized conditions were tested on gram-
negative and gram-positive bacteria. The obtained
results are comprehensively presented to support the
hypothesis of the study based on the green synthesis

of nanoparticles wusing white propolis extract
solutions.

MATERIAL and METHOD

Materials

The white propolis was purchased from MADEVA
(Ankara, Turkey). Silver nitrate (AgNOs) (Carlo
Erbaa), sodium hydroxide (NaOH), the filter discs,
and nutrient agar were obtained from Sigma Aldrich
Chemicals (Istanbul, Turkey). Deionized water was
used in all stages, from the nanoparticle’s synthesis to
its purification. The sterilized water was used for
antimicrobial studies.

Preparation of White Propolis Extract

The white propolis (15 mL) was dissolved in 15 mL of
distilled water. After that, the obtained extract was
stored at 4 °C for further studies.

Synthesis of Silver Nanoparticles Using White
Propolis Extract

For the synthesis of silver nanoparticles, a certain
volume of AgNOs (5-10 mM) solution was added to a
certain volume of extract so that the VExt/VAg was
within a certain range (0.1 - 0.5) and the solution was
stirred using a magnetic stirrer. Finally, the solution
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was diluted with 0.1 M NaOH solution to adjust the
pH to 10.6 (Kischkel et al., 2020). The solution was
heated by microwave (10 s-60 s) and in a certain
power range of 150 - 800 watts. The reduction process
of silver ions was observed by the color change from
yellowish to brownish or deep brown depending on
the reaction conditions. The synthesized silver
nanoparticles were centrifuged at 15000 rpm for 15
minutes and washed twice with deionized water,
dried, and stored at 4 °C in the dark.

Optimization of Silver Nanoparticles

The optimization of silver nanoparticles was realized
via BBD by using Design Expert® ver. 12.0 software.
Four effective factors including the power of
microwave (power), time, AgNOs concentration, and
the ratio of the volume of white propolis extract
solution to a volume of AgNOs (VExt/VAg) were
selected as independent factors for optimization at
three different levels which were changed dependent

of the factors. A total of 29 experiments calculated by
the design were recommended as shown in Table 1.

The formation of silver nanoparticles was confirmed
by the observed peak between 350-450 nm (Kischkel
et al., 2020). The absorbance data of the synthesized
silver nanoparticles were measured by a UV-vis
spectrophotometer. The % yield was determined as
the maximum measured absorbance value of 100 and
the other data were calculated accordingly, and the
particle formation was defined as the % yield at a
range of 350-450 nm, and these values were placed in
BBD as responses. After placing the data in the BBD,
mathematical modeling was created to evaluate the
results. The quadratic model was determined by
ANOVA along with other parameters such as
correlation coefficient (r2), adjusted r2, predicted r2,
and predicted residual squares. Ideal circumstances
for the synthesis of silver nanoparticles have been
optimized by numerical desirability function and
graphical optimization technique.

Table 1. The BBD of matrix illustrating trial runs carried out for optimization of synthesized silver nanoparticles using white

propolis extract solution.

Cizelge 1. Beyaz propolis 6zii ¢ozeltisi kullanilarak sentezlenmis giimiis nanopartikiillerin optimizasyonu igin gergeklestirilen
deneme ¢alismalarini gosteren matrisin Box-Behnken Tasarimi.

Run Concentration of AgNOs (mM) The volume of AgNOs/ Volume of Power(Watt)  Time (sec.) %Yield
extract

1 5 0.3 475 10 28.2114
2 7.5 0.1 475 10 62.6016
3 7.5 0.5 800 35 64.065
4 5 0.3 150 35 30.813
5 7.5 0.1 800 35 51.3821
6 5 0.1 475 35 48.6179
7 10 0.5 475 35 65.6098
8 7.5 0.3 475 35 89.9187
9 7.5 0.1 475 60 54.4715
10 10 0.1 475 35 63.8211
11 7.5 0.3 475 35 89.9187
12 7.5 0.3 150 10 61.1382
13 10 0.3 475 60 68.6179
14 7.5 0.3 800 60 51.7073
15 10 0.3 150 35 100
16 7.5 0.1 150 35 86.9919
17 7.5 0.3 475 35 89.9187
18 7.5 0.5 475 60 55.8537
19 7.5 0.5 475 10 43.4146
20 7.5 0.3 475 35 89.9187
21 7.5 0.3 475 35 89.9187
22 10 0.3 800 35 46.9919
23 5 0.3 475 60 44.5528
24 10 0.3 475 10 66.0976
25 5 0.3 800 35 56.9919
26 7.5 0.5 150 35 55.2846
27 5 0.5 475 35 20.813
28 7.5 0.3 150 60 78.4553
29 7.5 0.3 800 10 56.4228

Characterization of Optimized Silver Nanoparticles
Using White Propolis Extract

The formation of silver nanoparticles was determined
by scanning the 200-500 nm range using a Nanodrop
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DeNoVIX spectrophotometer (Wilmington, USA). The
synthesized silver nanoparticles were also chemically
characterized by using an FTIR spectroscope (Jasco
FT/IR 4700, Germany). Zeta potential and size
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distribution of optimized silver nanoparticles were
measured by dynamic light scattering method using
HORIBA SZ-100 Nanoparticle Analyzer.

Antibacterial Activity of White Propolis Extract And
Silver Nanoparticles

To determine the antibacterial activity of the
optimized silver nanoparticles, white propolis extract
and optimized silver nanoparticles were tested
against S. aureus (ATCC 25923), K. pneumoniae
(ATCC 1538and 0), P. aeruginosa (ATCC 27853), and
E. faecalis (ATCC 29212) strains using disc diffusion
method. Firstly, bacterial strains were seeded in
nutrient broth and incubated overnight at 210 rpm,
37 °C. At the end of the incubation time, the cultured
bacterial suspension was adjusted to 1x108 CFU / mL
and seeded on the medium-loaded petri dish. After
those sterile blank discs, which are used generally for
the disc diffusion method, were placed on the petri
dish. One of the discs was loaded with 20 pL of white
propolis extract and the other was loaded with 20 pL
of the silver nanoparticles solution then the petri dish
was incubated overnight at 37 °C. Subsequently, zone
diameters of inhibition were measured. Three
replicates were made for each substance.

Minimum Inhibitory Concentration (MIC) of White
Propolis Extract And Silver Nanoparticles

MIC assay of silver nanoparticles and white propolis
extract were analyzed as indicated in our previous
study (Kaplan and Goksen Tosun, 2021). Briefly, the
nutrient broth was added to each well of the 96-well
plate for serial dilution of white propolis and silver
nanoparticles. The bacterial suspensions were
adjusted to 1x10% CFU / mL and seeded in each well
after that the plates were incubated overnight at 37
°C. The plates were measured at 600 nm by using
Plate Reader. Three replicates were made for each
substance.

Statistical Analysis
Statistical analysis and comparable data sets were

evaluated using GraphPad Prism 8.1 software with a
two-way ANOVA test. Probability values of p <0.05
were considered statistically significant.

RESULTS and DISCUSSION

Synthesis of silver nanoparticles using white propolis
extract

Numerous studies have shown that various plant
extracts have been used for the green synthesis of
silver nanoparticles in the last few years (Lin et al.,
2010; Roy and Barik, 2010; Raghunandan et al., 2011;
Bansal et al., 2020). In this paper, the biosynthesis
method was preferred to produce silver nanoparticles
using white propolis extract. White propolis extracts
were used as a reduction agent in the synthesis of
silver nanoparticles because of their important
biological ingredients used to treat various diseases
(Nagai et al., 2003).

Optimization of Silver Nanoparticles

To optimize the synthesis procedure of silver
nanoparticles, the BBD method of the Design
Expert® ver. 12.0 software was used (Stat-Ease Inc.,
Minneapolis, USA). To calculate the percentage yield
of particle formation, their absorbance values were
measured by UV-Vis at 350-500 nm and optimized as
responses. Power, time, AgNOs concentration, and
VExt/VAg were determined as factors at three
different levels which were changed depending on the
factors. The acquired data coincided with the
quadratic polynomial model and various statistical
parameters were utilized to fit the analysis. After
that, the model demonstrated the existence of
interaction, the curvature effect was performed, and
the polynomial equation was generated for the
response factor. The parameter of coefficient of
correlation was calculated as perfectly in the range
between 0.9915 along with great values of predicted
and adjusted r2?, and low values of PRESS.
Additionally, model diagnostic graphs for response
are shown in Figure 1, showing that the data is
parallel to the selected model.

%Yield = 89.92 + 15.09 * A — 5.24 * B— 7.09 * C + 2.98 * D + 7.40 * AB — 19.80 * AC — 3.46 * AD + 11.10 * BC + 5.14 *
BD —5.51+CD —21.61 * A% —17.63 + B> —9.22 x C2 — 17.80 « D?

Factor-response relationship and response surface
mapping

Response surface analysis (RSA) was obtained using
3D response surface plots and 2D contour plots, which
elucidated the existence of interactions among the
factors and their impacts on the response factor. The
RSA plots for a percentage of yields of silver
nanoparticles were shown in Figure 2. The
relationship between AgNO3s concentration and
VExt/VAg was shown in Figure 2(A). In cases where
VExt/VAg was particularly above 0.4 and AgNOs
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concentration was between 5 mM and 6 mM, the
percentage yield of particle formation tends to be
minimal. However, at the medium and low levels of
VExt/VAg, the increase in AgNOs concentration
showed a sharp rising pattern to high levels. In
addition, the effect of VExt/VAg on the particle
formation efficiency showed a decreasing trend at
around 0.4 to 0.5 levels. The 3D graph and 2D plot of
the relationship between AgNOs concentration and
power were indicated in Figure 2(B).

When the relationship between AgNOs3 concentration
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and power was evaluated, it was observed that the
effect of these two parameters on the particle
formation efficiency was inversely proportional. As
the power was at a minimum and AgNOs
concentration was at a maximum level, the
percentage of particle formation was determined at
its highest. Moreover, the relationship between
AgNOs concentration and the time was similar to the
relationship between AgNOs concentration and
VExt/VA,g and its 3D response surface plots and 2D
contour plots were depicted in Figure 2(C). The
relationship between power and VExt/VAg was

Predicted vs. Actual

80—

60 —

40—

Predicted
YYield

20—

Actual

indicated in 3D response surface plots and 2D contour
plots in Figure 3(A). When VExt/VAg was between 0.1
and 0.4 and power was below 400 watts, it was
determined that the particle formation percentage
was over 90%. In addition, the relationship between
VExt/VAg and time showed that when both were at a
medium level, the particle formation percentage was
seen to be high (Figure 3(B)). Lastly, the relationship
between time and power was determined and the
high level of the percentage of particle formation was
observed over 25 seconds and less than 670 watts, as
shown in Figure 3(C).
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Figure 1. The graphs indicating ‘Predicted vs. Actual plot’, perturbation chart, and interaction plot for response

values

Sekil 1 Grafikler, elde edilen cevaplar i¢cin tahmin edilen degere karsi ger¢eklesen deger grafigini, pertiirbasyon

tablosu ve etkilesim grafigini gostermektedir.
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Figure 2. The graphs indicate the impact of factors like A: AgNOs concentration, B: VExt/VAg, C: Power, and D: time on the
percentage of particle formation (%Yield) of synthesized silver nanoparticles using white propolis extract solution

as the response factor.

Sekil 2. A: AgNO:s konsantrasyonu, B: orani, C° Mikrodalganin giicii ve D’ zaman gibi faktorlerin, yanit faktori olarak beyaz
propolis ekstresi ¢ozeltisi kullanilarak sentezlenen giims nanopartikiillerin partikiil olusum yiizdesi (% Verim)

tizerindeki etkisini gosteren grafikler.

Optimum conditions for silver nanoparticle synthesis

To identify with numerical optimization, the silver
nanoparticles were optimized and evaluated. It was
observed that the desirability function value was
close to 1.0 and the goal for the response variable was
achieved. As the optimized silver nanoparticles
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synthesis setting, the overlay plot indicated the
yellow color area as the optimized area along with the
flagged point displaying 10 mM concentration of
AgNOs, power at 150-watt, time at 35 seconds, and
0.3 of the VExt/VAg (Figure 4).
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Figure 3. The graphs indicate the impact of factors like B: VExt/VAg, C: Power, and D: time on the percentage of
particle formation (%Yield) of synthesized silver nanoparticles using white propolis extract solution as
the response variable.

Sekil 3. B: VExt/VAg orani, C: Mikrodalganin gictu ve D: zaman gibi faktorlerin, yamit faktori olarak beyaz

propolis ekstresi ¢ozeltisi kullanilarak sentezlenen giimiis nanopartikiillerin partikiil olugum yiizdesi (%
Verim) iizerindeki etkisini gésteren grafikler.

Characterization of optimized silver nanoparticles characterized by UV-VIS spectrophotometry and the

The  synthesized silver nanoparticles  were result was shown in Figure 5.
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Figure 4. The graphs show a yellow color area as the
optimized area and a flagged point as the
optimized synthesized silver nanoparticles using
white propolis extract.

Sekil 4. Grafik, sar1i renkli alani, optimize edilmis alan
olarak ve isaretlenmis noktayi ise beyaz propolis

ozlitii kullanilarak optimize edilmis
sentezlenmis giimiis nanopartikiiller olarak
gostermektedir.

While the spectrum peak of the white propolis extract
was determined as 302 nm, the spectrum peak of the
silver nanoparticles synthesized under optimum

conditions was observed at 420 nm. This result was
fitting with the brownish color of the nanoparticles
and confirmed the synthesis of silver nanoparticles
(Kischkel et al., 2020). At the same time, the study
was carried out by changing the volume of white
propolis extract solution, AgNOs concentration, and
power. Comparing the literature, the spectrum peaks
were observed at nearly the same wavelengths such
as 480 nm (Corciova et al, 2019) and 421 nm
(Barbosa et al., 2019) but wavelength ranges were
wider. However, when VExt/VAg was greater than
0.3, it was observed that the absorption peaks shifted
towards a higher wavelength and the wavelength
range of the peak increased.

FTIR spectrum of the optimized silver nanoparticles
was shown in Figure 6. The significant absorption
bands for silver nanoparticles were observed at
2985.27, 1636.3, and 1330.64. The optimized silver
nanoparticles exhibited a wide absorption band of —
OH groups at 3279.36. The absorption band at
2985.27 was associated with C-H stretching of
aliphatic —CH, —CH2 groups. The absorption peaks at
1636 and 1330 were assigned to the asymmetrical and
symmetrical —COQO stretching of carboxylate
compounds in white propolis. The absorption peak at
1085 was associated with the C-O stretch.

—— White propolis extract
—— Optimized silver nanoparticles
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Figure .5. UV-Visible spectra of optimized silver nanoparticles prepared using white propolis extract and white

propolis extract

Sekil 5. Beyaz propolis ekstresi kulllanilarak optimize edilmis giimiis nanopartikiillerin ve beyaz propolis

ekstresinin UV-Vis spektrum piki

940



KSU Tarim ve Doga Derg 25 (5): 933-945, 2022
KSU J. Agric Nat 25 (5): 933-945, 2022

Aragtirma Makalesi
Research Article

110

100

/

2985.27 cm-1
80

%T

60

3279.36 cm-1

40 T

4000 3000

T

| 133064 cm-1 |

1636.3 cm-1

T T I T

2000 1000 400

Wavenumber [cm-1]
Figure 6. FTIR spectra of optimized silver nanoparticles prepared using white propolis extract
Sekil 6. Beyaz propolis ekstresi kullanilarak optimize edilmis giimiis nanopartikiillerin FTIR spektrumu

The particle size distribution of optimized silver
nanoparticles was determined with the DLS method
and shown in Figure 7. The size of silver
nanoparticles was measured as 108.2 nm. The zeta
potential provides information about the charges and
stabilities of nanoparticles (Dhiman et al., 2021). The
zeta potential of optimized silver nanoparticles was
measured as -22.3 mV and PDI (polydispersity index)
value was measured as 0.224 which correlates with
monodispersity since when the PDI value is bigger
than 0.7, the particle size distribution is not uniform
(Khorrami et al., 2018).

Antibacterial activity of silver nanoparticles

It has been known that silver nanoparticles have an
antibacterial effect. They affect both Gram-positive
bacteria and Gram-negative bacteria (Dada et al.,
2018). In this study, the antibacterial effect of
optimized silver nanoparticles was examined on .S.
aureus (ATCC 25923), K. pneumoniae (ATCC 15380),
P. aeruginosa (ATCC 27853) and E. faecalis (ATCC
29212) by using Disc Diffusion Method (Figure 8).

The antibacterial effects of white propolis extract on
the same bacteria were studied to compare with the
silver nanoparticle form and inhibition zones were
measured and shown in Table 2.

Since the standard antimicrobial blank discs have
diameter of 6.0 mm, the inhibition zone value must be
higher than 6.0 mm to prove the sample has
antimicrobial activity. As the results of DISC assay
were evaluated while optimized silver nanoparticles
using white propolis extract exhibited antibacterial
activity, it was observed that white propolis had no
antibacterial effect on any bacteria. Corciova et al.
(2019) reported that inhibition zone values of the
synthesized silver nanoparticles using propolis
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extract on S. aureus and P. aeruginosa were
determined as 10.0 mm, and 2.0 mm respectively.
However, inhibition zone diameter values of
synthesized silver nanoparticles in this study were
higher. The MIC method is generally used to
determine the minimum inhibition concentration
value of the active component. To evaluate MIC
values of the optimized silver nanoparticles and white
propolis extract, crude data were obtained using Plate
Reader and calculated by GraphPad 8.1 Software as
shown in Table 3. Moreover, the percentage of
inhibition curve of the optimized silver nanoparticles
and the percentage of inhibition values of white
propolis extract solution were tested to determine the
effectiveness of the silver nanoparticle as shown in
Figure 9. Both graphs were also plotted by using MIC
data.

MIC analysis was also performed to determine the
minimum inhibitory concentration of the optimized
silver nanoparticles and white propolis extract. While
the optimized silver nanoparticles using white
propolis extract exhibited antibacterial effect even at

minimum concentration, white propolis extract
exhibited antibacterial activity at maximum
concentration.

The efficacy of silver nanoparticles synthesized under
optimized conditions and white propolis extract on
bacteria were evaluated and, the difference between
MIC values was tested statistically with two-way
ANOVA. p-value was calculated as p= 0.0001 for all
bacterial species, and this p-value was considered
significant because p < 0.005.

MIC values of obtained silver nanoparticles against S.
aureus, P. aeruginosa, and E. faecalis were measured
as 25.1 pg/mL, 26.2 pg/mL, 18.2 pg/mL, 18.2 pg/mlL,
respectively (Figure 8). In literature, the MIC value of
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the produced silver nanoparticles using propolis this synthesis was carried out with ethanol extract
hydroalcoholic extract was reported as 8 ug/mL and it (Barbosa et al., 2019).
was smaller than that using white propolis because
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Figure 7. DLS and zeta potential values of optimized silver nanoparticles prepared using white propolis extract,
DLS (A) and zeta potential (B)
Sekil 7. Beyaz propolis ekstresi kullanilarak optimize edilmis giimiis nanopartikiillerin DLS ve zeta potansiyel
degerleri, DLS (A), zeta potansiyeli (B)

Table 2. The inhibition zone diameter (mm) of silver nanoparticles was determined by the DISC Method.
Cizelge 2. DISC yontemi ile giimiis nanopartikiillerin inhibisyon zon ¢apinin (mm) belirlenmesi

Microorganisms Inhibition zones diameter (mm)
Klebsiella pneumoniae 10
Pseudomonas aeruginosa 10
FEnterococcus faecalis 11
Staphylococcus aureus 13

Table 3. MIC values of the optimized silver nanoparticles and white propolis extract.
Cizelge 3. Optimize edilen giimlis nanopartikiiller ve beyaz propolis ekstresinin MIC degerleri

Microorganisms MIC values (ug/mL)
Optimized silver nanoparticles White propolis extract
S.aureus 25.1 + 0.0002 250 + 0.0002
P. aeruginosa 26.2 + 0.0001 250 + 0.0002
K. pneumaniae 18.2 £ 0.0002 250 £+ 0.0002
FE. faecalis 17.9 £ 0.0002 500 + 0.0001
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Figure 8. Antibacterial activity assay of white propolis extract and optimized silver nanoparticles against K.
pneumoniae (ATCC 15380) (A), P. aeruginosa (ATCC 27853), E. faecalis (ATCC 29212), and S. aureus
(ATCC 25923) (D)
Sekil 8. K. pneumoniae (ATCC 15380) (A), P. aeruginosa (ATCC 27853), E. faecalis (ATCC 29212), and S. aureus
(ATCC 25923) (D) bakteri suslarina karsi beyaz propolis ekstresi kullanilarak optimize edilen giimiis
nanopartikiillerin antibakteriyel aktivitesinin analizi

Comparing the inhibition values of silver inhibited nearly 70% of all strains, lower silver
nanoparticles and white propolis extract, while white nanoparticles amount was enough for inhibition of all
propolis extract at the concentration of 500 pg/mL strains as shown in Figure 9.
A B
100 o & 100
s s
€ 50 € 50

o
o
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Figure 9. % Cell Inhibition values on the bacteria of optimized silver nanoparticles (A) and white propolis
extract (B)

Sekil 9. Beyaz propolis ekstresi kullanilarak optimize edilen giimiis nanopartikiillerin (A) ve beyaz propolis
ekstresinin(B) bakteriler tizerindeki % hiicre inhibisyon degerleri

CONCLUSION cosmetic and therapeutic applications.

In presenting this paper, a biological approach was

used for the synthesis of silver nanoparticles and Researchers’ Contribution Rate Declaration Summary
white propolis extract solution was preferred as a The authors declare that they have contributed
biological reduction agent. The synthesized silver equally to the article.

nanoparticles were systematically optimized by BBD

utﬂlZlng Design EXpert@ ver. 12.0 SOftwaI‘e Conﬂicts of Interest Statement

depending on the influence of different factors. The
optimized silver nanoparticles exhibited antimicrobial
activities with the proper size, zeta potential, and PDI
index. These findings imply that optimized silver
nanoparticles using white propolis extract solution
may subscribe as a prospective antibacterial agent in

Authors have declared no conflict of interest.
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ABSTRACT Biology

The Inula aucheriana, of the Asteraceae family, is widespread in

Turkey. The aim of this study was to investigate different biological Research Article
properties and thereby reveal the pharmacological potential of this : :

plant, which is already known to be used in the treatment of various Artlc.le H1story.

diseases,. Following the preparation of 80% ethanol extract from 7. Received ) 22.08.2021
aucheriana, qualitative and quantitative methods were used to Accepted £ 22.10.2021
investigate the chemical composition (Q-TOF analysis), antioxidant Keywords
(spectrophotometric analysis), inhibitory enzyme (Ellman's method), Inula aucheriana
antimicrobial (MIC concentration value), and anti-cancer (XTT Anticancer

analysis) activities. The results showed that 80% ethanol extract Antioxidant

from I aucheriana was a potent antioxidant, with anti-cancer and
enzyme inhibitor effects. In the chemical composition analysis, the
primary compound of the extract was determined to be luteolin
(32.55%). I aucheriana extract was seen to have AChE and BChE
inhibition, , and when compared with the reference drug, the extract
was determined to have an inhibitory effect an enzyme called a-
glucosidase. Besides, relatively high tyrosinase enzyme inhibition
was also detected. The extract significantly showed antiproliferative
activity on the MDA-MB-231 cells at 0.0625 mg/mL and higher
concentrations,for 24 hours in a a dose-dependent manner.This study
1s the first to evaluate enzyme inhibitory effect and antioxidant
activity of 1. aucheriana.

Enzyme Inhibitory
Medicinal and Aromatic Plants

Inula aucheriana'min Antikanser, Antioksidan, Antimikrobial ve Enzim Inhibitér Aktiviteleri

OZET Biyoloji

Turkiye'de yaygin olarak gorilen [nula aucheriana, Asteraceae

familyasina ait bir bitkidir. Cesitli hastaliklarin tedavisinde Aragtirma Makalesi
kullanildigr bilinen bu bitkinin farkli biyolojik 6zelliklerinin

arastirildigi bu calisma ile bitkinin farmakolojik potansiyelinin Makale Tarihgesi

ortaya cikarilmasi1 amaclanmaktadir./ aucherianamn %80 etanol Gelig Tarithi  :22.08.2021
ekstraktinin, kimyasal bilesimi (Q-TOF analizi ile), antioksidant Kabul Tarihi :22.10.2021
ozellikleri (spektrofotometrik analizi ile), enzim inhibitor aktiviteleri

(Ellman’s yéntemi ile), antimikrobiyal aktivitesi (MIC konsantrasyon Anahtar Kelimeler

degeri ile) ve antikanser aktivitesi (XTT analizi ile) nitel ve nicel Inula aucheriana
yontemler kullanilarak arastirildi.Zaucheriananin %80 etanol Antikanser

ekstraktinin giiglii bir antioksidan, antikanser ve enzim inhibitori Antioksidan

oldugu tespit edildi. Kimyasal bilesim analizinde ekstraktin ana
bilesigi luteolin (%32.55) olarak belirlendi. 1  aucheriana
ekstraktinin AChE ve BChE inhibisyonuna sahip oldugu ortaya
konuldu. Ayrica Jnula  ekstraktinin, referans ila¢ ile
kargilagtirildiginda a-glukosidaz enzimi agisindan inhibitor etkiye
sahip oldugu belirlendi. Bununla birlikte oldukga yiiksek tirozinaz
enzim inhibisyonu goésterdi. Ekstrakt, MDA-MB-231 hiicrelerinde

Enzim Inhibitéri
Tibbi ve Aromatik Bitkiler
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0.0625 mg/ml ve daha yuksek konsantrasyonlarda 24 saat boyunca
inkube edildiginde,6nemli 6l¢lide antiproliferatif aktivite gosterdi.

Bu calisma, [ aucheriananin enzim
antioksidan aktivitesinin ilk aragtirmasidir.

inhibitor aktivitesi

ve
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INTRODUCTION

The genus I[Inula, which has approximately 100
species globally, is a plant in the Asteraceae family,
and it grows densely in the Central Anatolia region of
Turkey (Oztirk and Cetin, 2013). Inula, which is
named "andiz otu" in Turkish, is a medicinal plant
used in the treatment of various diseases, especially
sleep disorders, menstrual disorders, intestinal
diseases.

Plants belonging to the genus [nula are known to
have antimicrobial, anticonvulsant, antiproliferative,
antioxidant and hepatoprotective properties. This
genus is also rich in secondary metabolites (Khan et
al., 2010; Moghadam et al., 2012; Kaur et al., 2014;
Ekbatan et al., 2019). Many diseases, especially
cancer, neurological disorders, diabetes and
cardiovascular diseases, may develop due to a high
level of oxidative stress in the body,. These diseases
can be prevented by inhibiting free radicals that
cause oxidative stress in the body through
antioxidants (Gupta et al., 2014; Motor et al., 2014).
High antioxidant activity has been detected in many
species of Inula (Canadanovié-Brunet et al., 2002; Bai
et al., 2005; Al-Fartosy, 2011).

Acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) enzymes are
cholinesterases that act on thiocholine to release
acetylcholine, which aids neurosynaptic transmission.
In cases where these enzymes are inhibited,
acetylcholine in the synaptic space is more effective in
signal transmission. AChE and BChE inhibitors have
been used for many years to treat Alzheimer's and
Myasthenia gravis diseases (Orhan et al., 2004; Zhao
et al., 2013; Mehndiratta et al., 2014). However, the
side effects of these synthetic drugs have led
researchers to seek natural AChE and BChE
inhibitors. The results of studies of different /nula
species enzyme inhibition activity are promising.
However, no such study has been found for the 71
aucheriana species as yet (Trendafilova et al., 2020).

Cancer is one of the diseases with the highest
mortality rate worldwide. Multifactorial causes
affecting the mechanism of the disease are of great
importance for the clarification of the treatment
process. Medicinal and aromatic plants are often used
in the treatment of cancer. Therefore, studies of these
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plants with anti-cancer properties, have increased
recently. In vitro studies of /nula on different cancer
cell lines (such as Burkitt's lymphoma, lung cancer,
liver cancer) have shown that this plant has anti-
cancer properties (Cui et al., 2018; Wang et al., 2019;
Virdis et al., 2020).

According to the data obtained from previous studies,
many [nula species, except 1. aucheriana, were found
to be rich in biological activity (Gékbulut et al., 2013).
However, a comprehensive study on the biological
activities of 80% ethanol extract of 1. aucheriana has
not been conducted. Therefore, in this study, it was
aimed to investigate the anti-cancer, antimicrobial,
antioxidant and enzyme inhibitory activities of this
species.

MATERIAL and METHODS

The aerial parts of the plants in full flowering periods
were collected from a natural area (Yozgat-3446408
E, 3948346 N, 1216 m) on 05.07.2017. The collected
fresh aerial parts were dried at room temperature.
Species identification of the collected plants was made
in Yozgat Bozok University Biology Department. The
experiments in this study were repeated three times
with random selection in Sivas Cumhuriyet
University Faculty of Pharmacy laboratory in 2019.

Preparation of Extracts

The aerial parts of the plants were dried and ground
(Blue House). Taking 10 g of the resulting dry plant,
it was mixed with 50 mL of 80% ethanol and shaken
intermittently for 48 hours. Then it was filtered with
Whatmann filter paper No.1l. The filtrate was
intensified to dryness under reduced pressure on a
rotary evaporator at 40°C, and this procedure was
performed three times.

The Chemical Composition

The extracts prepared were stored in 10 ml of ethanol
for three days, then mixed with the help of a magnetic
fish at 500 rpm for 10 minutes for complete
dissolution. The resulting 100 uL. extract was mixed
by vortexing with a 900 pL of Methanol: Water:
Formic acid (80: 20: 0.1) solution. It was then
centrifuged for 30 minutes at 10000 rpm and 4°C. The
upper phase was taken into a vial and passed through
a 45 um filter. Liquid passing through the filter was
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injected into the device. A Q-TOF (Agilent Accurate
Mass Q-TOF LC-MS 6530) device and Poroshell 120
SB-C18 (2.7um 4.6x100mm) type column were used
for analysis. The samples were measured at 30 °C for
55 minutes in water / acetonitrile mobile phases with
a flow rate of 0.6 ml / min. The obtained data were
evaluated with the Agilent Metlin database.

In vitro Antioxidant Activity

The 2,2-diphenyl-1picrylhydrazyl (DPPH) radical
scavenging activity of the extract was evaluated
according to the Blois (1958) method with few
alterations. The 2, 2 azinobis (3
ethylbenzothiazoline - 6 — sulfonic acid) (ABTS)
radical scavenging activity was evaluated using the
Re et al. (1999) method with minor modifications. The
total phenolic content (TPC) was specified with the
spectrophotometric method(Clarke et al., 2013) and
clarified as gallic acid equivalents and the total
flavonoid content (TFC) was assigned with the Molan
and Mahd (2014) aluminum chloride colorimetric
method. The TFC was stated as milligram-catechin
equivalent per gram of dry weight of the extract.

In vitro Enzyme Inhibition Assay

The butyrylcholinesterase and acetylcholinesterase
inhibition assay was applied pursuant to the Ellman’s
method as defined in our previous study (Ellman et
al.,1961; Ergiil et al., 2019). As reported by Kumar et
al. (2012), the a-glucosidase inhibition method was
applied. The alpha-amylase inhibition activity of the
extract was investigated using the method reported
by Kumar et al. (2013). The positive control used in
both the a-glucosidase and the a-amylase inhibition
method was acarbose.

Antimicrobial Activity
Microdilution broth method

The bacteria used in this study were Bacillus cereus,
Staphylococcus aureus, FEscherichiacoll, and
Pseudomonas aeruginosa. Two yeast strains, Candida
albicans and Candida tropicalis were also used. The
minimum inhibitory concentration (MIC) of the
Laucheriana ethanol extract was determined in
accordance with the broth microdilution method of
Eloff (1998). Mueller-Hinton broth
(Accumix®AM1072) for bacteria and Sabouraud
Dextrose Broth (Himedia MEO033) for Candida sp.
were used as the culture medium (CLSI, 2002; 2012).

The extract was dissolved in dimethylsulfoxide
(DMSO) (50 mg/mL). 90 pl of media were applied to
the first row of the microplates and 50 pL to the
remaining wells. Wells to which 100 pL of broth was
added were used as growth controls. To the first row
of the microplate, 10 pL of the extract, at a
concentration of 2.5-0.004 mg/mL, was added and
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serial double dilutions were prepared. The fungi and
bacteria suspensions (50 pl) were put into the
prepared samples. The final inoculation size was
5x105 CFU/mL in the bacteria wells and 0.5-2.5X103
CFU/mL in the Candida sp. wells (CLSI, 2002;2012).
The MIC concentration of the extract was defined as
the lowest concentration inhibiting discernible growth
of bacteria and yeast after overnight incubation at 37
°C.

Cell Culture and Reagents

MDA-MB-231 (HTB-26TM, Human Breast Cancer
Cell Line) and L-929 (CCL-1TM, Mouse Fibroblast
Cell Line) were obtained from ATCC, (Manassas, VA,
USA). The cells were maintained in DMEM medium
(Gibco Life Technologies, USA), which was completed
with 10% (v/v) FBS (Biochrom, Berlin) and 1%
pen/strep (Gibco Life Technologies, USA). The cells
were incubated at 5% COsz humidified atmosphere and
37°C until 80-90% confluence was reached.

Cell Viability Assay

The aim of this study was to specify the cytotoxic
effect of I aucheriana ethanol extract on MDA-MB-
231 and L929 cells for 24 hours. The cells were
treated with an increased concentration of 0.0625 -
0.125 — 0.25 — 0.5 - 1 mg/mL of extract and the ICso
value was calculated. The ethanol extract of 1
aucheriana was diluted in phenol red-free Dulbecco's
Modified Eagle's Medium (DMEM) before treatment.
The growing cells were seeded into 96-well
microplates at a density of 1.5 x 104 cells per well in
100 pL complete culture medium and were allowed to
adhere overnight. . These cells were then incubated
with increasing concentrations of the ethanol extract
of I aucheriana (0.0625, 0.125, 0.25, 0.5, 1 mg/mL) for
24 hours. The cell proliferation was assigned using
the XTT assay kit (BIOTIUM, Inc) according to the
user’s guide. Briefly, 50 pL XTT labelling mixture (to
prepare the activated XTT kit solution, the activation
reagent and the XTT solution were mixed in a 5:1
ratio) was placed on each well to identify
metabolically active cells, and the plates were then
cultured at 37°C for another 4h. The absorbance was
evaluated using a spectrophotometer (ELISA reader;
Thermo, Germany) at 450 nm. All experimental
studies were conducted in three independent stages,
and the cell proliferation results were described as a
percentage of control (100% of viability).

Statistical Analysis

The statistical significance for the assays was
assigned using GraphPad Prism 7 (GraphPad
Software, Inc.). The obtained data were subjected to
the ANOVA test. A value of p< 0.01 was considered
statistically significant.
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RESULTS
The Chemical Composition

When the data obtained were evaluated in terms of
the proportional values among the phenolic
compounds of the /nula plant, the highest phenolic

value was determined as "Luteolin" with 32.55%,
"Apigenin" with 21.66%, "Diosmetin" with 19.82% and
16.6% followed by Quercetin 3-methyl ether phenolics
(Table 1).

Table 1. The chemical composition of the 80% ethanol extract of Laucheriana
Cizelge 1. Laucheriana’nin %80 etanol ekstraktinin kimyasal bilesimi

No R.T. Phenolic composition % Area

1 6.49 3,4-Dihydroxybenzoic acid 1,456394

2 17,6 Chlorogenic acid, iso chlorogenic acid 3,020271

3 20.14 Rutin 0.656758

4 22.15 Dicaffeoyl quinic acid isomers 4.241029

5 25.57 Luteolin 32.55262

6 25.63 Quercetin 3-methyl ether 16.5999

7 26.7 Apigenin 21.6573

8 26.9 Diosmetin 19.81573

Antioxidant Activity 317.28+0.012 pg/mL) than the standard BHA (the

ABTS and DPPH Radical Scavenging Activity

The in vitro antioxidant activities (ABTS and DPPH
radical scavenging activities, total phenolic and
flavonoid contents) of Laucheriana in 80% ethanol
extract were tested. The obtained data were compared
with the reference substance butylated
hydroxytoluene (BHT) and butylated hydroxyanisole
(BHA). The extract had the lower ICs0 value of DPPH

radical scavenging activity (the ICso value of
100
e . —ty
= BHT
50 -~ Inula

ABTS Radical Scavenging Activity (%)

Concentration (ung/mL)

ICs0 value of 4.1+0.01 pg/mL). Similarly, the standard
BHT (1.95+0.018 pg/mL) showed higher ABTS radical
scavenging activity than the JZaucheriana  80%
ethanol extract with the ICso value of 237.4+0.008
pg/mL. However, it can be said that the values are
close to the reference substance and the 80% ethanol
extract of I aucheriana has strong antioxidant
activity (Figure 1).

100

=¥ BHA

50 - |nula

DPPH Radical Scavenging Activity (%)

Concentration (ug/mL)

Figure 1. ABTS and DPPH radical scavenging activity of 1 aucheriana
Sekil 1.1 aucheriana'nin DPPH ve ABTS radikal stipiirme aktivitesi

Total Flavonoid and Total Phenol

When the total flavonoid and total phenol in 80%
ethanol extract from Il aucheriana was examined, the
total flavonoid content was found to be 94.36+1.9 mg
CE/g, and the total phenolic content was
265.56+11.25 mg GAE/g (Figure 2). The total
flavonoid and total phenol contents of ILaucheriana
were found to be quite high. The phenolic compounds
are the most important among the phytoconstituents
in terms of antioxidant activity value.

The Enzyme Activities

The enzyme activities of 80% ethanol extract obtained
from I. aucheriana were investigated (Table 2).
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Butyrylcholinesterase—Acetylcholinesterase
Inhibition Assay

The butyrylcholinesterase (BChE) and
acetylcholinesterase (AChE) inhibitory activities of
the ethanol 80% extract of [Laucheriana were
evaluated (Table 2). When the obtained results were
compared with the reference drug (galantamine
hydrobromide used for the treatment of Alzheimer’s
disease) (93.87+0.56% and 89.89+0.01 for % AChE
and BChE inhibition, respectively), the ethanol 80%
extract of  Laucheriana  (75.94+0.09%  and
78.63+0.02%, respectively) was seen to have AChE
and BChE inhibition.
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a-Amylase and a- Glucosidase Inhibition Assay

Acarbose was used as the reference drug for the
inhibitory effects against a-amylase and a-
glucosidase, which are are related to the antidiabetic
activity enzyme. According to obtained data, the a-
amylase and a-glucosidase inhibitory effect of
Laucheriana in the ethanol 80% extracts were
determined  as 53.26+0.12 and 18.07+0.03,

3001

200

100

o
1

Rd
«

Total Phenol (TPC) and total flavonoid content(TFC)

respectively (Table 2). When the extract was
compared with the reference drug (57.56+0.52% and
58.40+0.63% for the a-glucosidase and a-amylase,
respectively), the 80% ethanol extract of Laucheriana
was seen to have an inhibitory effect in terms of a-
glucosidase.

—_ IR TFC
= TPC
N
\“o

Concentration (gg/mL)

Figure 2. Total phenol and flavonoid content of 80% ethanol extract of aucheriana.
Sekil 2. I. aucheriana’nin% 80 etanol ekstresinin toplam fenol ve flavonoid igerigi

Table 2. Enzyme inhibition activity of 80% ethanol extract obtained from I. aucheriana and reference standards
(at concentration of 2 mg/mL).

Cizelge 2. Referans standartlarin ve I.aucheriana’nin % 80 etanol ekstresinin enzim inhibisyon aktivitesi (2 mg
/mL konsantrasyonda).

Extracts Anticholinesterase Activity Antidiabetic Activity Skin Whitening

AChE BChE a-Glucosidase a-Amylase Tyrosinase

80% ethanol extract 75.94+0.09 78.63+ 0.02 53.26+0.12 18.07+0.03 59.21+0.08

of Laucheriana

Reference Drugs

Galanthamine 93.87+ 0.56 89.89+0.01

Hydrobromide

Acarbose 57.56+0.52 58.40+0.63

Kojic Acid 56.42 + 1.59

Tyrosinase Inhibition Assay (Table 2).

Kojic acid was used as the reference drug for the Antimicrobial Activity

tyrosinase inhibition assay. When the % inhibitory
activities of Laucheriana in the 80% ethanol extract
were compared with the positive control drug kojic
acid (56.42+1.59%), the extract was seen to have very
high Tyrosinase inhibition activity (59.21+0.08%)

The antimicrobial activities of I aucheriana ethanol
extract against C. tropicalis and C. albicans and
B.cereus, E. coli, P. aeruginosa, S. aureus were
determined using the microdilution technique at the
concentration range 0.312 to >2.5mg/mL (Table 3).

Table 3. The antimicrobial activity values of 1. aucherana ethanol extract
Cizelge 3. Laucheriana’nin etanol ekstresinin antimikrobiyal aktivite degerleri

Micro-organisms and MIC values (mg/mL)

FE.coli S.aureus P.aeruginosa B.cereus C.albicans C.tropicalis
ATCC ATCC ATCC ATCC ATCC DSM
25922 29213 27853 11778 10231 11953

I. aucheriana 2.5 0.312 2.5 2.5 >2.5 2.5
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The reference values of MIC were taken according to
Holetz et al (2002). In the light of these data, it was
found that the ethanol extract of I aucheriana
showed moderate antimicrobial activity on the S.
aureus strain.

Cytotoxicity Assay

The ethanol extract of I aucheriana considerably

80+
60+
40+

204

Cell Viability (%)

ICs= 0.123 mg/mL

inhibited cell growth on the MDA-MB-231 cells at
0.0625 mg/mL and higher concentrations for 24 h in a
dose-dependent manner (Figure 3). The ICso value of
the extract was calculated as 0.123 mg/mL. The
extract did not show significant cytotoxicity on the
L1929 cell line at the ICs0 concentrations.

L] L]
0.0625 0.125

Concentration (mg/mL)

Figure 3. Cytotoxicity was determined by XTT assay. MDA-MB-231 cells treated with 0.0625 to 1 mg/mL of
Laucheriana ethanol extract for 24 h. Data are representative of the mean + SEM of three separate

experiments performed in triplicate.

Sekil 3.Sitotoksisite, XT'T testi ile belirlenmigstir. 0.0625 ila 1 mg mL I. aucheriana etanol ekstrakt: ile 24 saat
muamele edilen MDA-MB-231 hiicrelerine ait veriler goriilmektedir. Veriler, ti¢ kez yapilan ii¢ ayri
deneyin ortalama + standart sapma oranini temsil etmektedir.

DISCUSSION

In this study, different biological activities were
investigated for more effective use of the medicinal
plant, JInula aucheriana. The antioxidant and
antimicrobial activity, enzyme inhibitory activity and
cytotoxicity of 80% ethanol extract of this species
were tested.

Eight different chemical components were obtained
from 80% ethanol extract of I aucheriana using the
Q-TOF method. Luteolin was determined to be the
main component at 32.55% (Table 1). In a study by
Gékbulut et al. (2013), the chemical content of
different species of the Inula plant was examined, and
luteolin was found at a significantly high rate in the
methanol extract obtained from [ montbretiana
flowers, but was low in other species. In other studies
conducted of different Inula species, one of the species
with the richest luteolin content shares similar
properties with ZLaucheriana (Gokbulut et al.,
2013;0zkan et al., 2019). In a review article prepared
by Lin et al.(2008), it was revealed that luteolin has
many biological properties such as anti-cancer,
antioxidant, anti-inflammatory and anti-allergy
effects. In this respect, the phenolic compound
content of ZLaucheriana can be understood to be
important.

According to the results obtained from the comparison
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of total flavonoid, total phenol levels with reference
values (ABTS and DPPH radical scavenging
activities), it was seen that I aucheriana was a
powerful antioxidant. Studies have indicated that
antioxidant levels are high in different species of the
Inula genus (I helenium, I. graveolens L. and I.
britannica) (Canadanovié-Brunet et al., 2002; Khan et
al.,2010; Al-Fartosy et al., 2011;Kaur et al., 2014).
Moreover, in another study conducted on six different
Inula species, DPPH radical scavenging activity of
these species and DPPH radical scavenging activity of
80% ethanol extract of I aucheriana, which was
examined in this study, were compared. It was found
that ZLaucheriana has much higher antioxidant
activity compared to the other six species
(Trendafilova et al.,, 2020). When the enzyme
inhibitory activity was examined, it was determined
that galantamine hydrobromide which was used as a

reference drug in Alzheimer’s disease, has an
inhibitory property close to its inhibition on
acetylcholinesterase (AChE) and

butyrylcholinesterase (BChE).

When the a- amylase and a- glucosidase inhibition
levels of Laucheriana were examined, it was observed
that they gave very similar results to acarbose, which
was the reference drug, in determining the a -
glucosidase inhibition level. However, the a- amylase
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inhibition level was not high. In a previous study,
three different extracts (MeOH, Aqueous and EtOAc)
were prepared in five different Inula species (I
helenium ssp. turcoracemosa, 1. viscosa, I. thapsoides,
I peacockiana, I montbretiana), a - glucosidase
inhibition levels were examined, and it was reported
that the highest inhibition of a - glucosidase was in
MeOH extract of I helenium species (88.69% at 3000
pg / mL). When this study is compared with these
previously published data, it can be said that a-
glucosidase inhibition in 80% EtOH extract of
Laucheriana is more appropriate (53.26 + 0.12 at
2000 pg / mL) (Orhan et al., 2017). In addition, the a-
amylase inhibition level of I. aucheriana was found to
be higher than that of the other five species. Even if
different solvents were used, 1. aucheriana appears to
inhibit a- amylase and a- glucosidase at higher levels
than other species. This indicates that this strain has
high antidiabetic activity and could be a drug for
diabetic patients.

The elevation of tyrosinase enzyme constitutes a
potential danger in respect of the formation of
dermatological disorders and skin cancer. Therefore,
inhibition of tyrosinase enzyme may be clinically
valuable in dermatological treatments ( Hashemi and
Emami, 2015). When the tyrosinase inhibition
activity of I aucheriana was examined, it showed a
higher rate of inhibitory activity compared to the
reference drug kojic acid (Table 2). Interestingly,
contrary to these findings, different Inula species (Z.
ensifolia L., I. oculus-christi L., I. conyza (GRIESS.)
DC, I aschersoniana JANKA var. Aschersoniana, I
germanica L., and I bifrons L) MeOH extract has
shown low inhibition against the tyrosine enzyme
(Trendafilova et al. 2020). Another study found that
I crithmoides species was a moderate tyrosinase
inhibitor compared to kojic acid (Jdey et al., 2017).
Although the high anti-thyrosinase activity of I
aucheriana suggests significant potential for
dermatological treatment methods, it is still unknown
whether different mechanisms increase this effect.
There is a need for further studies in this direction.

When the effect of 80% ethanol extract of
Laucheriana on different bacterial and fungal strains
was examined, it was found that it showed moderate
antimicrobial activity on the S. aureus strain (Table
3). Similarly, it has been reported that antimicrobial
activities show moderate effect in 7 helenium and
I montbretiana species. However,in contrast, it has
been suggested that I. viscosa species exhibit a more
effective antimicrobial activity than other species
(Gokbulut et al., 2013; Digutiet al.,2014). These data
show that the species belonging to this genus have
different antimicrobial properties.

One of the most common research areas of medicinal
plants today is cancer research. Using medicinal
plants as active ingredients instead of synthetic drugs
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can have more effective results on metabolism. When
the cytotoxic effect of laucheriana was examined on
healthy fibroblast cell line 1-929 and breast cancer
cell line MDA-MB-231, it was determined that cancer
cells were effectively inhibited (ICs0: 0.123 mg / mL)
within 24 hours. However, there was no significant
inhibition on healthy cells. In previous studies,
sesquiterpene lactones, one of the secondary
compounds of I aucheriana was isolated and its
cytotoxic effect on different cell lines (HepG-2, MCF-7
and A-549) was investigated, with results showing
that all cell lines were effectively inhibited (Gohari et
al. 2015). The results of both studies with I
aucheriana seem to support each other. However, in a
study conducted by Trendafilova et al.(2020) of 6
different Inula species, it was stated that the lung
cancer cell line A549 and the healthy kidney cell line
MDCK II showed low cytotoxic properties. The
cytotoxic effect of the [Zviscosa species has been
investigated in four different cell lines (MCF-7, C86,
MG63, and 1.929), and it has been reported that the
MCF-7 breast cancer cell line has a high rate of
cytotoxic effect and the L929 cell line has a low
cytotoxic effect (Hepokur et al., 2019). The different
plant ingredients can explain the different cytotoxic
effects of different species. These question marks can
be eliminated by focusing on biochemical and genomic
analyses on this issue.

CONCLUSION

Considering all these data, the pharmaceutical
importance of I aucheriana cannot be denied. In
terms of being a versatile plant with antidiabetic,
anti-hyperpigmentation, antioxidant and
antiproliferative activity, it can be seen as a potential
pharmaceutical plant for the treatment of many
diseases, especially Alzheimer’s, diabetes and
dermatological diseases. The results of more
comprehensive studies with the active ingredients of
this plant will strengthen the possibility of using
Laucheriana to treat various diseases in the future.
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ABSTRACT Biochemistry
Herbs are widely used in the treatment of diseases as colds, .
infections, and cancer. In this work, we evaluate Alcea calvertii, Research Article

which 1s a perennial herbaceous plant belonging to the Malvaceae

family. It spreads in Anatolia and Mediterranean region and has grtlc.le I(;Ilstory. 13.03.2021
important uses in terms of ethnobotany. In this study, it was aimed Aecelve d ) 28.10.2021
to evaluate the cytotoxic potentials and to investigate the ECephe Tase
antioxidant activities of methanol, water, chloroform, and ethyl Keywords

acetate extracts of the aerial parts of Alcea calvertii. For that, the
antioxidant activity of Alcea calvertii was determined by four
different methods [total phenolic content (TPC), ferric reducing
antioxidant power (FRAP), copper reducing antioxidant capacity
(CUPRAC) and 2,2-diphenylpicrylhydrazil (DPPH) radical
scavenging activity. The cytotoxicity potential of extracts was
assessed in the human lung cancer cell line (A549) by MTT assay. It
was observed that the highest antioxidant activity was in the
methanol extract and the antioxidant activity increased with
increasing extract concentration; The TPC values were between 62.5
- 414.6 GAE pg mL71, the FRAP values were between 115.7 - 1321.4
puM Trolox equivalent g, CUPRAC values were between 177.1 -
1321.4 pM Trolox equivalent g1, and ICso values in DPPH
determination were between 0.0089 - 3.5370 mg mL!. The extracts
caused cytotoxicity in a concentration dependent manner, the ICso
values were calculated to be between 36.8 - 62.64 ug mL1 It is
concluded that Alcea calvertii could be an important herb in
developing new drugs.

Alcea calvertii,
Antioxidant activity,
Cytotoxicity

Alcea calvertiinin Biyolojik Aktivitelerinin Incelenmesi

OZET Biyokimya

Bitkiler ve bitkisel ilaglar soguk alginligi, enfeksiyonlar ve kanser

gibi farklh hastaliklarin tedavisinde kullanilmaktadir. Alcea Aragtirma Makalesi
calvertii, Malvaceae familyasina ait ¢ok yillik otsu bir bitkidir.

Anadolu ve Akdeniz bélgesinde yayilan bu bitki etnobotanik Makale Tarihgesi
acisindan 6nemli bir yere sahiptir. Bu ¢alismada, Alcea calvertii Gelig Tarithi  :13.03.2021

bitkisinin toprakiistii kisimlarinin metanol, su, kloroform ve etil Kabul Tarihi :28.10.2021
asetat ekstrelerinin antioksidan aktiviteleri ile bu ekstrelerin

sitotoksik  potansiyellerinin  incelenmesi amaclanmigtir. Bu Anahtar Kelimeler
kapsamda, Alcea calvertirnin antioksidan aktivitesi dort farkl Alcea calvertii,

yontem [toplam fenolik icerigi (TPC), ferrik indirgeyici antioksidan Antioksidan aktivite,
giicii (FRAP), bakir indirgeyici antioksidan kapasitesi (CUPRAC) ve Sitotoksisite
2,2-difenilpikrilhidrazil (DPPH) radikal siipiirme aktivitesini] ile

tespit edilmigtir. Insan akciger kanseri hiicre hattindaki (A549)

sitotoksik potansiyeli ise MTT testi ile belirlenmistir. En yiiksek

antioksidan aktivitenin metanol ekstresinde oldugu ve artan ekstre

konsantrasyonu ile antioksidan aktivitenin arttigi gézlenmigtir; TPC

degerlerinin 62,5- 414,6 GAE pg mLl FRAP degerlerinin 115,7-
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1321,4 uM Trolox egdegeri g'l, CUPRAC degerlerinin 177,1 - 1321,4
uM Trolox esdegeri g, DPPH tespitinde ICso degerlerinin 0,0089-
3,6370 mg mL1! arasinda hesaplanmigtir. Ekstreler konsantrasyona
bagh olarak hiicre 6limiune neden olmustur ve ICso degerleri 36,8-
62,64 ng mL! arasinda bulunmusgtur. Bu sonug¢lar umut verici olup

daha kapsamli c¢alismalar ile incelenmesinin o6nemli oldugu
distintlmektedir.
Ataf Sekli: Abudayyak M, Kanbolat S, Ergene R, Batur S, Aliyazicioglu R. 2022. Alcea calvertiimin biyolojik

aktivitelerinin incelenmesi. KSU Tarim ve Doga Derg 25 (5): 955-964 https://doi.org/10.18016/

ksutarimdoga.vi.890659

To Cite : Abudayyak M, Kanbolat S, Ergene R, Batur S, Aliyazicioglu R. 2022. Investigation of Alcea calvertii
biological activities. KSU J. Agric Nat 25 (5): 955-964. https://doi.org/10.18016/ksutarimdoga.vi.890659
INTRODUCTION anti-inflammatory activity (Unal et al., 2008). Data

During the history of mankind, the interest in herbal
therapies has been continued in progress, where the
increases and decreases in the uses were following
each other. Recently, an increase in herbal use among
the different groups of society was observed.
According to WHO reports about 70-80% of people
prefers herbs primarily for health care. (Maiti et al.,
2011). Different factors affect the increase in herbs
production and usage, as the belief of low toxicity and
the absence of the side effects of natural products
(Verschaeve et al., 2004).

Alcea calvertil is a flowering herb of the Malveceae
family and assumed to be one of the important plants
in terms of ethnobotany in Anatolia. In Turkey, it is
commonly known as “Gulhatmi” and distributed in
Artvin, Elazig, Erzincan, Erzurum, Tunceli provinces
(Akan et al., 2015; Konczak et al., 2014; Korkmaz et
al., 2014; TUBIVES). Although, Alcea calvertii
thought to be Anatolia-endemic herb (Begen and
Yiiksel, 2018; Uzunhisarcikli and Vural, 2012) the
studies in the other countries disproved that
(Korkmaz et al., 2014; 2014b).

It was reported that some species of genus Althea or
Alcea (Malveceae) have different pharmacological
activities. Althaea rosea, one of the most studied
Alcea species, was reported to have cytotoxicity
(Abdel-Salam et al., 2018; Al-Snafi, 2013), anticancer
(Shahbipour et al., 2017), antimicrobial (Al-Snafi,
2013; Mert et al., 2010), anti-influenza (Sargin, 2021),
antioxidant (Abdel-Salam et al.,, 2018; Dar et al.,
2017; Kordali et al.,, 2020; Lee et al., 2018), anti-
hyperglycemia (Dar et al.,, 2017), hepatoprotective
effects against paracetamol induced toxicity (Hussain
et al., 2014), and curative / protective activity in rats
with urolithiasis by decreasing the calcium oxalate
deposits; which thought to be in relation with the
anti-inflammatory  and  diuretic effects  of
mucilaginous and polysaccharides in the herb
(Ahmadi et al., 2012). Antitussive, antimicrobial, and
anti-inflammatory effects were mentioned for Althaea
officinalis (Al-Snafi, 2013). Alcea pallida was reported
to have some antimicrobial activity (Ertas et al.,
2016), anti-influenza (Sargin, 2021), expectorant and
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show that Alcea apterocarpa acetone extract has a
strong radical scavenging (Ertas et al., 2016), and
similar activity was reported for Alcea hyrcana
Grossh (Zakizadeh et al., 2011). Other studies
reported anti hyperlipidemia and anti-
hypercholesterolemia of Alcea angulata root ethanolic
extracts (Fahimi et al., 2012; Fahimi et al., 2018). The
in vivo studies indicated that Alcea Aucheri show an
anxiolytic-like and sedative effects (Mombeini et al.,
2017) anticonvulsant effects (Mombeini et al., 2020).

On the other hand, the ethnobotanical studies show
that different parts of Alcea calvertii are used for its
anti-inflammatory effect especially for cold, and for
skin disorders, kidney stones, wurinary system,
pulmonary and stomach disorders. Alcea calvertii has
been used mainly by the total herb, the aerial parts
or the roots decoction (Ahmed et al., 2016; Altundag
and Ozturk, 2011; Azab, 2016; Sargin, 2021), by the
infusion of aerial parts, the total herb, the flowers
and leaves (Altundag and Ozturk, 2011; Azab, 2016;
Dalar et al., 2018; Sargin, 2021) or directly as a
powder (Dalar et al., 2018). Additionally, it was
shown that Alcea calvertii and other 9 of the Alcea
genus in the Malvaceae family were frequently used
because of their anti-urolithatic activity (Azab, 2016;
Bozyel and Mert, 2018; Dogan and Tozlaci, 2015;
Mossaddegh et al., 2012).

Previous studies prove that herbs with anti-
urolithatic effects like Bergenia ciliata
(Saxifragaceae) (Byahatti et al., 2013), Pinus elderica
(Pinaceae) (Hosseinzadeh et al., 2010) and Aerva
lanata (Amaranthaceae) (Saravanasingh et al., 2016)
also have antioxidant, anti-bacterial and anti-
inflammatory effects (Ahmed et al., 2016; Altundag
and Ozturk, 2011; Konczak et al., 2014). Based on
these data on the plant we hypothesized that Alcea
calvertii might have an antioxidant effect. To test this
hypothesis; the antioxidant activities of extracts have
been determined by total phenolic content (TPC),
ferric reducing antioxidant power (FRAP), cupric
reducing antioxidant capacity (CUPRAC), and 2,2-
diphenylpicrylhydrazyl (DPPH) radical scavenging
activity. Besides that, the cytotoxic effect of Alcea
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calvertii extracts was evaluated using MTT assays in
the human lung cancer cell line (A549).

MATERIAL and METHOD

Material

MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazo
lium bromide), dimethyl sulfoxide, acetic acid,
acetonitrile, methanol, Trolox (6 hydroxy—2,5,7,8-
tetramethylchroman—2-carboxylic acid), TPTZ (2,4,6-
tripyridyl-s-triazine), trypan blue, and Folin-
Ciocalteu’s phenol reagent were purchased from
Sigma Aldrich (St. Louis, MO, USA). Fetal bovine
serum, Trypsin/ EDTA solution, antibiotic solution,

and cell culture medium were purchased from
Multicell Wisent (Quebec, Canada).

Herbal Extraction

Alcea calvertii were collected in July 2017 from the
Erzincan (Turkey) and identified by Professor Ali
Kandemir. The voucher specimens were kept in the
herbarium of Erzincan University, Faculty of Science
(Herbarium number: 10955). The aboveground parts
of Alcea calvertii were dried in the shade, powdered
in the grinder. 250 g of powder was extracted with
1000 mL methanol, water, chloroform, and ethyl
acetate with continuous stirring for 24 hours at room
temperature. The extracts filtered using Whatman
No. 1 filter paper. The water phase and the
methanolic phase were concentrated at 40°C under
reduced pressure using a rotary evaporator. Plant
extracts from the evaporator were used to prepare
solutions at a concentration of 1, 5 and 10 mg mL!
(Giiner et al., 2019).

Antioxidant Activity

DPPH -+ Radical Scavenging Activity: DPPH radical-
scavenging activity evaluation is based on the
antioxidant’s DPPH cation radical scavenging
capacity (Molyneux, 2004). Briefly, 0.75 mL of DPPH
reagent (0.1 mM in methanol) was added to 0.75 mL
of all samples and standard, vortexed vigorously, and
incubated for 40 mins at room temperature in the
darkness. The discoloration of DPPH was measured
spectrophotometrically at 517 nm. All measurements
were carried out in triplicate. The DPPH+ scavenging
percentage was calculated using the formula (1):

DPPH-
100(1)

where, AO is the absorbance of the control, and Al is
the absorbance of the sample extracts. The
exponential regression equation obtained after
plotting the DPPH scavenging percentage as a
function of concentration (mg mL1) was used to
calculate the ICso, indicating the concentration of
samples giving rise to 50% scavenging of DPPH
radicals.

scavenging percentage=((A0 — A1)/A0)x
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Total Phenolic Content (TPC): The total phenolics
amount in extracts was determined using the Folin-
Ciocalteu procedure (Maiti et al., 2011; Singleton and
Rossi, 1965). Phenolic compounds with Folin-
Ciocalteu reagent form a blue color complex in an
alkaline environment. This blue color can then be
measured using the spectrophotometer, giving the
total phenolic content. Gallic acid was used as a
standard, and the total phenolics were expressed as
ug of gallic acid equivalents (GAE) per g of sample.
For that, 0.05 mL of each sample were placed into
test tubes and mixed with 0.25 mL of 0.2 N Folin-
Ciocalteu reagent and 0.75 mL of 7.5% sodium
carbonate. Tubes were incubated for 2 h at room
temperature, then the absorbance was read at 765 nm
spectrophotometrically. The test was carried out in
triplicate.

Ferric Ion Reducing Antioxidant Power (FRAP):
Ferric ion reducing antioxidant power (FRAP) assay
is based on the measurement of the iron-reducing
capacities of the extract (Benzie and Strain, 1996;
Korkmaz et al., 2014). FRAP reagent was obtained by
combining 25 mL of 0.3 M acetate buffer at pH 3.6
with 2.5 mL of 10 mM 2,4,6-tripyridyl-S-triazine
(TPTZ) solution in 40 mM HCI and 2.5 mL of 20 mM
FeCl3.6H20. Next, 0.05 mL of the samples was mixed
with 1.5 mL of the freshly produced FRAP reagent
and incubated at room temperature for 20 min.
Absorbance was measured at 595 nm. The assay was
carried out in triplicate. Trolox (in ethanol, at
concentration 62.5 — 1000 pM) was used as standard
and treated similarly. FRAP values were expressed as
pM Trolox equivalent of g sample.

Cupric Reducing Antioxidant Capacity (CUPRAC):
Reducing Mass levels of Antioxidant Capacity
(CUPRAQC) of the extracts was investigated using the
method described previously (Apak et al., 2006;
Dogan and Tuzlaci, 2015). Briefly, 1 mL of CuCl:
solution (1.0 x10-2 M), 1 mL of neocuproine solution
(7.5 x103 M) and 1 mL of ammonium acetate buffer
solution were added to a test tube and mixed. 0.5 mL
samples or standard solutions were added and
incubated for 30 minutes at room temperature. The
absorbance was measured at 450 nm. The test was
done in triplicate. The CUPRAC values were
expressed as uM Trolox equivalent per gram of
sample.

Cytotoxic Activity (MTT Test)

Human lung cancer A549 cell line was obtained from
the American Type Culture Collection (CRL-1571TM,
ATCC, USA). The cells were cultured in DMEM/F12
medium (Hyclone) containing 1% penicillin and 10%
fetal bovine serum (FBS) at 37°C in 5% CO:z and 95%
O2 humidified cell incubator. When the growth of cell
monolayer reached 70%-80% confluence, 0.25%
trypsin was used for digestion and passage.



KSU Tarim ve Doga Derg 25 (5): 955-964, 2022
KSU J. Agric Nat 25 (5): 955-964, 2022

Aragtirma Makalesi
Research Article

The cytotoxicity of the extracts was evaluated by MTT
assay which investigates the mitochondrial activity in
the cells. The assay principle is that, in the presence
of an electron-coupling reagent, the yellow water-
soluble tetrazolium salt MTT, 3-[4,5-dimethylthiazol-
2-y1]-2,5- diphenyl-tetrazolium bromide, is reduced to
an insoluble purple formazan product by
mitochondrial succinate dehydrogenase, which
belongs to the mitochondrial respiratory chain and is
only active in the viable cells (Abudayyak et al., 2015;
Alley et al., 1988).

For that, the cells were seeded in 96-well plates at 104
cells per well and allowed to attach overnight. Cells
were treated with different concentrations (3.125,
6.25, 12.5, 25, 50 and 100 mg mL!) of herb extracts in
DMSO. At the end of the exposure period (24 hours),
25 pL of MTT solution (5 mg mL1) was added to each
well and incubated for a further 2 hours. After that,
the supernatant was carefully aspirated, and the
formazan crystals were dissolved in 100 uL. DMSO.
The optical density (OD) of the formazan product was
read at 590 nm against the reference wavelength of
670 nm using a microplate reader. In every test,
negative (untreated, culture medium) and solvent (1%
DMSO) controls were used. Independent experiments
were done in triplicate and repeated 3 times (n=9).

The inhibition concentration (IC) value was
calculated as the percentage of solvent controls
according to the formula (2), results were expressed
as 50% inhibition concentration (ICs0), the
concentration of samples that caused a 50% inhibition
of enzyme activity in the cells.

Inhibition (%) = 100 — [(corrected mean OD sample X
100)/corrected mean OD solvent control] 2)

Statistical Analysis

Statistical analyses were carried out by one-way
ANOVA Post Hoc Dunnett’s test using SPSS v.20 for
Windows (SPSS Inc., Chicago, IL). Data was
expressed as mean =+ standard deviation (SD). A two-
tailed p<0.05 was considered to indicate a statistically
significant difference  (Abudayyak et al.,, 2015;
Alpertunga et al., 2014).

RESULTS
Antioxidant Activity

Several mechanisms are often used to explain the
antioxidant potential of a substance or a complex
mixture; The main mechanisms involve the free
radical scavenging, reduction capacity, and metals
chelation as DPPH, CUPRAC, FRAP and TPC tests
were used in this study to evaluate the antioxidant
potential of herb extracts.

DPPH + Radical Scavenging Activity: DPPH radical
scavenging activity was found to be concentration-
dependent (Table 1). All the extracts were found to
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have radical scavenging activity of DPPH, the ICso
values of the extracts ranged from 0.0089 to 3.5370
mg mL1. Results show that MeOH extract of Alcea
calvertii at a concentration of 10 mg mL1 with the
lowest ICs0 value (0.0089 + 0.0003 mg mL1) exhibits
the highest antiradical activity against the DPPH free
radical, while the CHCls extract at a concentration of
1 mg mL-thas the lowest activity with an ICso value of
3.5370 = 0.0145 mg mLt. The ICso value of BHT used
as the standard compound was 0.0325 mg mIt. In
conclusion, the antioxidant effect of Alcea calvertii is
36.5 times greater than that of synthetic antioxidant
BHT (Table 1).

Total Phenolic Content (TPC): The different extracts
of Alcea calvertii gave TPC values with a total
antioxidant capacity ranging between 62.50 and
414.58 GAE pg mLl. The antioxidant capacity was
increased as the concentration of samples increased
and samples with a concentration of 10 mg mL! have
the highest antioxidant capacity. Besides that, MeOH
extract showed higher antioxidant capacity than the

other extracts, while EtAc extracts had the lowest
(Table 1).

Ferric Ion Reducing Antioxidant Power: Alcea
calvertii extracts gave FRAP values with a total
antioxidant capacity ranging between 115.71 and
1321.43 pM Trolox equivalent gl. the antioxidant
capacity was increased in a concentration-dependent
manner. Also, MeOH extract showed higher
antioxidant capacity than the other extracts and the
CHCI; extract had the lowest (Table 1).

Cupric Reducing Antioxidant Capacity: The extracts
of Alcea calvertii gave CUPRAC values with a total
antioxidant capacity ranging between 177.14 and
2102.38 uM Trolox equivalent gl. The antioxidant
capacity was increased as the concentration of
samples increased, samples with a concentration of 10
mg mL?! have the highest antioxidant capacity.
Besides that, MeOH extracts showed the highest
antioxidant capacity and the CHCls extract had the
lowest (Table 1).

Cytotoxic Activity

In the current study, different extracts of Alcea
calvertil were evaluated for their cytotoxic potentials
on A549 cell lineusing MTT assay. The tested
concentrations were established based on the
maximum permissible concentrations of the test
conditions; and the following concentrations were
used 3.125, 6.25, 12.50, 25.00 50.00 and 100.00 pg
mL1,

The ICso values were calculated to 36.82; 47.5; 62.64
and 50.47 pg mL! for MeOH, water, EtAc, and CHCIs
extracts, respectively. Results showed that MeOH
extract had the highest cytotoxic activity while EtAc
extract showed the lowest (Figure 1).
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Control cells were exposed to 1% DMSO. The
statistical evaluation was performed by one-way
ANOVA Post Hoc Dunnett’s test, compared to the

control group. The results were expressed as the
means. Error bars represent +standard deviation, (*
p< 0.05).

Table 1: The antioxidant activities of Alcea calvertii extracts
Cizelge 1: Alcea calvertii ekstrelerinin antioksidan aktiviteleri

extracts ekstreler mg mL? TPC FRAP CUPRAC DPPH
GAE ug g’ (TE uM g*) (TE uM g*) (mg mL1)
Methanol Metanol 1 82.92 + 1.47 510.00 + 3.35 355.24 + 2.37 0.2311 £ 0.0025
5 192.5+£2.25 719.52 +5.11 847.14 + 3.46 0.1022 + 0.0021
10 41458 £2.7 1321.43 + 6.4 2102.38 + 7.6 0.0089 + 0.0003
Water Su 1 64.17 + 0.92 359.05 £ 1.52 260.48 +£ 1.58 0.3366 + 0.0041
5 127.5 £ 2.02 520.48 + 3.48 603.33 £ 1.68 0.2635 £ 0.0027
10 313.33+2.4 964.76 £ 5.27 1029.05 + 5.4 0.0563 + 0.0012
ethyl Etil asetat 1 62.50 + 0.73 160.48 + 1.64 289.52 + 1.96 2.6722 £ 0.0135
acetate 5 170.83 £ 1.2 315.71 £ 2.31 361.43 +£ 2.64 1.8282 + 0.0127
extract 10 27417 £1.3 454.29 + 3.14 657.14 + 3.63 1.5779+0.0115
chloroform | Kloroform 1 78.33 £ 0.67 115.71 £ 1.20 177.14 +1.82 3.5370 + 0.0145
5 127.1+£1.39 167.14 +£ 1.63 204.29 £ 2.72 1.9159 + 0.0093
10 228.3 £ 1.47 504.29 + 3.24 310.00 £1.39 1.3909 + 0.0078
BHT BHT 0.0325 + 0.009

results were expressed as the means +standard deviation .
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Figure 1: The cytotoxic activity of Alcea calvertiiby MTT test in A549 cell line.
Sekil 1: A549 hiicre hattinda MTT testi ile Alcea calvertii 'in sitotoksik aktivitesinin degerlendirmesi.

DISCUSSION

About 70-80% of the world's population benefits from
treatment with herbal resources. Especially in
folkloric as Chinese medicine, herbs have been using
as a medicine for the treatment of many diseases
including cancer (Lau et al., 2004; Pan et al., 2010).
Furthermore, herbal medicinal products have been
using as remedies in both Eastern and Western
cultures for hundreds of years (Chan, 2003).

People are exposed to the harmful effects of reactive
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oxygen species (ROS) by many sources. While ROS
are produced by organisms that survive as a result of
normal cellular metabolism  (Halliwell and
Gutteridge, 1999), the endogenous defense system of
the human body shows weak effects against ROSs,
depending on both aging and environmental factors.
As a result, many of the components in the body are
damaged and all of this is the cause of degenerative
diseases.

Since ROS harms the organism depends on the
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amount; When their amount is low or medium level,
they do not continue to function physiologically and
harm the organism. However, when ROS levels
increase, they can create harmful effects on cell
components such as DNA, protein, and lipid (Marnett,
1999; Valko et al., 2006). Oxidative stress caused by
the shift of oxidant / antioxidant balance towards
oxidants; causing cancer, neurological disorders
(Lyras et al., 1997; Sayre et al., 2001), atherosclerosis,
hypertension, ischemia/perfusion (Dhalla et al., 2000;
Kasparova et al., 2005), diabetes and various lung
diseases as pulmonary disorders, chronic obstructive
lung disease (Asami et al., 1997). However, besides
the protective antioxidant defense systems in the
organism that neutralize these free radicals (Valioglu
et al., 1998), components such as phenolic compounds
and flavonoids found in plants are natural
antioxidant agents play an impartment role in the
defense against the free radicals. These components
are known to have antimicrobial, anti-inflammatory,
antiallergic, anti-inflammatory, anticarcinogenic,
cytotoxic activities in addition to their antioxidant
activities (Dillard and German, 2000; Prior, 2003; Rao
et al, 2007). Phenolic compounds have been
suggested to contribute by regulating carcinogen
metabolism, inhibiting DNA binding, inducing
apoptosis, and inhibiting the survival of cancer cells
(Huang and Chai, 2010; Demir et al., 2017). For this
reason, the demand for exogenous antioxidants is
gradually increasing for the body to cope with
oxidative stress (Zaporozhets et al., 2004).
Epidemiological studies indicated that plant-weighted
nutrition affects positively the human health and that
this form of nutrition makes the human body more
resistant to many diseases related to oxidative stress
(Manach et al., 2005).

In this study, TPC, FRAP, CUPRAC, DPPH methods,
which are widely used in determining antioxidant
activity, were performed (Sener et al., 2018). Results
show that the highest TPC, FRAP, CUPRAC and
DPPH values of the Alcea calvertii methanolic extract
(10 mg mL1) were found to be 414.58 = 2.71 g gallic
acid equivalent g1, 1321.43 + 6.39 puM Trolox
equivalent g1, 2102.38 + 7.56 uM Trolox equivalent g
1. and 0.0089 + 0.0003 mg mL!, respectively. The
DPPH antioxidant effect of Alcea calvertii methanolic
extract was found to be approximately 36 times
greater than the effect of BHT, a synthetic
antioxidant. Similar to this data, several studies
indicate the antioxidant activity and free radical
scavenging activity of different Alcea species. Studies
have also reported that there is a powerful association
between TPC and antioxidant activities (Giorgi et al.,
2005; Scalzo et al., 2005). In a new study by Keser et
al., (2020), the methanol, ethanol, and water extracts
of Alcea calvertii flowers were evaluated for
antiradical-antioxidant and antimicrobial and other
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activities. Their results indicate that the extracts at
500 pg mL! concentration show antioxidant activity
but lower than Trolox the standard, and the extracts
have a great antimicrobial activity against different
microorganisms (Keser et al., 2020). In a study by
Tusevski et al (2004), they found the total phenolic
content of the flowers of Alcea pallida 10.90 = 0.36 mg
GAE g! dry weight (DW), CUPRAC value 52.89 +
1.08 pmol TE g'! DW, DPPH value 56.73 + 0.68 pmol
TE g! DW (Tusevski et al., 2004). Qader and Awad
(2014) have demonstrated the aqueous extract of
Alcea kurdica has potent free radical scavenging
activity of 64% + 1.64% and ferric reduction capacity
of 2955.0 = 0.04 mmol g1, as well as having 88.0 +
0.002 mg gallic acid equivalents g-1 plant extract.
They have reported the TPC value of A. kurdica was
80 + 0.98 mg gallic acid equivalents g'! of the extract
(Qader and Awad, 2014). In similar to this study
findings, Qader et al. reported that the potent radical
scavenging effect is positively associated with the
high content of phenolic components (Qader et al.,
2011).

Alcea setosa, one of Alcea species that widely used in
the Mediterranean folk-medicine for kidney stone,
urinary tract disorders and pulmonary diseases, was
evaluated by Alhage & Elbitar (2019) and weak
antioxidant activity of was reported (Alhage and
Elbitar, 2019). Azadeh et al., (2020) evaluate the
radical scavenging activity of three Alcea species
Using DPPH assay, and they found a high scavenging
activity in A. aucheri var. aucheri (ICs0 34.06 pg mL)
(Azadeh et al., 2020). Anlas et al., (2017) reported
that the total amount of phenol content and the
DPPH radical scavenging activity of Alcea
apterocarpa (FENZL) BOISS, one of the Turkey
endemic herbs, varied according to extraction method,
and TPC ranged from undetectable to 33.28 + 2.55 mg
gallic acid g! dry weight, while the ICs0 of DPPH
radical scavenging activity test was 379.7+2.00
1820+2.15 pg mL ! (Anlas et al., 2017).

Abdel-Salam et al., (2018) isolated six flavonoids from
the flowers of Alcea rosea L. and evaluated their
antioxidant, Immune stimulant, and cytotoxicity
potential in HepG-2 hepatocarcinoma cells and
normal peripheral blood mononuclear cells (PBMC);

Their results indicated a significant immune
stimulant activity for some compounds and
significant  antioxidant  activity for  others.
Additionally, the isolated flavonoids showed

cytotoxicity against the cells with ICso arranged
between 3.82 to 374.75 pg mL! in HepG-2 cells and
58.46 to 193.49 in PBMC cells; They also reported a
high selectivity towards the cancer cells for
kaempferol-3-0-B-d-glucopyranoside the flavonoid
with the highest cytotoxicity (Abdel-Salam et al.,
2018). Yaglioglu et al., (2016) evaluated its methanol
extract against brain tumor C6 cells an human
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cervical cancer HeLa cells and the ICso values were
37.63 and 14.48 pg mL1, respectively. For the same
herb, Kalemba-Drozdz & Cierniak (2019) found that
100-folds diluted 1% flower tincture did not induce
any cytotoxicity in human peripheral blood cells after
treatment for 1& 24 h (Kalemba-Drozdz and
Cierniak, 2019; Yaglioglu et al., 2016). Mert et al.,
(2010) used the brine shrimp lethality test to evaluate
the toxicity of Alcea rosea L. extracts. They found
that LCso was 545.4 pg mL1! for ethyl acetate extract
and higher than 1000 pg mL! for methanol, ethanol
and hexane extracts (Mert et al., 2010).

The malvidin-3,5-diglucoside that isolated from Alcea
longipedicellata show a concentration-dependent
cytotoxicity after 24h exposure period in AGS-C131
cells and the ICs0 value was 140.6 pM (Karamani et
al., 2008).

Qader and Awad (2014) evaluated the aqueous
extract of Alcea kurdica Alef for the cytotoxicity
potential in human normal fibroblast Hs888Lu cell
line by Promega Cell Titer 96 AQueous Non-
Radioactive Cell Proliferation MTS assay and
reported no cytotoxicity at concentrations up to 2000
pg mL1 (Qader and Awad, 2014). Similarly, Alcea
setosa dichloromethane and methanol (1:1, v/v)
extract was reported that to have “no toxicity” in
L929sA, MCF7 and MDA-MB 231 cells lines after 24
h (Kaileh et al., 2007),

Esmaeili et al., (2016) evaluated the cytotoxicity of
Alcea calvertii (Boiss.) methanolic extract against
HepG-2, MCF-7, HT-29 and A549 cell lines at
concentrations between 3.125 to 100 pg mL7;
However, the ICso values could not be calculated at
the tested concentration (Esmaeili et al., 2016). In the
present work, the ICso value of methanolic extract
calculated to be 36.82 pg mLl. This difference could
be explained by the differences in the season of
collection, the collection area, or the used part.

Keser et al., (2020) evaluated the antiproliferative
activity of Alcea calvertii flowers methanol, ethanol,
and water extracts in MCF-7, HCT-116 and LNCaP
cell lines. The ICso values of extracts calculated to be
15.25 — 25.17 pg mL't MCF-7, 9.89 — 11.84 pg mL! in
LNCaP and 10.78 — 20.08 ng mL1! in HCT-116 cells,
where methanol extracts the potent in LNCaP cells
and water extract in the other cell lines (Keser et al.,
2020). Similarly, in the present study the methanol
extract is the most potent in A549 cells, and ICso
values calculated to be 36.82; 47.5; 62.64 and 50.47 pg
mL1! for MeOH, water, EtAc, and CHCl3 extracts,
respectively; Which confirm with the antioxidant
activity results, since methanol extract show the
highest radical scavenging activity and contains the
highest amount of TPC, and also exhibit the best
activity by FRAP and CUPRAC assay. Results show
also close antioxidant activity of ethyl acetate and
chloroform extracts which was lower than other
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extracts activity and parallel with cytotoxicity
activity.
CONCLUSION

Nowadays, the usage of herbal products was increase
dramatically. Besides the traditional uses, herbs have
been used in the development of modern drugs. Alcea
calvertii is one of commonly used herbs in Turkey and
Middle East countries for treat different diseases like
anti-urolytic. From the previous data it was noticed
that herbs with anti-urolytic activity also show
antioxidant activities; For that, in this work it was
hypothesized that Alcea calvertii has an antioxidant
activity. Additionally, as a preliminary study of
antineoplastic activity, the cytotoxic potential of Alcea
calvertii extracts was estimated by MTT assay in
human lung cancer cells. This study is the first work
that evaluates the antioxidant potential and cytotoxic
of Alcea calvertii in human lung carcinoma cells. The
present results showed that the different extracts of
Alcea calvertii have a cytotoxic activity against A549
cells and as we hypothesized, similar to the other
anti-urolytic herbs as Bergenia ciliate, Pinus elderica
and Aerva lanata, Alcea calvertii, has good
antioxidant activity. The antioxidant activity values
that obtained from this study are compatible with the
literature data. It is thought that the characteristics
of the soil on which the plant is grown, the climatic
characteristics of the region where the plant is
collected, the height differences on which the plant
grows, and the type of solvent used are different.
Therefore, the antioxidant capacity of Alcea calvertii
could be related to its phenolic content. Alcea calvertii
could be researched in order to develop new drugs.
For that, more pharmacognostic, in vivo and In vitro
studies are required to obtain active compounds of the
herb and to investigate their pharmacological effects
and to evaluate its safety.
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OZET

Bu ¢alismada, bitki ekstrelerinde oksidatif stres biyobelirtegleri igin
yontem performansinin kabul edilebilirligini degerlendirmek i¢in
biyolojik varyasyonlar ve analitik kalite spesifikasyonlarinin
saptanmas1 amaclandi. Arastirmada Silybum marianum (Deve
Dikeni) ve Artemisia absinthium (Pelin Otu) kullanmildi. Bitkilerden
0,1., 3., 5., 7., 15. ve 30. gunlerde 6rnekler alindi. Bitki ekstrelerinde
oksidatif stres biyobelirtecleri [katalaz (CAT) superoksit dismutaz
(SOD) ve malondialdehit (MDA)] spektrofotometrik yéntemlerle
olgtildii. Her bir bitkinin kendi-iginde (CVI) ve bitkiler-aras1 (CVG)
varyasyonlarindan bireysellik indeksi (BI) ve referans degisim degeri
(RDD) hesaplandi. Ayrica analitik kalite spesifikasyonlar: olarak
impresizyon, bias ve toplam hata hesaplandi. Calismamaizda,
Artemisia absinthium’a kiyasla Silybum marianum'da daha yiksek
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Anahtar Kelimeler

Oksidatif Stres Biyobelirtegleri
Yontem Performansi

Biyolojik Varyasyonlar

Artemisia absinthium

Silybum marianum

antioksidan enzim aktiviteleri (SOD ve CAT) ve daha diisiik MDA
diizeyleri tespit edildi (p<0.05). Bitkilerde MDA diisiik bireysellik
gosterdi ve. MDAmin CVI'sti CVG'den daha buylukti. Bununla
birlikte, CAT ve SOD glgli bir bireysellik gosterdi, ancak
bitkilerdeki CVI'lar1i CVG'lerden daha kiigikti. CAT ve SOD
disinda, MDA analitinin RDD'leri, yiiksek CVI nedeniyle nispeten
daha yiiksekti ve bu da daha yliksek bir RDD ile sonuglandi. Ayrica
aciklanan metodoloji, tim analitler i¢cin <%3.5 analitik CV ile bu
hedeflere ulasir. Bias ve toplam hata hedefleri sirasiyla %11.2-25.2
ve %8.93-27.6 idi. Bitkinin anormal bir fizyolojik stirecle sonuglanan
bazi nedensel ajanlar tarafindan hastalandigini tahmin etmeye
yonelik RDD konsepti, laboratuvar optimizasyonunu gostermede
degerli bir ara¢ olabilir. Ayrica, bitkilerde oksidatif stres
biyobelirteclerinin 6l¢timleri i¢in biyolojik varyasyona dayali istenen
kesinlik hedefleri, mevcut metodolojilerle elde edilebilir.

Evaluation of Method Performance and Biological Variations for Oxidative Stress Biomarkers in Plant
Extracts: A Method Validation Study

ABSTRACT Biochemistry

In this study, it was aimed to determine biological variations and

analytical quality specifications to evaluate the acceptability of Research Article

method performance for oxidative stress biomarkers in Silybum . .

marianum (Milk thistle) and Artemisia absinthium (Wormwood) Artlc.le Hlstory'

plant extracts. Silybum marianum and Artemisia absinthium were Received 17.09.2021
used in the study. Samples were taken from plants on the zero, 1st, Accepted +05.11.2021
3rd, 5th, 7th, 15th and 30th days. Index of individuality (II) and e i

reference change value (RCV) were calculated from within-subject
(CVD and between-subject (CVG) variations. Moreover, imprecision,
bias and total error were -calculated as analytical quality
specifications. Oxidative stress biomarkers [catalase (CAT),
superoxide dismutase (SOD) and malondialdehyde (MDA)] in plant
extracts were measured as spectrophotometric methods. Compared

Oxidative Stress Biomarkers
Method Performance
Biological Variations
Artemisia absinthium
Silybum marianum
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to Artemisia absinthium, higher antioxidant enzyme activities (SOD
and CAT) and lower MDA levels in Silybum marianum were found in
our study (p<0.05). MDA in plants showed low individuality, and
CVI of MDA were larger than CVG. However, CAT and SOD in
plants showed strong individuality, but CVI of them were smaller
than CVG. CAT and SOD except, RCVs of MDA analyte were
relatively higher, because of high CVI, resulting in a higher RCV.
Also, the described methodology achieves these goals, with analytical
CVs of < 3.5% for all analytes. Goals for bias and total error were
11.2-25.2% and 8.93-27.6%, respectively. The RCV concept for
predicting that the plant is diseased by some causative agent
resulting in an abnormal physiological process can be a valuable tool

in demonstrating laboratory optimization. Moreover,

desirable

precision targets based on biological variation for measurements of
oxidative stress biomarkers in plants can be achieved with current

methodologies.
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Oner E, Kurutas EB, Demirhan I, Giingér M 2022. Bitki Ekstrelerinde Oksidatif Stres Biyobelirtecleri icin
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Tarim ve Doga Derg 25 (5): 965-973. https://doi.org/10.18016/ksutarimdoga.vi.997048
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Variations for Oxidative Stress Biomarkers in Plant Extracts: A Method Validation Study KSU J. Agric Nat
25 (5): 965-973. https://doi.org/10.18016/ksutarimdoga.vi.997048

GIRIS yoludur (Kurutas,2014, Yiicel, 2014 ve Cokluk, 2019 ).

Validasyon  cihazin, metodun  veya 6l¢im Bitkiler sesil dogalar1 geregi yasam donglleri

prosediriiniin belirlenen amaclara uygunlugunun
objektif olarak test edilerek yazili delillerle
kanitlanmasidir. Analitik metot validasyonu, bir
metodun performansini  belirlemek i¢in yapilan
birtakim degiskenlere gore test ve 6lgme islemleridir.
Cesitli alanlarda verilen pek c¢ok karar, yapilan
6l¢ciimlerin sonucuna dayanilarak verilir. Dogru karar
verebilmek i¢cin analitik 6l¢iim sonucunun dogru ve
tekrarlanabilir olmas1 gerekir. ISO/IEC, ICH, US
EPA, US FDA, USP, cGMP gibi kurumlar tarafindan
belirlenmis ve uluslararast kabul edilen cesithi
validasyon kriterleri mecuttur. Bunlar Dogruluk
(accuracy), kesinlik (precision), ézgiinliikk (specifity),
dogrusallik (linearity), gozlenebilme simnir1 (LOD:;
Limit of Detection), tayin smri1 (LOQ; limit of
quantification), calisma arahigl (range), tutarlihk
(ruggedness), saglamlik ya da kararlilik (robustness)

ve stabilite'dir (Yilmaz, 2012, FDA, 2013,
EURACHEM, 1998).
Analitik performans kriterleri elde etmek igin

biyolojik varyasyonun kullanilmasi, bir test sonucu
icin ne kadar dogal varyasyonun beklendigini
belirlemekle baslar. Her bitki o6rneginde &lgiilen
buyukligin konsantrasyonu, temel veya homeostatik
ayar noktas1 etrafinda degisir. Gézlemlenen toplam
varyasyon, preanalitik varyasyon, analitik varyasyon
ve her bir bitkinin ayni giin igerisinde ve farkh
ginlerde ol¢ilmesiyle olusur. Bir laboratuvar
ortaminda, biyolojik bileseni tek gercek degisken
olarak birakarak preanalitik ve analitik degigkenligi
kontrol edebiliriz. Biyolojik varyasyon; analitik
varyasyonun etkisini belirlemek, bir analizin istenen
performans kriterlerini geligstirmenin basit bir

966

boyunca biuylime ve gelismelerini olumsuz yoénde
etkileyecek bircok stres faktoru ile karsilasirlar.
Biyotik ve abiyotik kékenli olabilen bu stres faktorleri
bitkilerde fizyolojik ve biyokimyasal =zararlar
olusturarak, liriin nicelik ve niteligini olumsuz y6nde
etkileyebilir (Biiyiik, 2012).

Reaktif oksijen tiirleri (ROS) bitkilerde endojen
olarak kloroplastlardaki fotosentez reaksiyonlarinda,
plastit ve peroksizomlarda, mitokondrilerde sitrik
asit sikliisunda, plazma mebraninda bulunan
NADPH oksidaz, peroksidazlar ve amino oksidazlar
gibi enzimlerin etkisiyle olusan en yogun serbest
radikallerdir =~ (Biiyiilk, 2012). Tuzluluk, UV
radyasyonu, kuraklik, agir metaller, asir1 yiiksek ve
dustiik sicakliklar, besin eksikligi, hava kirliligi,
herbisitler ve patojen saldirilar1 gibi biyotik ve
abiyotik stres faktorleri, ROSlarin olusum ve
detoksifikasyon hizi arasindaki dengeyi bozabilir. Bu
da hiicresel yapilarda hasarlara neden olan ROS’larin
hiicre i¢indeki miktarinin hizla artmasina yol agar

(Dogru, 2020). Bitkiler oksidatif stres altinda
yvagsamlarini devam ettirebilmek ve stresle basa
¢ikabilmek i¢in ROSun kontroli ve
detoksifikasyonunu saglayan g¢esitli antioksidan
enzimlere (katalaz, superoksit dismutaz, v.s.)
sahiptirler.

Oksidatif stres biyobelirtegleri, insan ve hayvan
dokularinda, eritrosit ve lokositlerde, serum ve idrar
orneklerinde é&lciilebilmektedir (Hursitoglu, 2021,
Kurutas, 2015, Kurutas, 2016, Kurutas 2009 ve
2005). Bitkilerde bu yoéntemlerin uygulanabirligini
test edilebilmesi i¢in yontem validasyonuna ihtiyag
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vardir. Bitkilerdeki oksidatif stres biyobelirtegleri i¢in
yontem  performansinin  kabul  edilebilirligini
degerlendirmek i¢in analitik kalite spesifikasyonlar:
ile ilgili veriler literatiirde bariz bir sekilde eksiktir.
Bu tir veriler, analitik kalite spesifikasyonlarinin
belirlenmesin; saglikli bitki popiilasyonunda referans
araliklarinin degerlendirilmesinde ve bir bitkiden
(referans degisiklik degeri; RDD) elde edilen seri

sonuglardaki degisikliklerin 6neminin
degerlendirilmesinde 6énemlidir. Ilk defa yapilan bu
calismada  bitki  ekstrelerinde oksidatif stres
biyobelirte¢lerinin Ol¢liilmesinde metod
validasyonunun saglanmasi i¢in; biyolojik
varyasyonlarin saptanmasi ve analitik kalite

spesifikasyonlar: saptanmasi amac¢lanmagtir.

MATERYAL ve METOD
Bu arastirmada kullanilan iki adet bitki tira
(Silybum marianum ve Artemisia absinthium)

Kahramanmarag ili civarindan Aralik 2020-Haziran
2021 tarihleri arasinda toplandi. Tim deneysel
caligmalar, Siit¢ii Imam Universitesi Tip Fakiiltesi
Biyokimya  Anabilim Dali  laboratuvarlarinda
gerceklestirildi.

Laboratuvara getirilen bitki érnekleri steril bir nester
kullanilarak parcaladiktan sonra glines goérmeyen,
oda sicakliginda kurumaya birakildi. Kurutulan bitki
numuneleri toz haline getirilmesi i¢in mekanik
oguticti kullanmildi ve sonra 10 g tartilarak 100 ml
%70lik metanol (Merck) {izerine ilave edildi ve
buzdolabinda (+4 °C) bir giin bekletildi. Bir giin
sonunda numuneler Whatmann No. 1 (Merck) filtre
kagidiyla stizuldikten sonra alkolin tamamen
u¢masi icin ¢okelti oda sicakliginda bir ka¢ dakika
bekletildi. Cokelti 10 ml steril serum fizyolojik ile 5
dakika (3.000 g) santrifiijlenerek (Sorvall RC 2B)
yikandiktan sonra Ust faz uzaklastirildi ve kalint
tekrar %20’lik 5 ml metanolde buzdolabinda (+4 °C)
bir gece Dbekletildikten sonra filtre kagidiyla
stizilerek ekstraksiyon iglemi tamamlandi. Daha
sonra tum bitki ekstraktlari, toplama periyodu
sonunda test edilene kadar -70°C'de saklandi. Elde
edilen bitki ekstrelerinde antioksidan enzim
aktiviteleri (CAT, SOD), lipid peroksidasyon diizeyleri
ve protein igerikleri spektrofotometrik yoéntemlerle
ol¢tldi ve yontem performansi degerlendirildi.

Antioksidan Enzim Aktivitelerinin Saptanmasi
Katalaz (CAT) Aktivitesi

Her bir bitki ekstresinde CAT enzim aktivitesi
Beutler yontemiyle saptandi (Beutler, 1984).
Reaksiyon karisimi icin; 1 M TrissHCI (Tampon
cozelti pH 8.0), 10 mM H202, belirlinen 6l¢iide saf su
ve enzim iceren bitki ekstresinden olusmaktadir.
37°C’de enzimin aktivitesi ile parcalanan H202'in
230 nm’ de 10 dakika streyle her 5 dakikadaki
absorbans  degisimleri  (Shimadzu  UV-1601,
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Shimadzu,  Kyoto, Japonya) dlciilerek  yapildi.
Sonuclar U/mg protein olarak ifade edildi.

Superoksit Dismutaz (SOD) Aktivitesi

SOD aktivitesi her bitki ekstresinde Fridovich
yontemiyle saptandi (Fridovich, 1974). SOD aktivite
tayini icin bitki ekstresi 0.01 M Fosfat tamponu (pH
7.0) cozeltisi ile 65 kat seyreltilerek, bu diliisyonda
aktivite belirlendi. Reaksiyon karigsimi bitki ekstresi,
ksantin ve INT (p-iyodonitrotetrazoliyum viyolet)
iceren karigim substrat ve ksantin oksidazdan olugur.
Kor de numune ile ayni sekilde hazirlandi fakat
numune yerine fosfat tamponu konuldu. 37°C'de
numunenin 505 nm de havaya kars1 ilk 30 saniyedeki
baglangic absorbanslar1 (A1) élciilerek yapildi. Ayni
esnada kronometre ile 3 dakika sonra son
absorbanslar1 (A2) (Shimadzu UV-1601, Shimadzu,
Kyoto, Japonya) élciildii ve degerler standart egriden

degerlendirildi. Sonuclar U/mg protein olarak ifade
edildi.

Lipid Peroksidasyon Diizeylerinin Saptanmasi

Lipid peroksidasyon iiriinii Malondialdehit (MDA)'tir.
Her bir bitki ekstresinde MDA duzeyi Ohkawa
yoéntemiyle saptandi (Ohkawa ve ark., 1979). Lipid
peroksidasyonunun sekonder trini olan MDA’nin
aerobik sartlarda pH 3.4’de tiyobarbitirik asit ile
numunenin inkiibasyonu sonucu pembe renkli
kompleks olusturmasi esasina dayanmir. Olusan renk
siddeti ortamdaki MDA konsantrasyonu ile dogru
orantilidir; 532 nm’de spektrofotometrik olarak
(Shimadzu UV-1601, Shimadzu, Kyoto, Japonya)
6l¢tuldi. MDA sonuglari, nmol/mg protein olarak ifade
edildi.

Protein Diizeylerinin Saptanmasi

Bitki ekstresinin protein icerigi Lowry yontemi ile
saptandi (Lowry ve ark., 1951). Proteinlerin alkali
bakir sulfat ilavesiyle, fosfotungustik asit ile mavi
renkli kompleks olusturma esasina dayanir. Olusan
bu renkli bilesigin ise spektrofotometrede 750 nm
dalga boyunda absorbansi élciilerek (Shimadzu UV-
1601, Shimadzu, Kyoto, Japonya) kantitatif olarak
protein miktarlar: tespit edildi.

Istatistik Analizler

Her bir bitkiden sifirinei, 1., 3., 5., 7., 15. ve 30.
giinlerde olmak {izere yedi oOrnek alindi ve
ekstrasyonlar hazirlanda. Bitki ekstrelerinde

oksidatif stres biyobelirteglerinin duzeyleri 6l¢uldu.
Cochran ve Reed testleri kullanilarak u¢ degerler
¢gikarildiktan sonra logaritmik transformasyonla
déniistiirilmiis veriler (veri transformasyonu ile
dagilim Gaussian forma yaklastirldiktan sonra)
uzerinde varyasyon analizleri yapildi. U¢ degerlerin
¢ikarilmasindan sonra biyolojik varyasyon verileri
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Fraser ve ark. tarafindan yayinlanan yonteme gore
yapildi. (Fraser, 2001, Fraser, 2004, Fraser, 2014,
Fraser, 1994). Analitik varyans (SDA2), asagidaki
formiile gore tekrarlanan Ol¢gimler arasindaki
farklardan hesaplandi .

SDA2=%d?/2n

burada d, tekrarlanan 6l¢timler arasindaki farktir ve
n, tekrarlanma sayisidir. SDA2, ilk numune
konsantrasyonuna goéreli SDA, analitik varyasyon
katsayis1 (CVa) olarak ifade edilir. Her analit icin,
toplam varyansi bitkiler arasi (SD¢?) varyansi ve
toplam bitkinin kendi icindeki varyansi (SDTI?)
bélmek icin tek yonlii varyans analizi (One way
ANOVA) kullanildi. SD1i2 hem biyolojik hem de
analitik bilegenleri igerdiginden, her bir bitkinin
kendi icinde varyans1 (SDI?) asagidaki formiil
kullanilarak cikarilarak elde edildi (Ricos, 2004).
Sr2=Srr -Sa?

Bitkinin kendi i¢inde ve bitkiler aras1 biyolojik
varyasyonlari, her bitkinin homeostatik
ortalamas1  swrasiyla, bitkinin kendi i¢indeki
varyasyon katsayis1 (CV1) ve bitkiler arasi varyasyon
katsayis1 (CVe) kullanilarak ifade edildi. Bitkiler i¢in
bireysellik indeksi (BI), CV/CVc olarak hesaplandi,
burada diisiikk bir deger (<0,60: yiiksek bireysellik)
popllasyona dayali referans araliklarinin duasik
kullanighhigini  goésterirken, yiksek bir deger
(>1,40:diisiik bireysellik) popiilasyona dayali referans
araliklarinin yiksek kullanmiglihigr gostermektedir.
Oksidatif stres biyobelirtec¢lerinin iki seri 6l¢iminiin
p <0,05'te 6nemli 6l¢iide degismesi i¢in gereken fark
olan referans degisim degeri (RDD), asagidaki
formiile gére hesaplandi (Ricos, 2004)

bir

RDD=21/2x Z x (CVa2+CV12)12=2.77CVrr

Z- skoru 1,96 (%95 olasilik, cift yénlii z-skor) olarak
kabul edildi.

Bitkide oksidatif stres biyobelirtegleri igin biyolojik
varyasyon verileri, asagidaki formiller kullanilarak
impresizyon (I), bias (B) ve total hata (TE) i¢in arzu
edilen (desirable) kalite spesifikasyonlarini tahmin
etmek icin kullanildi (Petersen, 2002).

I=0.5CV1
B=0.25(CV2+CVg2)12
TE=1.65(0.25CVD+0.25(CV2+CV¢2) 12

Bu c¢alismada, test sisteminin guvenilirligini
dogrulamak ve sonuclari etkileyebilecek
kullanicilarin performansini ve cevresel kogullari
degerlendirmek amaciyla “in house QC” kontrol
materyali kullanildi. (Yiicel , 2019; Ursula, 2011).
Bitkinin kendi i¢inde ve bitkiler arasindaki ortalama
biyolojik varyasyonlarin farkhiliklar1 F testi ile
kontrol edildi. CAT, SOD ve MDA degerlerindeki
onemli egilimleri kontrol etmek ve bitkinin kendi
icindeki  varyasyonlarin  zamana  bagimhhgim
arastirmak i¢in dogrusal regresyon analizi kullanildi.
Bitkilerde antioksidan enzim aktivitelerini (CAT ve
SOD) ve MDA diizeylerinin karsilastirmalar1 Mann-
Whitney U testi kullanilarak yapildi. p <0,05 degeri
istatistiksel olarak anlaml kabul edildi.

BULGULAR ve TARTISMA

S. marianum'da, A. Absinthiun’a kiyasla daha
yiiksek antioksidan enzim aktivitesine (SOD ve CAT)
ve daha digiik MDA diizeyine sahip oldugu saptandi
(p<0,05). Sonuclar Cizelge 1’de gésterildi.

Cizelge 1. Silybum marianum ve Artemisia absinthium’da oksidatif stres biyobelirteclerinin ortalama, medyan,

standart sapma ve referans degerleri

Table 1. Mean, standard deviation and reference ranges of oxidative stress biomarkers

Plants Analitler Mean Medyan Referans Aralig:
Silybum Marianum SOD 631.33 650 520-770

CAT 117.56 110 50-170

MDA 49.33 56 11-78
Artemisia Absinthum SOD 583.33 590 400-750

CAT 86.11 95 40-150

MDA 54.33 50 25-100

CAT ve SOD enzim aktivite sonuclar1 U/mg protein ve MDA diizeyleri nmol/mg protein olarak verilmigtir.
* Silybum marianum’'da Artemisia absinthium’a kiyasla SOD ve CAT enzim aktivitesi istatiksel olarak anlamli derecede

yiiksek bulundu (p<0,05).

** Silybum marianum ’da Artemisia absinthium’a kiyasla MDA duzeyi istatiksel olarak anlaml derecede dugiik bulundu

(p<0,05).

Cizelge 2de goruldugua gibi, MDA'min CVDs,
CVG’sinden daha buytkti. Buna karsin, CAT ve
SOD'un CVI 1 her iki bitki gruplarinda CVG’' den
daha kiicukti. SOD ve CAT hari¢c, MDA’'min CVI'nin
CVG’den yliksek citkmasindan dolayi, bitkiler de RDD
analitleri de nispeten daha ytliksek bulundu. CAT ve
SOD’un BI sonuglar1 0,6-1,4 arasi bulundugu igin
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yiksek bireysellik gésterdigi ve referans degerlerin
orta diizeyde kullanigh oldugunu saptandi. Buna
kargin, her iki bitkide MDAmin BI sonucu 1.4’den
yiksek ¢ikmigtir. Bu sonu¢ MDAmin distk
bireysellik yani populasyona dayal referansin yluksek
diizeyde kullanigh oldugunu géstermektedir.

Analitik varyasyonu en aza indirmek i¢in her bir
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bitkinin 30 glnlik bir stre icinde elde edilen 30
ornekte ve kontrol materyalinde (in house QC) analiz
edilen seriler arasindaki impresizyon verileri Cizelge
3’te verilmigtir. Bitki ekstrelerinde CAT, SOD ve

MDA o6l¢imiine yonelik laboratuvar yéntemimizin
belirsizligi, istenen kesinlik hedeflerinden daha azd.

Cizelge 2. Silybum marianum ve Artemisia absinthium’da oksidatif stres biyobelirteclerinin biyolojik varyasyon

bilesenleri
Table 2. Biological variation components of oxidative stress biomarkers in Silybum marianum and Artemisia
absinthium
aCV1 (%) bCVa (%) Bl dRDD (%)

Silybum Marianum SOD 14.84 16.83 0.882 2.59

CAT 34.8 35.04 0.993 4.01

MDA 50.21 35.18 1.427 4.25

Artemisia Absinthium SOD 16.26 18.39 0.884 0.97

CAT 40.49 41.15 0.984 1.59

MDA 50.43 35.77 1.410 1.55

CAT ve SOD enzim aktivite sonuclar: U/mg protein ve MDA diizeyleri nmol/mg protein olarak verilmistir.
* aCVI (Birey ici biyolojik varyasyon), bCVg (Bireyler aras1 biyolojik varyasyon), cBI (Bireysellik indeksi) ve dRDD (Referans

degisim degeri)

Cizelge 3. Silybum marianum ve Artemisi absinthum’da

spektrofotometrik olarak olgiilen oksidatif stres

biyobelirteclerinin 6l¢iim kesinligi (precision) (CV)
Table 3. Measurement precision (CV) of oxidative stress biomarkers measured spectrophotometrically in Silybum

marianum and Artemisi absinthum

* Aym Seri Calisma
(Within Batch)

**Farkli seri Calisma
(Between Batch)

Analitler Mean CV(%) Mean CV(%)
Silybum marianum SOD 633.45 12.82 650.00 16.82
CAT 115.42 35.74 109.68 35.01
MDA 50.12 48.55 50.63 36.74
Artemisia absinthum SOD 582.78 17.01 584.75 18.39
CAT 85.96 41.50 80.49 41.15
MDA 55.02 51.32 68.86 45.77

* Within batch imprecision; havuzlanmag bir bitki 6rneginin ayni giin i¢inde 10 kez analiz edilmesiyle hesaplanmagtar.
** Between Batch; istatistiksel analiz béliimiinde agiklandigi gibi, her bir bitkinin 30 gunlik bir stre i¢inde elde edilen 30
érnekte ve kontrol materyalinde (in house QC) analiz edilen seriler arasindaki belirsizlik imprecision) verileri)

Her bir analit (CAT, SOD, MDA) icin, laboratuvar
yonteminin belirsizligi ve Dbiyolojik varyasyon
verilerinden elde edilen I, B ve TE icin istenen
analitik  kalite spesifikasyonlar1  Cizelge 4'te
sunulmustur. Her iki bitkide tiim analitlerin (CAT,
SOD ve MDA) analitik varyasyonlar: istenilen
ozellikteki analitik kalite spesifikasyonlarina ulagtig:
gorillmektedir. Ozellikle biitiin analitler (CAT, SOD
ve MDA) icin CVA ile I degerleri benzer oldugu
gorilmektedir. Bunun yanmisira, S. marianum ve A.
Absinthiun’da SOD haricinde CAT aktivitesi ve MDA
diizeylerinin CVA’s1 ile B'nin benzer olmasi, istenilen
hedeflerden sapmanin olmadigini isaret etmektedir.
Cizelge 4’deki her iki bitki tiirtinde izin verilen hata
(en fazla %1.86) diizeyinin altindadir. Elde edilen
%CV degeri de onerilen maksimum %CV’nin (%1.0)
altindadir.

Regresyon analizinde, her iki bitkide 30 glin boyunca
CAT ve SOD aktivitelerinde ve MDA dizeylerindeki
degisiklikler i¢in herhangi bir egilim gostermedigi
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saptanda.

Bildigimiz kadariyla, bitki orneklerinde oksidatif
stres biyobelirteclerinin (CAT, SOD ve MDA) biyolojik
varyasyonlarina iligkin verilerin belirlenmesini ve
uygulanmasimi  gergeklestiren  i1lk  c¢aligmadir.
Bitkilerdeki oksidatif stres biyobelirtecleri igin
yontem  performansinin  kabul  edilebilirligini
degerlendirmek i¢in analitik kalite spesifikasyonlari
(I, B, TE) ile ilgili veriler literatiirde bariz bir sekilde
eksiktir. Bu c¢alismada, S. marianum ve A.
absinthium bitki ekstrelerinde antioksidan enzim
aktivitelerinin (CAT ve SOD) ve lipid peroksidasyon
diizeylerinin o6l¢ilmesi ve yoéntem performansinin
degerlendirilmesi i¢in analitik kalite spesifikasyonlari
saptanda.

Bitkilerde antioksidan kapasiteyi 6l¢gmek i¢in bugiine
kadar cok sayida yontem gelistirilmistir (Albayrak,
2010). Toplam antioksidan kapasitenin é&lciilmesini
saglayan yontemler, hidrojen atomu transfer (HAT)



KSU Tarim ve Doga Derg 25 (5): 965-973, 2022
KSU J. Agric Nat 25 (5): 965-973, 2022

Aragtirma Makalesi
Research Article

reaksiyonlarina dayanan yontemler ve elektron
transferine (ET) dayanan yoéntemler olmak {izere
ikiye ayrilabilir. HAT temelli yontemlerin bircogu
azobilesiklerin  bozulmasi1 ile olugsan peroksil
radikalleri i¢in antioksidan ve substratin rekabetine
dayanan yarismaci reaksiyonlar: kullanmaktadir. Bu

yontemler oksijen radikal absorbans kapasite
(ORAC), toplam radikal yakalayici antioksidan
parametre (TRAP) ve krosin beyazlatma yéntemlerini
icermektedir. ET temelli yontemler antioksidanin
oksidani indirgeme yetenegini renk degisimi ile dlger.

Cizelge 4. Silybum marianum ve Artemisia absinthium’da analitik varyasyon (CVA), belirsizlik (I), sapma (B) ve
biyolojik varyasyondan kaynaklanan total hata (TE) sonuclar:
Table 4. Analytical variation (CVA), uncertainty (I), deviation (B) and total error (TE) results from biological
variation in Silybum marianum and Artemisia absinthium

Istenen Ozellikler

Yontem Belirsizligi

(Desirable specifications) (Method imprecision)
1(%) B (%) TE (%) CVa (%)

Silybum Marianum SOD 7.42 11.2 8.93 7.4

CAT 17.4 17.0 18.71 17.4

MDA 25.1 25.1 26.97 25.11
Artemisia Absinthium SOD 8.13 12.28 9.78 8.13

CAT 20.25 20.25 21.7 20.25

MDA 25.22 25.2 27.6 25.22
Renk degisiminin derecesi oOrneklerin antioksidan bircok bitkide c¢esitli stres kosullar1 altinda
konsantrasyonu ile alakalidir. ET temelli yéntemler gerceklestirilen calismalarda SOD aktivitesinde

toplam Folin Ciocalteu ayiraci ile toplam Fenolik
yontemi (FCR), Troloks esiti antioksidan kapasite
(TEAC), demir iyonu indirgeyici antioksidan gii¢
(FRAP), oksidan olarak bakir (II) kullanan toplam
antioksidan potansiyel yéntemi (CUPRAC) ve DPPH
(2,2-difenil1-pikrilhidrazil) yontemini igermektedir
(Somogoyi, 2007). Yukarida bahsedilen her iki yéntem
de total antioksidan kapasiteyl o6lgmeye yoneliktir.
Oysa, bu c¢alismada, bitkinin sahip oldugu CAT
enziminin ve SOD enzimlerinin ayri ayri1 aktivitesi
6lcildi. Olclilen enzim aktivitesi spesifik aktivite
birimi cinsinden (U/mg protein) verildi. Bitkilerin
Protein igerikleri Folin Ciocalteu ile 6lgtildi. Bu bitki
calismasinda kullanilan yéntemlerin temel prensibini
HAT ve ET tegkil etmektedir. Ustelik, bu yontemlerle
antioksidan enzim aktiviteleri (CAT ve SOD) kanda,
dokuda ve idrarda da o¢l¢iilmekte olup sensivitesi ve
spesifitesi oldukca yiuksek oldugu Kurutas ve ark.
tarafindan bildirilmistir (Kurutas, 2015a ve 2015b).

SOD’lar olaganiistii katalitik etkinlikte c¢aligsan
metalloproteinlerdir (Kurutas, 2016). 02~ i H202 e
déntstirme roli olan SOD’larin aktif merkezlerinde
yer alan metal iyonlarina gore li¢ izoenzimi vardir.
Bunlar bakir ve ¢inko iceren Cu/Zn SOD, mangan
iceren MnSOD ve demir igeren FeSOD’lardir
(Kurutas, 2016, Scandalios, 1993, Edreva, 1998,
Kukreja, 2005). Bu calismada S. marianum’da SOD
aktivitesinin A. absinthium’a kiyasla yiiksek olarak
bulundu. SOD aktivitesiyle yapilan caligmalarda;
SOD’larin ifadesindeki artiglarin bitkide biyotik ve
abiyotik strese baglhh olusan oksidatif stresle basa
¢citkmada ve bitkilerin stres kosullar1 altinda canliligi
stirdirmesine katki saglamada 6nemli rolleri oldugu
ileri stirilmiistiir. Morus alba L. (dut), Cicer
arietinum L. (nohut) ve L. esculentum (domates) gibi

artislar meydana geldigi gozlenmistir (Harinasut,
2003, Gaprinska, 2008, Attia, 2009).

CAT enzimi bitkilerin stres kogullar1 altinda olugan
zararlh H202 ’in H20 ve 02 ’ya direkt olarak
donugimuni saglayarak hicreleri strese karsi
korumada gorevli en onemli enzimatik
antioksidanlardan biridir (Demirhan, 2021, Ozyurt,
2021, Kurutas, 2016) Bu calismada S. marianum’da
CAT aktivitesi A. absinthiun’a kiyasla yiiksek olarak
bulundu. Yuksek bitkilerde tanimlanmis ¢ok sayida
CAT izoenzimi; Hordeum vulgare’de (arpa),
Helianthus annuus L’ta (aycicegi), Brassica oleracea
L. ’da (karnabahar) ve Zea mays L’da (misir)
calisilmistir ve elde edilen veriler neticesinde enzimin
farkli stres kosullari ve farklh bitkilerde degisik
diizeylerde koruma sagladign gozlenmistir (Azevedo
1998, Azpilicueta 2007, Frugoli 1996, Polle 1992).

Bitkilerde stresin oncelikli etkilerinden biri olarak
gosterilen lipid peroksidasyonun son Uuriinlerinden
biri olan MDA analizleriyle stresin 6ncelikli hedefi
olan membranlardaki etkileri yansitilmaktadir
(Kurutas, 2016). Bu calismada S. marianum’da MDA
diizeylerinin A. absinthium’a kiyasla disiik oldugu
saptandi. Guniumiuze dek gergeklestirilmis olan
calismalarda stresle birlikte Lycopersicon esculentum
Lda (domates) (Krupa 1989, Qarati 1997, Malk 1992),
Triticum aestivum [’da (bugday) (Vassilev 2004),
Hordeum vulgare L'de (arpa) (Gaur, 1994), Brassica
nigra (L) W.D.J.Koch’da (hardal) (Nouairi 2006,

Halliwell 1999) ve daha bircok bitkide MDA
diizeyinin yani lipid peroksidasyonunun arttigi
gosterilmistir.

Validasyon c¢aligsmalari, gerek klinik laboratuvarlarda
gerekse Gida Tarim ve Hayvancilik Bakanligi, Gida
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ve Kontrol Genel Mudurliginin, Gida Kontrol
Laboratuvarlarinda metot Dbirlikteligini saglamak
amaciyla konularinda uzman personeller tarafindan
yapilmaktadir (Gida ve Kontrol Genel Midiirliigi,
2018). Validasyon calismalari, cesitli analiz
metotlarin1 uygulayan laboratuvarin yeterliligini
teyit ederken izleyecegi yontemleri/caligmalary, bu
calismalar sonucunda elde edilen verilerin nasil
degerlendirileceginin belirlenmesi ve bu verilerle
6lcim belirsizliginin hesaplanip raporlanmasina da
yol gosterir. Bu kapsamda parametreler ve deney
modeli oOnerilirken uluslararas1 kabul goérmis
rehberler g6z oniinde bulundurularak ve
laboratuvarin TS EN ISO/IEC 17025 gereksinimlerini
de karsilayacak sekilde istatistiki olarak gerekli
bilgileri igerecek sekilde hazirlanmasi gereklidir.
Laboratuvarlarda analitlerin 6l¢iminde givenilir
sonuglar verilebilmesi i¢in biyolojik varyasyonun
hesaba katilmasi gerekmektedir (Yiicel, 2014).
Laboratuvar verilerinde biyolojik varyasyon, bir
bireyde her bir analitin homeostatik ayar noktasinda
izlenen rastgele dalgalanmalari olarak tanimlanir
(Kurutas, 2014, 2015a, 2015b). Toplam analitik hata
sinirlarinin  belirlenmesi  i¢in  pek ¢ok kaynak
kullanilabilir. Ayrica biyolojik varyasyon verileri,

ozellikle Dbireysel Dbiyolojik varyasyon, referans
araligin  belli bir fraksiyonu, yontemin genel
performans1 da hata siirlarinin belirlenmesinde

kullanilir (Kurutas, 2015a, ve 2015b).

Bu ¢alismada her iki bitkide de CAT ve SOD igin CVea
genel olarak CVrdan daha buyukti. Her bir bitkinin
CAT ve SOD’un CVrs1 kiigiik oldugu i¢gin homeostatik
ayar noktasi hakkinda daha kesin bilgi verebilir ve
bitkinin herhangi bir strese ya da kimyasala maruz
kalip kalmadigi hakkinda daha iyi bilgi verebilir.
Bununla birlikte, her bir bitkinin MDA nin CVr'sinin
buyuk olmasinin nedeni bitki lipid
peroksidasyonundaki glinden gline biyolojik
varyasyonlar goriilebilecegi yoniindedir. Ayrica,
MDA'min bitkiler arasindaki ortalama toplam
varyanslarinin =~ (CVe), muhtemelen  bitki ici
varyasyonundaki heterojenlikten ve belki de stabilite
sorunlarindan dolayi, her iki bitkininin CVr'sin1 daha
kiicik oldugunu bulduk. Bir MDA analitinin CVi
degerleri, CVg degerlerinden ¢ok daha buylk olmasi;
MDA analitinin verilerindeki homojenligin olmamasi,
biyolojik varyasyonun hatali hesaplanmasina ve
sonuclarin yanlis yorumlanmasina neden olabilir. BI,
CVi/CVg formiili ile hesaplanmaktadir (Kurutas,
2015a ve 2015b). Bu formiile goére sonucun 0,6’dan
kiiciik olmas: yiliksek bireysellik oldugunu yani bitki
populasyona dayali referansin disuk kullanigh
oldugunu goéstermektedir. Sonucun 1.4 ve bu
degerden yiiksek olmasi diisiik bireyselligi yani bitki
popiillasyona dayali referansin ylksek diizeyde
kullanigh oldugunu géstermektedir. BI degerinin 0.6
ila 1,4 arasinda olmasinda ise orta dizey bireysellik
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yani populasyona dayali referansin orta diizeyde
kullanigh oldugunu géstermektedir. RDD, bitkinin
agir metaller, kuraklik, yuksek ve dusik sicaklik,
mekanik  yaralanma, ultraviyole (UV) 1gik,
fotoinhibisyona yol acan yuksek 1sik yogunlugu,
patojen enfeksiyonu ve hava kirliligi gibi stres
faktorlerine maruz kalmasi durumundaki analitlerin
diizeylerindeki degisikliklerin degerlendirilmesi ig¢in
onemli bir ara¢ olabilir. Referans araliklarini
tanimlamak i¢in 6nemli miktarda kaynak harcamak
yerine, laboratuvarlarin RDD'yi hesaplamak i¢in iyi
kurulmus metodolojiyi uygulamalari ve bunlar:
ginlik pratikte kullanmalari, bitkiden gelen seri
sonuclardaki degisikliklerin izlenmesinde buylk
avantaj saglamalar istenmektedir (Kurutas, 2015a
ve 2015b).

Yontem performans degerlendirilmesinde
laboratuvarin  belirledigi yonteme gore farklh
kriterlerle yapilir (Yiicel 2014, Kurutas 2015a ve
2015b). Bugiin sistematik hata (inaccuracy),
impresizyon (rastlantisal hata) ve total hata
kavramlari yerine ISO tarafindan 6nerilen ve gegerli
olan sozler gerceklik (trueness), bias, presizyon ve
belirsizliktir ~ (uncertainty). —Burada  gerceklik,
dogruluk kavramindaki bias’in yerinin, belirsizlik ise
toplam hata kavraminin yerini almistir. Bildigimiz
kadariyla bitkide oksidatif stres biyobelirteglerinin
biyolojik varyasyonu ilk kez belgelendi. Bu ¢alismada,
bu yontem belirsizligi, veri degiskenligine yalnizca
%23'lik bir katki sagladig: i¢in arzu edilen analitik
CV, genellikle 0,5 kat CVi olarak kabul edildi.
(Kurutas 2015a ve 2015b). Calismamizda, bitkide
oksidatif stres Dbiyobelirteglerini  6lgmek  ig¢in
laboratuvar yontemlerimizin belirsizligi, istenilen
kesinlik hedeflerinden daha dusik bulundu. Bu
caligmada biyolojik varyasyon verilerinden tiiretilen
analitik kalite spesifikasyonlarinin mevcut
metodolojilerle elde edilebilecegi gorilmustir. Bu
nedenle, bu biyolojik varyasyon verilerinin bitkilerde

oksidatif stres Dbiyobelirteclerinin analizinde bu
yaklagimi uygulamak i¢in yardimeci olabilir.

SONUC ve ONERILER

Sonug olarak, bitkilerde oksidatif stres

biyobelirteclerini 6l¢gmek i¢in kullanilan laboratuvar
yontemlerimizin toplam analitik hatasi izin verilen
toplam hata sinirinin altindadir, dolayisiyla yontemin
performans1 uygundur. BI ve RDD degerlerinin
belirlenmesi, bir bitkinin mevcut durumu hakkindaki
degisiklikler konusunda konuyla ugrasan bilim
insanlarin1 daha dogru yo6nlendirmesine olanak
saglayacak belirteclerdir. Bu uygulamalar yakin
gelecekte Dbitin Gida Tarim ve Hayvancihik
Bakanligina bagli laboratuvarlarda kullanilmaya
baslanacak ve elde edilen laboratuvar sonuclarinin
daha dogru yorumlanmas: ile ilgili faaliyetlerinin
geligtirilmesine zemin olusturacaktir.
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OZET
Bu calismada, Turkiye florasinda dogal olarak yetisen ve zengin

Molekiiler Biyoloji ve Genetik

fitokimyasal igerigi sayesinde geleneksel halk tibbinda yaygin olarak Aragtirma Makalesi
kullanilan  Clinopodium  serpyllifolium subsp. serpyllifolium

bitkisinin sitotoksik, antiproliferatif ve apoptotik aktivitelerinin Makale Tarihgesi
arastirilmas1 amaclanmigtir. Bu amagla, bitkinin cicek ve govde Gelig Tarithi  :29.06.2021
kistmlarindan su (dH20) ve %701k etanol (Co:HsOH-EtOH) Kabul Tarihi :02.09.2021
¢ozuclleri kullanilarak ekstraktlar elde edilmigtir. Farkl

ekstraktlarin antikanser, antiproliferizasyon ve DNA hasari gelisimi Anahtar Kelimeler

uzerine apoptotik aktiviteleri; A549, H1299, C6 ve HUVEC Clinopodium spp.
hiicrelerine karsi sirasiyla MTT, tripan mavisi ve immiinolojik Kanser

temelli ELISA yontemleri kullanilarak analiz edilmistir. Bitki Apoptoz

ekstrelerinin, calisilan kanser hiicre hatlarinin her tgiinde de Proliferizasyon
hiicrelerdeki canlhilik oranlarini azaltarak, hiicreleri 6lime tegvik Tibbi Bitki

ettigi saptanmistir. Ekstreler, en yliksek aktiviteyi A549 akciger
karsinoma hiicrelerine karsi; en disiuk aktiviteyi ise C6 beyin glioma
hlicreleri Uzerine gostermistir. Sonug¢ olarak, C. serpyllifolium
bitkisinin ¢icek ve govde kisimlarimin fitokimyasal igeriginin
belirlenmesi ve bitkinin antikanser drog olarak kullanimina yonelik
farmakolojik ve klinik ¢alismalarin yapilmas: gerekmektedir.

Investigation of Anticancer, Antiproliferative and Apoptotic Cell Death Effects of Clinopodium
serpyllifolium subsp. serpyllifolium in Lung and Brain Glioma Cell Lines
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GIRIS piperitenone (%38.73), piperitenon oksit (%34.8) ve

Antik c¢aglardan bu yana bitkiler tedavi amaciyla
kullanilmakta ve her gegen giin bitkilerin tip ve
eczacilik alanlarinda kullanim potansiyellerinde ciddi

bir artis gozlenmektedir. Tibbi  bitkilerin
biyogesitliligi, yeni gifali bitkilerin tespit edilmesiyle
say1 olarak gin gectikce ciddi bir artig

gostermektedir. Diinya Gida ve Tarim Orgiiti (FAO)
tarafindan diinya genelinde 422 bin kadar cicekli
bitki taksonundan yaklasik %17’sinin (yaklasik 72
bin) tibbi deger tasidigl ve bunlardan yaklasik 5 bin
kadarinin diinya ticaretinde yer aldigi bildirilmistir
(Baytop, 1999; Baydar, 2020). Tibbi bitkilerin
ulagimlarinin ve kullanimlarinin kolay, maliyetinin
az, yan etkilerinin sentetik ilaglara gore daha disiuk
olmasy; alternatif tipta ve 1ilag endiistrisinde
kullanimlarinin ginimiuzde ciddi artisinin altinda
yatan en 6nemli nedenleri arasindadir (Ramakrishna
ve ark. 2021). Sifali bitkilerin farkli kisimlarinin

ihtiva ettikleri sekonder metabolitlerden
yararlanilarak; farkli modern ila¢ preparatlar
hazirlanmakta ve bu preparatlar farkli tlkelerde
bitkisel ilaglar, bitkiseller, fitoterapotikler,

fitofarmasotikler ve geleneksel ilaglar gibi farkh
sekillerde isimlendirilebilmektedir (Gezici and
Sekeroglu, 2019a; Abdulridha ve ark., 2020;
Ramakrishna ve ark. 2021).

Diinya genelinde 177 takson, Turkiye’de ise 39 takson
ile temsil edilen ve Lamiaceae familyasinin bir tyesi
olan Clinopodium cinsi; sahip oldugu biyolojik
ozellikleri ve zengin fitokimyasal igerigi sayesinde
geleneksel halk tibbinda diinya genelinde ve
Tiirkiye'de yaygin bir kullanima sahiptir (Tirkiye
Bitkiler Listesi, 2021; The Plant List, 2021). Bu cins
Diinya tizerinde Dogu Akdeniz bélgesinde (Filistin,
Israil, Liibnan, Suriye, Urdin ve Tirkiye) dogal
olarak yayilim géstermektedir. Tirkiye'de ise; dogal
olarak Dogu Karadeniz Boluimi, Yukari Kizilirmak
Bolumii, Antalya Bolimi, Adana Bolimi ve Dicle
Bélimiinde yayilim gostermektedir (Baytop, 1999;
The Plant List, 2021). Clinopodium cinsinin zengin
biyoaktif madde ve sekonder bilesige sahip oldugu
daha o6nce yapilan c¢alismalarda goOsterilmistir
(Tuttolomondo et al., 2014; To$ié ve ark., 2015;
Dunkié ve ark., 2017; Mohanty ve ark., 2017; Zhang
ve ark., 2020). Bu cinse ait C dalmaticum, C.
pulegium, C. serpyllifolium ve C. thymifolium tirleri
ile 1ilgili olarak ugucu yag bilesimini ortaya koymaya
yonelik yapilan fitokimyasal analiz c¢aligsmalari,
bitkinin ug¢ucu yaginda %79.6—66.2 oraninda oksijenli
monoterpenler, menthone, pulegon gibi baskin
mentan tipi bilesikler, piperitenon ve piperitenon
oksit icerdigini ortaya koymustur. Bunlardan
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pulegon (35.8), C. serpyllifolium tiirtiniin ugucu yag
bilesimini olusturan temel komponentler olarak
belirlenmigtir. Ayrica, monoterpen hidrokarbonlar
(%3.9-10.7) ve limonen (%3.2-6.2) bu tiiriin ugucu
yvaginda belirlenen diger ana bilesenler olarak
literatiirde yer almistir (Tosié ve ark., 2015; Dunkié
ve ark., 2017).

Clinopodium turlerinden, C. chinense geleneksel Cin
tibbinda binlerce yildir diyabet, soguk alginlhig,
karaciger ve ince bagirsak iltihabi, dizanteri,
kabakulak, alerjik dermatit tedavisinde yaygin olarak
kullanilmaktadir (Zhang ve ark., 2020). Meksika'da
C. macrostemum tip alaninda gastrointestinal
bozukluklar, karin agrisi, ishal ve Okstrik
tedavisinde kullanildigi gibi; baharat, koku maddesi
ve stisleme amaciyla da ticari olarak
kullanilmaktadir (Tuttolomondo et al., 2014). C.
laevigatum bitkisinin inflisyon seklinde hazirlanan
cay olarak mide agrilarinda ve karaciger
hastaliklarinin tedavisinde, C. nepeta ise hemostatik
olarak kanamay1 durdurucu ve dezenfektan olarak
kullanilmaktadir (Tuttolomondo et al., 2014; Mohanty
ve ark., 2017). Filistin'de tibbi bitkiler {izerinde
yapilan etnobotanik arastirmalar, C. serpyllifolium

turinun;  geleneksel halk  tibbinda  diyabet,
hipertansiyon, oksurik, bas ve karin agrisi, soguk
alginligi, nefes darhigi, yara iyilestirici ve cilt

hastaliklar: dahil olmak tuzere ¢esitli rahatsizliklar
tedavi etmek i¢in kullanmildigini ortaya koymustur.
Aym1 zamanda geleneksel tipta gevsetici ve hafiza
arttiricr olarak da kullanildig1 rapor edilmistir (Ali-
Shtayeh ve Jamous, 2008; Shehab ve Abu-Gharbieh,
2012; Ali-Shtayeh ve ark., 2018; Salameh ve ark.,
2018; Salameh ve ark., 2020; El-Huneidi ve ark.,
2020). Balkanlarda ise 6nemli bir etnobotanik degere
sahip olan C. gilliesii, baharat olarak ve tibbi
amaglarla karin agrisi, soguk alginhg, yiksek
tansiyon, kalp, menopoz ve kisirhik tedavisinde
kullanilan bir bitkidir (Carvajal ve ark., 2017). Tiirk
halk tibbinda C. vulgare ge¢cmis caglarda savasg
esnasinda yaralar: iyilestirmek amaciyla kullanildig:
literatiirlerde yer almistir (Kilic ve ark., 2017).
Bulgar bitkileri arasinda da geleneksel tipta
kullanilan C. vulgare diyabet, mide tlseri, prostat,
yaralarin iyilegtirilmesinde, cilt rahatsizliklarinda ve
siskinlik tedavisinde kullanilan cesitli
etnofarmokolojik  uygulamalara sahip bir bitki
tiridir (Batsalova ve ark., 2017, Bruno ve ark.,
2019; Zheleva-Dimitrova ve ark., 2019). C.
polycephalum bitkisinin toprak tsti kisimlar: rahim,
burun, dis eti kanamalarinda geleneksel bir halk ilac
olarak kullamlmaktadir (Kilic ve ark., 2017). C.
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bolivianum hazimsizlik, bulanti, ishal, anemi ve
solunum yolu hastaliklarini tedavisinde ve ayni
zamanda yemeklerde baharat olarak
kullanilmaktadir (Solis-Quispe ve ark., 2018) C.
revolutum karaciger rahatsizliklarinda, safra kesesi
taglarinda ve bdbrek problemlerinde terapdétik
ozellikleri icin kullamlmaktadir (Ludefa 2017;
Saldafia-Bobadilla ve ark., 2020). C. brownei ise
Kolombiya, Kiiba, Venezuela ve Arjantin'de 6zellikle
et yemeklerinde baharat olarak kullanilmakla
birlikte; halk tibbinda soguk alginhigi, siskinlik,
sindirim, balgam soktiiriici ve antiseptik ila¢ olarak
kullanilmaktadir. (Pino ve ark., 1997; Jaramillo ve
ark., 2010; Matailo ve ark., 2019). C. rouyanum
turtinun kalp ve mide rahatsizliklarinda kullanildig,
ates dusglrici, balgam soktirtci ve antiseptik
ozellige sahip oldugu gésterilmigtir (Cavar ve ark.,
2013; Dunkié¢ ve ark., 2017; Tomas ve ark., 2019). C.
suaveolens Kuzey Yunanistan'da sakinlestirici, idrar
soktirici ve antienflamatuar olarak; C. graveolens
Tiirkiye’de (Denizli, Kiitahya ve Balikesir illerinde)
soguk alginhigina karsit Dbitkisel c¢ay olarak
tiketilmektedir. C. acinos bitkisi melankolide, nefes
darhigi, dis agrilam ve  sindirim  sistemi
problemlerinde; C. alpinum ise Ispanya'da oksiirik
giderici ve gastrointestinal rahatsizliklarda
iyilestirici etkisiyle yaygin olarak kullanilmaktadir
(Kaya, 2019). C. odorum siskinlik, idrar soktiiriici,
kabizlik, mide rahatsizliklarinda, uyarici, uyutucu,
adet baskilayici, bag ve karin agrisinda ayrica dogum
sirasinda da kullanilmaktadir. (Harley ve Paucar,
2000; Mahady 2005; Barboza ve ark., 2009; Vazquez
ve ark 2014).

Sunulan calismada, butiinleyici ve tamamlayic1 tip
acisindan olduk¢a ©6nem arz eden, Gaziantep ili
cevresinde dogal olarak yayilis gosteren ve halk
arasinda ‘tas nanesi’ olarak bilinen C. serpyllifolium
subsp. serpyllifolium bitkisinin ¢icek ve goévde
kisimlarindan elde edilen farkli ekstrelerin akciger ve
beyin glioma kanser hiicre hatlar1 tizerinde apoptoz
ve nekroz aracilikli biyolojik aktiviteleri detayli
olarak arastinnlmigtir. C. serpyllifolium subsp.
serpyllifolium bitkisi; geleneksel halk tibbinda mide
rahatsizliklary, solunum yolu hastaliklari, diyabet,
hipertansiyon, oksurik, bas ve karin agrisi, cilt
hastaliklarinin tedavisinde, yaralarin
iyilestirmesinde ¢ok uzun yillardan bu yana
kullanima sahip olmasina ragmen, bitki tiri ile ilgili
yapilan literatir arastirmalari1  dogrultusunda
kapsamli biyolojik aktivite analizlerinin yapilmamaig
olmasi, sitotoksik etki gostererek kanser hiicrelerinde
hiicre proliferizasyonunu baskilayici etkileri ve
apoptotik hiicre O6limiuni indikleyerek kanser
geligimini  engelleyecek potansiyele sahip olup
olmadig1 ile ilgili literatiir verilerine rastlanmamisg
olmasi  nedeniyle C. serpyllifolium subsp.
serpyllifolium bitkisinin apoptoz ve nekroz aracilikli
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antikanser, antiapoptotik, sitotoksik ve apoptotoik
aktiviteleri detayli olarak arastirilmigtir. Bu
calismadan elde edilen verilerin, daha sonra
yapilacak olan in vivo ve/veya klinik arastirmalara
oncil veri saglayacak potansiyele sahip oldugu ve bu
alanda yapilacak olan c¢alismalara 1sik tutacak
nitelikte oldugu diigtintilmektedir.

MATERYAL ve METOD
Bitki Materyalinin Toplanmasi

Calisma kapsaminda, Lamiaceae familyasina ait olan
C. serpyllifolium subsp. serpyllifolium (M.Bieb.)
Kuntze Dbitkisi kullamilmistir. Bitki materyali
Gaziantep i1li  Yukar1 Anl koéyi kirsalindan
(37.125206N ve 37.572971E) taksonomist botanikci
Ars. Gor. Fatih YAYLA (Gaziantep Universitesi,
Biyoloji Béliimii) tarafindan ciceklenme dénemi icinde
Haziran-Temmuz aylarinda toplanmig ve sistematik
olarak teshis edilmistir. Bitki herbaryum 6rnegi,
Gaziantep Universitesi Biyoloj1 Bolumu
Herbaryumu'nda (GAUNHERB) GAUN 5056
herbaryum numarasi ile kayit altina alinmagtir.
Bitkinin cicek ve goévde kismini ihtiva eden toprak
usti kisimlari, nemsiz ve karanlhk ortamda, oda
1sisinda  kurutulmustur. Bitki tirinin kisimlarim
ihtiva eden, dogal flora ortaminda ¢ekilmig gériintiisi
Sekil 1’de verilmistir.

Bitki Ekstraktlarinin Elde Edilmesi

Bitki materyalinin kurutulmus ¢icek ve yapraklarini
da ihtiva eden gévde kisimlari toz hale getirilmis ve
her bir bitki kism1 distile su (dH20) ve %70’lik etanol
(C2Hs0H-EtOH) coziiciileri kullanilarak maserasyon
yontemi ile 6ziitlenmistir (Senol ve ark., 2018; Gezici
ve Sekeroglu, 2019b). Maserasyon igleminin ardindan
bitki o6zitleri filtre kagidi yardimi ile stzilmis ve
EtOH o6zutlerindeki ¢oziict rotary evaporator yardimi
ile buharlastirilmig ve liyofilizatérde kurutma iglemi
gerceklestirilmigtir. Toz hale getirilen bitki 6zitleri
sonraki ¢aligmalarda kullanilmak tizere -20 °C derin
dondurucuda saklanmigtir. Analizlerde kullanilan
bitki ekstreleri, en yiiksek konsantrasyonlari 1 mg
mL1 olacak gsekilde DMSO (dimetil siilfoksit)
icerisinde ¢oOzllerek homojen hale getirilmigtir
(Gezici, 2019). Elde edilen ekstrelerin verim
yizdeleri, [(kuru ekstrakt agirhgn / kuru bitki
materyali agirhig) x 100] formiiliine gore
hesaplanmistir (Gezici ve Sekeroglu, 2022).

Akciger ve Beyin Glioma Hicre Hatlarinin Temin
Edilmesi

Bitki ekstrelerinin in vitro antikanser, antiproliferatif
ve apoptotik aktivitelerinin belirlenmesi amaciyla
ATCC (Amerikan Tip Kiiltiir Koleksiyonu, ABD)’den
satin alinan hiicre hatlar1 kullanilmistir. Calismada
A549 (akciger karsinoma), H1299 (kiiciikk hiicreli
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olmayan akciger kanseri) ve C6 (beyin glioma) kanser
hiicre hatlar1 ile kanserli olmayan HUVEC (insan
gébek ven endotel hiiceleri) kontrol hiicre hatti
kullanilmigtar. Hiicre kultur ortamlarinin
hazirlanmasinda  kullanilan  besiyerleri  6nceki
makalelerde belirtildigi sekilde hazirlanmistir (Gezici
ve ark., 2017; Gezici, 2019). Bu kapsamda C6 ve
HUVEC hiicre hatlari; genel olarak %10 FBS (fetal

<

]
Sekil 1. Clinopodium serpyllifolium subsp. serpyllifolium (M.Bieb.) Kuntze b

sigir serumu), %1 antibiyotik (100U/mL penisilin-
100pg/mL streptomisin) ve %1 L-glutamin iceren 5
mL DMEM (Dulbecco’s modified Eagle
medium):Ham’s F12 (1:1) besiyeri ortami icerisinde;
Ab549 ve H1299 akciger hiicre hatlar1 ise RPMI 1640
(Roswell ParkMemorial Institute Medium) besiyeri
icerisinde kiiltiire alinmistar.

itkisinin genel gérinimi

Figure 1. General view of Clinopodium serpyllifolium subsp. serpyllifolium (M. Bieb.) Kuntze

Antikanser Aktivite Analizleri

Bitki materyalinin ¢icek ve gévde kismindan farkl
coziculer kullamilarak elde edilen 6zitlerin,
antikanser ve sitotoksik etkilerinin belirlenmesi igin;
hiicre canlihiginin kolorimetrik olarak o6l¢tilmesi
esasina dayanan MTT (3- (4,5-dimethylthiazol-2-yl) -
2,5-diphenyltetrazolium bromide) yéntemi, iizerinde
kismen modifikasyonlar yapilarak uygulanmigtir
(Mosmann ve ark., 1983; Gezici, 2019). Kiiltiir
ortamlarina her bir ELISA kuyucugunda 5 x 103
hiicre olacak sgekilde ekimi yapilan ve 37°C’de, %5
CO:2 igeren ortamda inkibasyona birakilan hiicre
soylar1 (A549, H1299, C6 ve HUVEC), uygun
oranlarda hazirlanan MTT c¢ozeltisi ile muamele
edilmigtir. MTT soliisyonuna tabi tutulan hiicrelerde
mavi-mor renkli formazan kristallerinin olusumuna
bagli olarak meydana gelen absorbans degerleri
spektrofotometre (Thermo Scientific Multiskan Go) ile
570 nm dalga boyunda 6l¢ilmiistir. Calismaya dahil
edilen her bir ekstrakt ve hiicre hatti icin ICs0 (ung mL
1) degerleri hesaplanmigtir.

Antiproliferatif Aktivite Analizler

Bitki ekstrelerinin sahip olduklar1 antiproliferatif
kapasitelerinin ortaya konulmasi amaciyla; membran
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butinligh bozulmus hiicrelerin non-vital bir boya
olan tripan mavisi ile boyanmasi esasina dayanan
tripan mavisi metoduna gére yapilmistir (Strober,
2015). Bu yéntemde hiicre kiiltiir ortamlarinda
gogaltilan ve farkli konsantrasyonlarda bitki
ekstrelerine maruz birakilan A549, H1299, C6 ve
HUVEC hiicre hatlari, tripan mavisi ¢ozeltisi ile
muamele edilmig ve 37 °C'de 24, 48 ve 72 saat streyle
inkiibasyona birakilmistir. Inkiibasyon periyodlarmin
ardindan, hiicre hatlarindaki canhi ve 6li hiicreler,
hiicre sayim cihazi (Cedex XS Analyzer, Roche) ile
sayilarak, hiicrelerdeki yiizde (%) canlihk oranlari
hesaplanmigtir.

Apoptotik Aktivite Analizleri

Apoptotik hiicre 6liminin belirlenmesi amaciyla;
farkli konsantrasyonlarda (0 ile 100 ug mL) bitki
ekstrakt:1 ile muamele edilen A549, H1299 ve C6
kanser hiicrelerinde meydana gelen parcalanmis ve
sitoplazmaya ge¢mis monontikleozomlari ya da
oligoniikleozomlar1 saptamaya yo6nelik, immiunolojik
temelli ELISA (enzyme-linked immunosorbent assay)
testi uygulanmistir (Hingst ve Blottner, 1995). Bu
yontemde; 5x104 mL?! hucre ihtiva eden kultir
ortamlar1 farkli konsantrasyonlarda bitki ekstrakt:
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ile muamele edildikten sonra yaklasik 24 saat
inkibasyona birakilmigtir. Apoptotik hiicrelerin
sitoplazmalarinda bulunan nikleozomlar, CDD-
ELISA kiti (Cell Death Detection ELISAPLUS, Roche)
kullanilarak belirlenmistir. Calismada her bir érnek
ve kontrol igin ¢ tekrar yapilarak 405 nm dalga
boyundaki absorbans degerlerinin ortalamasi alinmig
ve asagida verilen egitliSe gore rolatif absorbans
degerleri hesaplanmistir. Elde edilen deger, her bir

ornekteki mono ve oligo-niikleozom miktarinin
kontroldekine oranini ifade etmektedir.

Rolatif Absorbans Degeri = A;/A, (1)
Verilen egitlikte; Ai= Bitki ekstresi uygulanan

hiicrelerin absorbans degerlerinin ortalamasi ve Az=
Kontrol hicrelerinin 405 absorbans degerlerinin
ortalamasidir. Elde edilen deger, her bir 6rnekteki
mono- ve oligo-nukleozom miktarinin kontroldekine
oranini ifade etmektedir.

Istatistik Analizler

Analizler en az u¢ tekrarli olacak sekilde
gerceklestirilmis ve istatistiksel olarak standart
ortalama ve standart sapma (ortalama + SS) seklinde
hesaplanmigtir. Istatistiksel analiz i¢in GraphPad
Instat version 3.05 (GraphPad Software Inc., San
Diego, CA, ABD) kullanilmistir. Student’s -¢ testi, ikili
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" % Ekstre verimi

gruplarin ortalamalarinin kargilagtirilmasinda
kullanilirken;  Ug¢lii  gruplarin  ortalamalarinin
kargilagtirilmasinda ise ANOVA yapilmistir. Elde
edilen skorlar Mann-Whitney U testi ile
degerlendirilmigtir. Istatistiksel olarak P < 0.05
giiven araligindan kigik olan veriler anlamli; P <
0.01 giiven araligindan kiicik olan veriler ise g¢ok
anlaml olarak kabul edilmistir (*P < 0.05; **P <
0.01).

BULGULAR
Ekstre Verimliligine Iligkin Bulgular

Gaziantep 1ili ve c¢evresinde dogal olarak yayilis
gbsteren Clinopodium serpyllifolium subsp.
serpyllifolium bitkisinin dH20 ve EtOH ¢o6ziciler
kullanilarak cicek ve gévde kisimlarindan elde edilen
ekstrelerin, baslangic miktarlari ve ekstraksiyon
sonrasi elde edilen miktarlarina bagh olarak elde
edilen ekstre verimlilikleri yiizde (%gr grl) olarak
Sekil 2’de verilmistir. Bitki tiirtiintin gévde kismindan
elde edilen yiizde (%) ekstrakt veriminin c¢icek
kismindan elde edilen ekstraktlara gére daha fazla
oldugu ve en ylksek verimin gévde kismindan dHz20
kullanilarak elde edilen ekstraklarda (%8.59) oldugu
goriilmektedir (Sekil 2).

Govde-Etanol Govde-Su

» Kuru agirlik (gr)

Sekil 2. Bitkinin yiizde (%gr gr!) ekstre verimliligi
Figure 2. Percentage (gr gr %) extract yield of the plant

Antikanser Aktiviteye Iligkin Bulgular

C. serpyllifolium subsp. serpyllifolium bitkisinin
farkli kisimlarindan elde edilen bitki ekstrelerinin
A549, H1299 ve C6 kanser hiicre hatlarina kars:
sitotoksik aktivite potansiyeline bagl olarak kanser
geligimi tzerine etkinlikleri doz ve zamana bagh
olarak analiz edilmis ve test edilen her bir ekstre i¢in
hiicrelerin %50’sinin ¢ogalmasini inhibe etmek igin
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gerekli olan doz miktar1 hesaplanmigtir. Calismadan
elde edilen bulgular ICso (ug/mL) + S.S. (standart
sapma) olarak Cizelge 1’de sunuldugu gibidir.

Bitkinin ¢igek ve g6vde kisimlarimin antikanser
aktivitesini belirlemeye yonelik yapilan analizlerde,
ekstrelerin 5.28+0.10 pg ml? ile 37.92+1.18 pg ml?
arasinda degisen ICso degerleriyle giiglii sitotoksik
etkiye sahip olduklar1 ve A549, H1299 ve C6 olmak
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uzere her uc¢ kanser hiucrelerdeki, hiicre canlilik
aktivitelerinin azaltarak, hiicreleri 6lime tesvik ettigi
gozlenmigtir. Calisma bulgular1 dogrultusunda;
bitkinin ¢icek ve gévde kisimlarindan elde edilen bitki
ozutleri en yliksek oranda A549 hiicre hattina
(IC50=5.284+0.10-10.20+0.51 pg ml1) karst etkili
bulunurken; C6 (IC50=25.63+0.40— 37.92+1.18 pg ml)
hiicre hatlarina kars: ise en diigiik oranda antikanser

aktivite  gosterdigi  ortaya  konulmustur. C.
serpyllifolium  subsp.  serpyllifolium  bitkisinin
kullanilan farkli kisimlarina gore ise; ¢icek kisminin
5.28+0.10 ile 28.01+0.64 pg ml! araliginda degisen
ICs0 degerleri ile gévde kismina kiyasla daha yuksek
antikanser aktiviteye sahip oldugu gézlenmistir
(Cizelge 1).

Cizelge 1. Bitki ekstrelerinin akciger kanseri ve beyin glioma hiicre hatlarina karg: antikanser aktiviteleri
Table 1. Anticancer activities of plant extracts against lung and brain glioma cell lines

Hiicre hatlan

Bitki kisimlar ve 6zitler

ICso degerleri 2 (ug mL1)

Cell lines Plant parts and extracts 1050 values * (ug mL?)
. EtOH 6.40 £ 0.47*
A549 Gigek (Flower) dH:0 5.28 +0.10"
Gévde (Stem) EtOH 10.20 £ 0.517
dH20 9.15+0.36™
. EtOH 14.78 + 1.03*
H1299 Cicek (Flower) dH.0 14 05 4 0,76
Gévde (Stem) EtOH 20.98 +£0.24™
dH20 18.32 + 0.09"
. EtOH 28.01 + 0.64"
6 Cigek (Flower) dH:z0 25.63+ 0.40™
Gévde (Stem) EtOH 37.92+1.18"
dH20 30.07 +£1.23"
. EtOH 9.08 £ 0.90™
HUVEC Cicek (Flower) dHL0 293 1 0,05
Gévde (Stem) EtOH 15.02 £ 0.34"
dH20 12.61 +0.56™
Doksorubisin b 7.04 £0.29

a Veriler ICs0 (ng mL1) = S.S. (standart sapma) olarak ifade edilmistir (n=3).

b Doksorubisin, pozitif kontrol olarak kullanilmistir.
*P <0.05ve ** P<0.01

Antiproliferatif Aktiviteye Iligkin Bulgular

Bitkinin c¢icek ve gévde kismindan elde edilen farkl
ekstrelerin antiproliferatif aktiviteleri; A549, H1299
ve C6 kanser hicrelerinde hicrelerin canhihiklar
uzerine etkileri konsantrasyon ve muamele stirelerine
bagl olarak analiz edilmigtir. Hiicreler, 24, 48 ve 72
saat olmak tUzere farkli zaman araliklarinda,
uygulanan ekstre konsantrasyonuna bagh olarak
sayllmig ve kanserli hiicre soylarindan elde edilen
hiicre canlilik oranlari, kontrol hiicre hatti olan
HUVEC  hiicrelerindeki  canliik  oranlari ile
kiyaslanmigtir. Calisma kapsaminda, 48 saat ekstre
uygulamasi sonrasinda elde edilen bulgular yiizde (%)
hiicre canlilig1 olarak Sekil 3’te verilmigtir.

MTT analizlerinden elde edilen bulgulara benzer

sekilde; C. serpyllifolium subsp. serpyllifolium
bitkisinin ¢icek kismindan dH20 kullanmilarak
hazirlanan ekstrakt, kanser hicrelerinde hicre

¢ogalmasini en yiksek oranda engelleyen ve béylece
glcli antiproliferatif aktivite gésteren bitki ekstrakti
olarak tespit edilmigtir. Bitki materyalinin gévde
kismindan EtOH ile elde edilen ekstrakt ise; test
edilen her ti¢ hiicre hattinda da en az antiproliferatif
kapasiteye sahip 6ziit olarak belirlenmistir. Bitkiden
elde edilen farkli ekstrelerin genel olarak hicre
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canhiliklar:1 degerlendirildiginde ise, %16-23 arasinda
degisen hiicre canlilik oranlariyla hiicre canliliginin
en yuksek oranda azaltilabildigi kanserli hiicre
hattinin A549; en az azaltilabildigi hiicre hattinin ise
%40-56 arasinda degigsen canlilik oranlar1 ile C6
hiicreleri oldugu belirlenmistir (Sekil 3).

Apoptotik DNA Fragmentasyonuna Iligkin Bulgular

Farkh konsantrasyonlarda 6ziitler ile muamele edilen
A549, H1299 ve C6 kanser hiicre soylarinda antijen-
antikor kompleksi esasina dayanan ELISA testi ile
apoptoz seviyesi Ol¢ilmustiir. Sunulan calismada,
doksorubisin pozitif kontrol olarak kullanilirken;
bitki ekstrakti ile muamele edilmemis olan hicreler
ise negatif kontrol olarak kullanilmistir. Bulgular,
farkli dozlarda Dbitki ekstresi uygulanan hicre
orneklerinden elde edilen veriler ile kiyaslanmig ve
uygulanan tim bitki konsantrasyonlar1 i¢in negatif
kontrole kiyasla istatistiksel acidan cok énemli (P <
0.01); pozitif kontrol olarak kullanilan doksorubisine
oranla da 6nemli (P < 0.05) olarak bulunmustur.
Ayrica, bitkinin her iki aksamindan elde edilen bitki
ekstrelerinin, A549, H1299 ve C6 olmak tlizere her tg
kanser hiicre hattinda da muamele edilen ekstre
konsantrasyonuna baglhh olarak apoptotik hiicre
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6limini artirdigr belirlenmistir. Uygulanan farklh
ekstre konsantrasyonlarina gore, apoptotik DNA
fragmentasyonuna baglh olarak elde edilen apoptotik

hiicre 6lim seviyelerindeki degisimler her bir hiicre
hatt1 icin rélatif absorbans degerleri olarak Cizelge
2’de gosterilmektedir.

Hiicre Canlilig (%)

100
90
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50
40
30
20
10

Cigek-Etanol

Cigek-Su

= A549 mH1299 = C6

Govde-Etanol

HUVEC

Govde-Su

HUVEC

Sekil 3. Bitki ekstrelerinin akciger ve beyin glioma hiicre hatlarinda hiicre canlilik oranlar:

Figure 3. Cell viability rates of the plant extract in lung and brain glioma cell lines

* Veriler 48 saat uygulama sonrasinda hiicrelerdeki ytizde canlilik olarak ifade edilmistir.

** HUVEC hicreleri kontrol hiicreler olarak kullanilmig ve canlilik oranlar1 %100 olarak kabul edilmigtir.

Apoptotik hiicre o6limiu tzerine C. serpyllifolium
subsp. serpyllifolium bitki ekstrelerinin etkinliginin
ortaya konuldugu bu calismada, antikanser ve
antiproliferatif aktivite bulgularina benzer sekilde;
apoptotik hiicre O6limiinin en fazla gergeklestigi
hiicre hattinin A549 hicreleri oldugu tespit edilmis
ve bunu sirasiyla H1299 ve C6 hiicrelerinin takip
ettigi  belirlenmigtir.  Ayrica, 100 pg mL?
konsantrasyonda test edilen tim ekstrelerin A549
hiicre soylarinda ayni dozda doksorubisinden daha
etkili bir sekilde mono ve oligoniikleozom olusumunu
artirarak apoptozu tetikleyebildigi gézlenmistir. Ayni
dozun, HUVEC kontrol hiicrelerinde hiicre canliligini
etkilemedigi de ¢alismalarda ortaya konulan bulgular
arasindadir. Calismada kullanilan hiicre hatlarinda
apoptotik DNA fragmentasyonuna bagh olarak
gozlenen mono ve oligontikleozom miktarinin, dH20-
cicek  ekstrelerinde en yiiksek; EtOH-govde
ekstrelerinde ise apoptotik etkinin en diisiik oldugu
belirlenmigtir.

TARTISMA

Kanser, gelismis ve gelismekte olan tulkelerin her
ikisinde de glinlimizin en o6nemli saghk
sorunlarindan  biri  haline gelmigtir. Olusum
mekanizmalari, gelisimi ve sonuglari agisindan
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kanser; Dbireyler arasinda farkhi siiregler ile
karakterize edilen, hiicresel ve molekiler diizeyde
heterojenite ve ¢esitlilik gosteren multifaktoéryel bir
hastaliktir (Tewary ve ark., 2017). Kanser, hiicrelerin
asir1 ve zamansiz ¢ogalmalarina, immin sistemin
gozetiminden ka¢malarina ve nihai olarak da
uzaktaki dokular1 da istila ederek metastazlar
olusturmalarina yol acan metabolik ve davranigsal
degisikliklerin meydana geldigi ¢ok basamakli bir
siirectir (Searle ve ark., 1982; Sung ve ark., 2021). Bu
slireg, biyiime baskilayicilarindan ka¢inma, immiin
yikimdan korunma, genom kararsizligi ve mutasyon,
hiicre 6liimiine (apoptoza) direng, anjiyogenezin
indiklenmesi, proliferatif sinyallerin bozulmasi,
replikatif  6lumsuzlik, tiumor tesvik edici
inflamasyon, hiicresel enerji mekanizmasinin
bozulmasi, invazyon aktivasyonu ve metastaz
olusumu ile karakterizedir (Hanahan ve Weinberg,
2011). Saglikhh hiicrelerde, metabolizmada hiicrelerin
buyumesi ve ¢ogalmasi bir diizen icerisinde ve c¢esitli
kontrol basamaklariin kontroli dahilinde
gerceklesmektedir. Ancak kanser durumunda,
hiicreler anormal gekil ve hizda buylimeye ve
kontrolsiiz sekilde ¢ogalmaya baslayarak, timoér adi
verilen kitle olusumuna yol agmakta, buna paralel
olarak doku ve organlar da goérevlerini normal olarak
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yerine getirememektedir (Smith ve Simons, 2018;
Ramakrishna ve ark., 2021).

Tibbi ve aromatik bitkiler ihtiva ettikleri zengin
biyoaktif bilesikler ve sekonder metabolitler ile
kanser bagsta olmak tUzere pek c¢ok hastaligin
tedavisinde ve gelisiminin engellenmesinde
‘tamamlayic1 tip (bitkisel tedavi)’ olarak yadsinamaz
derecede 6nem arz etmektedir. Yapilan arastirmalar
sadece kanser hastalarinda degil, saghkl bireylerde
de bitkisel tirtin kullanimina yo6nelik artan bir ilginin
oldugunu géstermektedir (Greenwell ve Rahman,

2015; Roy ve ark., 2018; Gezici ve Sekeroglu, 2019a).
Bu dogrultuda, tamamlayici tip alaninda da énem arz
eden Clinopodium serpyllifolium subsp. serpyllifolium
bitkisinin, ¢igek ve gévde kisimlari farkli ¢oziiciiler ile
ekstrakte edilen ozutler kullanilarak antikanser,
antiproliferatif ve apoptotik aktivitelerinin ortaya
konuldugu bu ¢aligmadan elde edilen veriler 1s181nda,
tip alaninda kanser arastirmalarinda ve farmasotik
alanda ila¢ yapiminda kullanilma potansiyelinin
literatiire kazandirildig1 diisiniilmektedir.

Cizelge 2. Bitki ekstrelerinin akciger ve beyin glioma hicre hatlarinda apoptotik hiicre 6lumiu tizerine etkileri
Table 2. Effects of the plant extracts on apoptotic cell death in lung and brain glioma cells

Bitki 6ziit Absorbans Degeri #+ Standart Sapma

Konsantrasyonlari

(Concentrations of (Absorbance? + Standard Deviation)
a the plant extract) Cicek-EtOH  Cicek-dH20 Govde-EtOH Govde-dH20
)
és 3 Opgmlthb 0.968+0.002  0.830+0.045 0.874+0.016 0.801+0.098
® = 10pugmL? 2.382+0.056  2.590+0.008 2.040+0.010 2.083+0.002
S 8 20 pg mLt 3.270+0.028  4.028+0.091 3.005+0.076 3.296+0.036
a @ 50 pg mL1 4.102+0.014  4.805+0.007 3.941+0.025 4.069+0.021
% g 100 ug mL1 5.351+0.080  5.648+0.050 5.062+0.019 5.302+0.095
< Doksorubisin ¢ 5.021£0.012 (100pg/mL konsantrasyonda)

Bitki 6ziit Absorbans Degeri #+ Standart Sapma

Konsantrasyonlar:
g (Concentrations of (Absorbance? + Standard Deviation)
® ’2 the plant extract) Cicek-EtOH  Cicek-dH20 Govde-EtOH Gévde-dH20
% 'y OpgmLtb 0.902+0.035  0.845+0.017 0.904+0.088 0.851+0.052
g % 10 pg mL? 1.640+0.007  1.651+0.090 1.325+0.010 1.412+0.024
] O 20 ug mL1 2.561+0.054  2.963+0.027 2.110+0.049 2.408+0.095
% § 50 pg mL1 3.258+0.006  4.037+0.039 2.851+0.070 3.170+0.016
. E 100 ug mL1 4.369+£0.078  4.805+0.066 3.967+0.021 4.164+0.003
T 2 Doksorubisin © 4.016£0.037 (100pg/mL konsantrasyonda)

Bitki 6ziit Absorbans Degeri #+ Standart Sapma

Konsantrasyonlari

(Concentrations of (Absorbance? + Standard Deviation)

the plant extract) Cicek-EtOH  Cigek-dH20 Govde-EtOH Govde-dH20
% > 0pgmLth 0.876+0.092  1.001+0.064 0.811+0.001 0.780+0.050
o8 10 pg mLt 1.395+0.015  1.624+0.077 0.948+0.009 1.014+0.061
g ; 20 pg mL? 2.240+£0.060  2.650+0.083 1.645+0.079 2.060+0.014
E 8 50 pg mL? 2.820+0.080  3.142+0.020 2.340+0.036 2.785+0.010
© 8 100 pg mL? 3.180+0.071  3.592+0.011 2.701+0.009 2.974+0.006
© <  Doksorubisin ¢ 3.925+0.049 (100pg/mL konsantrasyonda)

aVeriler 24 saat uygulama sonrasinda hiicrelerdeki DNA fragmentasyonunu ifade eden mono ve oligoniikleozom

zenginlesmesi + standart sapma olarak ifade edilmigtir.

b0 pg mL ! 6ziit uygulanan hiicreler, negatif kontrol olarak kullamilmistir.
¢ Doksorubisin (100 pg ml-1), pozitif kontrol olarak kullanilmistir.

Bitkinin  sitotoksik  kapasitesine baglhh  olarak
antikanser 6zelliginin ortaya konulmasina yo6nelik
Shehab ve Abu-Gharbieh (2012) tarafindan yapilan
calismada bitkinin toprak dsti  kisimlarindan
hazirlanan su ekstresinin ve yaginin insan kolorektal
(HCT-116) ve insan meme (MCF-7) kanseri hiicre
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hatlar1 tizerindeki sitotoksik etkileri arastirilmigtir.
Yapilan ¢alismada bitkinin yaginin HCT ve MCF-7
hiicrelerinde sirasiyla 10 ug ml! ve 12.7 pg ml! ICso
degerleri en yluksek oranda sitotoksik etkiyi
gosterirken, su 6ziita ise HCT ve MCF-7 hiicrelerinde
sirasiyla 11 pg ml?! ve 19.6 ug ml! ICso degerleri ile
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en az sitotoksik etkiyi gostermigtir. Ayrica El-Huneidi
ve ark. (2020) tarafindan, bitki tiiriiniin farkh
konsantrasyonlardaki ekstrelerinin insan meme
(MCF-7) ve kolorektal (HCT-116) kanser hiicre
hatlar1 uzerindeki sitotoksik aktiviteleri; MCF-7
hiicrelerine kargi 99.7 ug ml! ve 208.9 ug ml?
araliginda degisen ICso degerleri ile, HCT-116
hiicrelerine karsi ise sirasiyla 98.8 ug ml! ve 403.8 pg
ml! arasinda degigsen ICso degerleri ile belirlenmigtir.
Calisma kapsaminda arastirilan bitki ekstrelerinin
sahip oldugu gui¢li sitotoksik etkinin, bitkinin ihtiva
ettigi fenolik asitlerden, flavonoidlerden, monoterpen
ve seskiterpen olmak tlzere zengin biyoaktif
bilesenlerden kaynaklandig1 dustintilmektedir.

C. serpyllifolium subsp. serpyllifolium bitkisinin
farkli hicre hatlarina  karsi  antiproliferatif
kapasitelerinin ortaya konulmasina yoénelik yapilan
onceki calismalarda, bitkinin sulu ekstresinin insan
globlastoma (U-87) hiicre hattinda &énemli 6l¢iide
hiicre canlihgimi azaltarak antiproliferatif aktivite
gosterdigi rapor edilmistir (Ko¢ ve ark., 2017).
Bitkinin etanol ekstresinde RP-HPLC ile belirlenen
fenolik asit (gallik asit, kafeik asit, vanilik asit,
ferulik asit) ve flavonoid (kuersetin, rutin,
kaempferol, apigenin) bilesiklerinin cesitli kanser
hiicrelerinde hiicre canliligini azalttig1 gosterilmigtir
(Kampa ve ark., 2004; Mutalib ve ark., 2016).
Bitkinin ugucu yag: ile yapilan bagka bir ¢alismada,
pulegone (%33.40) bilesiginin M14, A2058 ve A375
hiicreleri {izerinde; linool (%30.29) bilesiginin ise
A549 ve HepG2 hiicre hatlarn  tzerinde
konsantrasyona baglh olarak antiproliferatif etki
gosterdigi bildirilmistir (Telci ve Ceylan, 2007;
Kladniew ve ark., 2014; Russo ve ark., 2016). Yine
bitkinin ugucu yagindaki ana  bilegenlerden
piperitone, piperitone oksit, a-pinen, B-pinen
bilesiklerin kanserli hiicre hatlarinda
proliferizasyonun baskilanmasina katki sagladigi
yoniinde calismalar mevcuttur (Lampronti ve ark.,
2006; Sobral ve ark., 2014; Yagi ve ark., 2016).
Bitkinin ugucu yag ve ekstrelerinde bulunan zengin
aktif bilegenlerin, gug¢li antiproliferatif aktivite
tizerinde 6nemli 6l¢lide etkisi oldugu gorilmektedir.
Bitkinin farkli kisimlarindan distile su ve etanol
cozuiculeri kullanmilarak elde edilen ekstraktlarin
A549, H1299 ve C6 hiicre hatlarinda hiicrelerin
cogalmasini engelleyerek ve hicrelerin canlhihigini
azaltic1 yondeki giigli etkileri, literatiirde yer alan
onceki raporlar ile uyumlu oldugu gortlmiustir.

DNA hasarina bagh olarak C. serpyllifolium subsp.
serpyllifolium bitki ekstrelerinin apoptotik hicre
6limiini tegvik edici kapasitelerinin de arastirildig:
bu calismada literatir acisindan ilk kez tarafimizca
gerceklestirilmigtir. Ekstraktlarin sahip oldugu
apoptotik aktivite; bitkinin biinyesinde yuksek
miktarda bulunan kuersitrin (%4.72), ferulik (%4.30),
rozmanirik (%4.23) ve benzoik asit (%2.08) basta
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olmak tuzere fenolik asitler, flavonoidler ve ucucu
yagindaki diger bilesikler ile aciklanabilir (Zhang et
al., 2018; El-Huneidi ve ark., 2020).

SONUC ve ONERILER

Son yillarda yapilan arastirmalar dogrultusunda,
tibbi aromatik bitkiler ve bitkilerden elde edilen
biyoaktif bilesenlerin insan saglig1 tizerinde oldukcga
faydali biyolojik etkilere sahip oldugu gérilmektedir.
Ozellikle endojen ve ekzojen kaynakli serbest radikal
turlerinin neden oldugu oksidatif stresin; kanser,
diyabet, kardiyovaskiiler ve norodejeneratif
hastaliklar basta olmak tizere pek ¢ok hastaligin
olusumuna ve gelisimine yol ac¢tigi bilinmektedir.
Tibbi ve aromatik bitkiler ile diyetle alinan dogal
bilegikler ise; serbest radikal tiirlerinin neden oldugu
oksidatif hasarlar1 noétralize edebilecek bilegikler
ihtiva etmektedir. Ozellikle tamamlayic: tip alaninda
pek ¢ok hastaligin seyrinin yavaglatilmasinda ve
tedavisinde, tibbi o6zellige sahip bitkiler ve bu
bitkilerden izole edilen etken maddelerin oldukc¢a
onemli bir yere sahip oldugu goérilmektedir. Bu
baglamda, Gaziantep ve c¢evresinde dogal olarak
yetismekte olan ve halk arasinda ‘tas nanesi’ olarak
bilinen Clinopodium serpyllifolium subsp.
serpyllifolium bitkisinin ¢i¢cek ve gévde kisimlarindan
farkli coziiciuler kullanilarak elde edilen ekstrelerin
antikanser, antiproliferatif ve apoptotik aktiviteleri
ortaya konulmusgtur. Bitki tirta ile ilgili yapilan
literatiir taramalar1 dogrultusunda kanser gelisimini
onleyici etkiye sahip olup olmadigini ortaya koyan
herhangi bir ¢alismaya rastlanmadigindan, sunulan
calismadan elde edilen bulgular literatiire yeni
bilgiler kazandirma potansiyelindedir. Bu ¢alismadan
elde edilen bulgular dogrultusunda, caligsilan bitki
turt kanser hicrelerinde sitotoksisiteye baglh olarak
hiicre c¢ogalmasimi engelleyici ve apoptotik hiicre
6limunt tegvik edici etkisiyle tip ve farmasotik
alanlarinda daha sonra yapilacak olan ¢aligmalara 6n
veri sunmaktadir.

TESEKKUR

Sunulan calisma Kilis 7 Aralik Universitesi, Bilimsel
Arastirma Projeleri (BAP) Yénetim birimi tarafindan
finansal olarak desteklenmistir (Proje kodu:
1928MAP1).

Aragtirmacilarin Katki Orani Beyan Ozeti

SG: Calisma alt yapisinin hazirlanmasi, laboratuvar
analizlerinin gerceklestirilmesi, istatistiksel
hesaplamalarin yapilmasi ve makalenin yazilmasi;
DK: Bitki ekstrelerinin hazirlanmasi ve literatiirlerin
taranmasiy;, FY: Bitki materyal temini ve taksonomik
acidan bitkinin tanimlanmasi; NS: Calisma fikrinin
ortaya atilmasi ve makalenin dizenlenmesi. Tum
yvazarlar makalenin son halini okumus ve
yayinlanmasi i¢in onay vermiglerdir.
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Cikar Catismasi Beyan:

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catismasi olmadigini beyan ederler.
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OZET Botanik

Diinyadaki tim ekosistemlerin devamhligi igin bitkiler ve

polinatorler arasindaki iligkinin stirdirilebilirligi vazge¢ilmez bir Aragtirma Makalesi
ihtiyactir. Kiiresel o6lgekte tozlagsmanin 6nemi giderek daha iyi

anlagilmaktadir. Ozellikle kentsel alanlarda azalan tozlastirict Makale Tarihgesi
nifusunun dengelenmesi ve kent ici biyogesitliliginin desteklenmesi Gelis Tarith1i  :10.07.2021

6nemli bir konudur. Kentsel yesil alanlarda yurutilen birgok Kabul Tarihi :01.10.2021
bitkilendirme faaliyeti bu baglamda yesil altyapilar1 desteklemenin

yan1 sira arilar ve diger tozlayicilar i¢in insan eliyle olusturulmus Anahtar Kelimeler
yeni kaynaklar yaratmaktadir. Ancak kentsel alanlarda kullanilan Ar bitkileri
peyzaj bitkilerinin polinasyon potansiyelleri tlizerine c¢alismalar Artvin

oldukca yetersizdir. Bu bakimdan ¢alisma kapsaminda Artvin kent Peyzaj

merkezi 6rneginde kamusal ve yar1 kamusal alanlar1 iceren 8 6rnek Polinasyon

alanda kullanilan peyzaj sus bitkilerinin bal arilari basta olmak Sts bitkileri

uzere polinatorlerin bu bitkilerden faydalanabilme o6zellikleri
incelenmigtir. Yapilan saha ¢alismalar1 sonucunda 50 familyaya ait
toplam 140 odunsu takson tespit edilmistir. Taksonlarin 6zellikleri
dogrultusunda veri grafikleri hazirlanmig ve taksonlarin gigeklenme
periyotlar: ile Artvin ili ortalama iklim degerleri arasindaki iligkiler,
arilarin aktif oldugu doénem ile karsilastirilmigtir. Elde edilen
verilere gore taksonlardan 108’inin arilarin faydalanabilecegi polen,
nektar ve salg1 urtnlerinden en az ikisini barindirdig: ve ¢iceklenme
periyodu bakimindan 7 aya varan bir donemde arilarin faaliyetlerini
destekleyen taksonlarin oldugu tespit edilmistir. Sonug¢ olarak
kentsel peyzajda kullanmilan odunsu taksonlarin arilara kaynak
olusturma ac¢isindan 6nemli bir potansiyeli bulunmaktadar.

Assessment of Woody Taxa Used in Urban Landscape in terms of Bee Plants Attributes; Artvin City
Example

ABSTRACT Botanic
Sustainability of a healthy relationship between plants and )
pollinators is an indispensable need for the survival of all ecosystems Research Article
in the world. The importance of pollination on a global scale is Article Hi
increasingly recognized. Balancing the declining pollinator tlc_ Bl I
Lo ] o S Received ©10.07.2021
population in urban areas and supporting urban biodiversity is an A d : 01.10.2021
important issue. Planting in urban green spaces not only supports HECEN R
green infrastructures, but also creates new man-made resources for
; . L Keywords
bees and other pollinators. However, studies on the pollination Artvin
potential of landscape plants used in urban areas are insufficient.
o : o ) . Bee plants
Within the scope of this study, the ability of pollinators (especially Landscape
honeybees) to benefit from ornamental plants in 8 public and semi- Ornamental plants
public sample areas in Artvin city center were examined. As a result Pollination

of the field studies, a total of 140 woody taxa belonging to 50 families
were identified. Data graphics were prepared depending on the
characteristics of taxa and the relationships between the flowering
periods of taxa and the average climatic values of Artvin province
were compared with the period when the bees were active. According
to the results, it was determined that 108 of taxa contain at least two
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of the pollen, nectar and secretion products that bees can benefit
from, and these taxa support the activities of bees for a period of up
to 7 months in terms of flowering. Consequently, woody taxa used in
urban landscape have an important potential to be a resource for

bees.

Ataf Sekli: Sar1 D, 2022. Kentsel Peyzajda Kullamlan Odunsu Taksonlarin Ar1 Cekme Potansiyelleri Bakimindan
Degerlendirilmesi; Artvin Kent Merkezi Ornegi. KSU Tarim ve Doga Derg 25 (5): 986-998. https://doi.org/
10.18016/ksutarimdoga.vi.969594

To Cite : Sari D, 2022. Manuscript Title. Assessment of Woody Taxa Used in Urban Landscape in terms of Bee Plants
Attributes; The Sample of Artvin City Center. KSU J. Agric Nat 25 (5): 986-998. https://doi.org/10.18016/
ksutarimdoga.vi.969594

GIRIS familyasi tyelerinden baz1 bécekler,

Tozlasmay1 (polinasyon) saglayan béceklerin biiyiik yararlanamadiklar sekerleri.d.lsarl atarak arilarin

cogunlugunu arilar olusturmaktadir (Calderone, faydalandig1 “basura” ve “balgigi” olarak adlandirilan

2012). Arilar, ekosistem dengesinin korunmasi ve
bitkisel uretim ic¢in esastirlar. Diinya tlizerinde
bulunan tim c¢icekli bitkilerin yaklasik %801 basta
arilar olmak tizere polinatér hayvanlara ihtiyac
duymaktadir (Giiler, 2016). Bu bakimdan polinatér
boécekler, kiiresel biyogesitliligin anahtar
bilegenidirler (Potts ve ark., 2010; Bagriacik, 2017).
Arilar ve diger polinatérlerin yardimiyla olusan
tozlasma sayesinde bitki genetik cesitliligine katki
saglanmisg olur.

Polinatorler tarafindan gerceklestirilen tozlasma
sonucu elde edilen iriinler, insan gidasinin yaklagik
%35’ini olugturmaktadir (Ozdemir ve Ulus, 2018). Bal
arilar1 olmadigr durumda cogu kultir bitkilerinde
%90’a varan verim kayb1 meydana gelecektir (Klein
ve ark., 2007; Bagriacik, 2017). Bununla birlikte bal
arilar1 (Apis mellifera L.) ekonomik acidan en degerli
tozlagtiricilardir  (Ozbek, 2003). Eski dénemlerde
dogal ortamda avcilik yapilarak toplanmaya baglanan
bal, glinimuzde modern yontemlerle de
uretilmektedir. Son yillarda bal diginda diger ar
urinlerinin kullanim alanlarinin artisina bagh olarak
polen, propolis, ar1 siitii, ar1 zehiri ve apiterapi
uygulamalarimin 6nemi de artmistir (Oztiirk ve ark.,
2017).

Dunyadaki yaklasik 250 binden fazla c¢icekli bitki
turt arasindan 20 bininin arilar tarafindan ziyaret
edildigi bilinmektedir (Geslin ve ark., 2016; Bahadirl
ve Giil, 2020). Bal arilar1 beslenmek ve bal depolamak
igin birgok bitkiyi ziyaret ederler. Bu ziyaretleri
sirasinda bazi bitkilerden protein kaynagi olarak
polen (cicek tozu), bazilarindan ucmalar: icin gerekli
enerjiyi veren nektar (sekerce zengin bir siv1),
bazilarindan hem polen hem de nektar, bazilarindan
ise salg: toplarlar (Giler, 2016; Oztiirk ve ark., 2017;
Karakose ve ark., 2018). Polen sadece ciceklerde
bulunurken, nektar baz1 ¢igeklerin 6zel kisimlarinda,
gévde, dal, yaprak ve yaprak saplarinda bulunur.
Salgilar ise gévde, dal, yaprak, yaprak sapi, meyve
gibi organlarda bulunabilecegi gibi (Oztiirk ve ark.,
2017) béceksel kaynakl salgilar da séz konusudur.
Bitki 6z sular1 ile beslenen Aphidae ve Coccidae
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boceksel kaynakli nektarlari olustururlar (Korkmaz,
2013).

Bal arilarinin bitki tercihinde bitkinin nektar ve
polen ozellikleri etkili olmaktadir (Sarikaya ve ark.,
2012). Bu durum aym1 zamanda nektar ve polen
kaynaginin yakinlik, miktar, kalite ve varyetesine
bagh olarak da degigebilmektedir (Genc ve Dodologlu,
2011). Bitkilerin nektar verimine; bitkinin tiir
ozelligi, nektar - salg1 miktari, ¢iceklenme durumu ve
siiresi gibi faktorlerle birlikte gilines 15181, hava
sicakligi, nem ve toprak ozellikleri gibi ekolojik
faktorler de etki etmektedir. Arilar genel olarak seker
orani yuksek nektarlar: tercih etmektedir ve bitkinin
urettigi nektarin kalitesi ¢igeklenme stiresine, bu
stiredeki nektar salgilama miktarina ve nektarin
seker oranina baghdir ( Anonim, 2021a).

Kiresel olgekte tozlayicilarin  giderek azaldig:
kaydedilmistir (Garbuzov ve Ratnieks, 2014). I¢inde
bulundugumuz ylzyilda artan insan faaliyetleri
sonucu degisime ugrayan cevre ve iklim o6zellikleri
bir¢ok polinatér tiirtin ihtiyaci olan habitatlarin yok
olmasina neden olmaktadir. Dolayisiyla ekonomik ve
ekolojik strdurilebilirlik agisindan ekosistemlerde
yeri doldurulamaz bir degere sahip olan tozlasgtirici
béceklerin (Bagriacik, 2017; Ozdemir ve Ulus, 2018)
ginimiizde degeri daha c¢ok anlagilmigtir. Bu
baglamda tozlasma bahgeleri (pollinator gardens),
ozellikle kentsel alanlarda azalan tozlastirici
nifusunun dengelenmesi ve kent igi biyogesitliligin
desteklenmesi agisindan 6nem tagimaktadir. Kentsel
yesil alanlarda yuritiilen bir¢cok bitkilendirme
faaliyeti bu baglamda kentsel yesil altyapilar
desteklemenin yani sira arilar ve diger tozlayicilar
icin 1insan eliyle olusturulmus yeni kaynaklar
yaratmaktadir.

Bal arilarinin faydalanabilecegi polen ve nektarh
bitkilerin arastirilmasina yonelik bazi1 g¢aligmalar
mevcuttur (6rn; Sorkun ve Dogan, 1994; Sirali ve
Deveci, 2002; Karaca ve ark., 2006; Karaca, 2008;
Albaba, 2015; Deveci ve ark., 2015; Giines Ozkan ve
ark., 2016; Bekar ve Acar, 2017; Bahadirlh ve Gil,
2020). Ancak kentsel alanlarda kullanilan ve kentsel
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floristik c¢esitliligi destekleyen peyzaj sus bitkilerinin
polinasyon potansiyelleri tzerine ¢alismalar oldukca
yetersizdir. Ozellikle peyzaj bitkilendirmelerinde
yogun kullanilan sis bitkilerinin ekolojik, fonksiyonel
ve morfolojik  o6zelliklerinin  bilinmesi, dogru
kompozisyonlarda, dogru amaclar cercevesinde ve
dengeli bir sekilde kullanilmasi 6nem arz etmektedir.
Bu bakimdan c¢alisma kapsaminda Artvin kent
merkezi 6rneginde cesitli kamusal ve yar1 kamusal
alanlarda peyzaj bitkilendirmesi i¢in kullanilan
odunsu taksonlarin bal arilar1 basta olmak tizere
polinatorlerin  bu taksonlardan faydalanabilme
ozellikleri incelenerek literatire katki saglanmasi
amaclanmistir.

MATERYAL ve METOD

Calisma alan1 olan Artvin, Tirkiye'nin Dogu
Karadeniz Bolgesinde 40,35 ile 41,32 Kuzey enlemleri
ve 41,07 ile 42,00 Dogu boylamlar1 arasinda yer
almaktadir (Anonim 2021b). Sahip oldugu cografi
ozellikleri nedeniyle engebeli bir topografyaya
sahiptir. Turkiye'nin 6nemli nehirlerinden biri olan
Coruh nehri, sehrin icinden ge¢mektedir. Bu sayede
Coruh nehri ve olusturdugu havza énemli bir mikro
iklim yaratarak Artvin ilinde farkli iklim tiplerinin
bir arada goriilmesine olanak saglamaktadir. Vadinin
iklimi tipik olarak Karadeniz, Akdeniz ve ¢ogunlukla
da I¢ Anadolu Bélgelerinin karasal iklim ézelliklerini
gosterir. Boylece yazlari sicak ve kurak, kiglari ise
normal karasal iklime oranla kismen 1lik ve daha az

olmustur (Sar1 ve Karasah, 2020).

Calisma kapsaminda ornek alanlar belirlenirken
Artvin il merkezinin kisa mesafede degisen hareketli
topografik yapis1 da dikkate alinarak kentsel peyzaj
dokusu igerisinde yer alan farkli alanlardan kamusal
ve yarli kamusal mekanlar tercih edilmistir. Bu
baglamda, Valilik ve téren alani, Atapark, kent
merkezi cadde ve refiij alani, kurum lojmanlari,
CEDAS kurum bahgesi, Universite lojmanlari, Artvin
Coruh Universitesi (ACU) merkez yerlegkesi, DSI
Coruh Park olmak tzere 8 6rnek alanda incelemeler
yapilmistir (Sekil 1). Ornek alanlardan en alt
rakimda olan ACU Merkez Yerlegkesi (210m) ile en
ust rakimda olan Valilik ve Téren Alani arasindaki
kot farki yaklasik 300 m’dir. 2018-2019 yillan
arasinda yapilan saha gezilerinde, her bir o6rnek
alanin sahip oldugu acik yesil alanlardaki mevcut
odunsu bitki taksonlar: envanter tablolarina islenmis
ve fotograflanmigtir. Ornek alanlarda bulunan otsu
peyzaj bitkileri mevsimlik olarak kullanildiklar1 ve
kalici  olmadiklar1 igin arastirma kapsamina
alinmamistir. Teshis ¢alismasinin kolay olmasi igin
ilkbahar ve yaz mevsimlerinde ziyaretler
gerceklestirilmistir. Teghis ¢aligmalar1 ve bitki
turlerinin ozellikleri i¢in gesitli literatiir
kaynaklardan ve bitki veri tabanmi web sitelerinden
faydalanilmistir (Davis 1965-1988; Sorkun, 2008;
Anonim, 2013; Akkemik, 2014a; Akkemik, 2014b;
Eminagaoglu, 2015; Johannsmeier, 2016; Oztiirk ve
ark., 2017; Karakose ve ark., 2018; Anonymous,

yagish bir iklim gorilir (Cizelge 1). Tklimdeki bu 2021a; Anonymous, 2021b; Anonymous, 2021c;
cesitlilik kisa mesafelerde bile cok cesitli bitki drtiisii Anonim, 2021c).

tipleri ve zengin bir floranin gelismesine neden

Cizelge 1. Artvin ili ortalama iklim degerleri (1949 - 2020) (Anonim, 2021d)

Table 1 Average climate values of Artvin province (1949 - 2020) (Anonim, 2021d)

ARTVIN Ocak Subat Mart Nisan Mayis Haziran Temmuz Agustos Eylil Ekim Kasim Aralhk  Yilhik
Ortalama 2.6 3.8 7.0 11.8 16.0 18.9 20.9 21.1 18.3 14.2 9.0 4.4 12.3
Sicaklik(°C)

Ortalama 2.4 3.3 4.3 5.2 6.3 7.1 6.7 6.8 6.4 4.8 3.2 2.1 4.9
Guneslenme

Siiresi (saat)

Ortalama Yagish 12.4 11.1 13.6 14.1 16.1 14.6 9.8 10.0 10.3 12.3 11.8 11.6 147.7
Giin Sayis1

Ayhk Toplam  84.1 71.3 59.2 53.3 53.1 49.1 30.6 29.4 37.7 61.1 74.7 86.2 689.8
Yagis Miktar:

Ortalamasi (mm)

Saha c¢alismalarindan sonra bitki ézelliklerine iligkin yapmigtir.  Hazirlanan ~ veri  grafiklerinde,
ham envanter tablolar1 Excel ortamina aktarilmigtir. taksonlarin ¢igeklenme periyotlar1 ile Artvin ili

Ornek alanlarda tespit edilen her bir Dbitki
taksonunun bilimsel adi, familyasi, Tirkge adi, dogal
— egzotik durumu, biyiume formu, yaprak o6zelligi
(herdem yesil, yaprak doken), ar1 ceken ozelligi
(polen, nektar, salg1), 6rnek alanda bulunma durumu
(0 ve 1 olarak), alanda bulunma adedi, ¢iceklenme
dénemi (ay olarak) bilgileri girilerek 6rnek alanlara
gore dagilimlar1 ve diger gruplandirma analizleri
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ortalama iklim degerleri arasindaki iligkiler, arilarin
aktif oldugu donem ile kargilagtirilmigtir. Bu bilgiler
1s1ginda  Artvin  kentinde ar1 bitkisi potansiyeli
tasiyan odunsu taksonlar ortaya konularak, kentsel
alanlarda arilara kaynak olusturmasi bakimindan
peyzaj sis bitkilerinin 6nemi irdelenmis ve kullanim
alanlarina yonelik bazi 6neriler getirilmigtir.
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KARADENIZ

4: Kurum lojmanlar1, 5: CEDAS kurum bahgesi, 6: Universite lojmanlari, 7: ACU merkez yerleskesi, 8 DSI Coruh

Park)

Figurel. Location of Artvin city center and sample areas (1° Governorship and ceremony area, 2: Atapark, 3 City center
street and refuge area, 4 Institutional housing, 5 CEDAS garden, 6° University housing, 7: ACU central campus, 8-

DSI Coruh Park)

BULGULAR ve TARTISMA

Calisma kapsaminda incelenen 8 ornek alanlarda,
36’s1 acik tohumlu (Gymnosperm), 104 kapal
tohumlu (Angiosperm) olmak iizere 50 familyaya ait
toplam 140 takson tespit edilmistir (Cizelge 2).

Takson gesitliliginin 6rnek alanlara gére dagilimina
bakildiginda en fazla takson sayisina ACU Merkez
Yerleskesinde (69 takson), en az takson sayisina ise
Kurum lojmanlarinda (12 takson) rastlanmistir (Sekil
2). Bitki tiirii cesitliliginin fazla ve ya az olmasinda,
ornek alanlarin sahip oldugu yesil alan biytkluga ve
kullanim amaci etkili olabilmektedir.

Ornek alanlarda en fazla taksona sahip familya
gruplari siras1 ile Rosaceae (20 takson), Cupressaceae
(18 takson), Pinaceae (14 takson), Sapindaceae (13
takson), Oleaceae (8 takson), Leguminosae (5 takson)
olarak siralanmaktadir (Sekil 3).

71 adet takson herdem yesil, 69 adet takson ise
yaprak doken oOzellige sahiptir. Taksonlarin % 631
egzotik ve egzotik-kultir kokenli, geri kalani ise
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dogal taksonlardan olugsmaktadir (Sekil 4). Tiirkiye'de
ozellikle kentsel yesil alanlarda yoreye ait bitki
turlerinden ziyade c¢ogu egzotik kokenli olan sis
bitkilerinin agirlikli olarak kullanildig: gériilmektedir
(Karagah ve Sari, 2018). Burada dikkat ceken
bulgulardan biri de ¢aligma alaninda belirlenen dogal
taksonlarin gogu Tirkiye i¢in dogal olmakla birlikte
bazi taksonlar Artvin ili icin dogal degildir (6rn;
Cercis siliquastrum). Bununla birlikte Artvin icin
dogal baz1 taksonlarin, ornamental (siis) bitki olarak
yetistirilip peyzajda kullanilan taksonlardan (6rn;
Acer cappadocicum ‘Aureum’) oldugu belirlenmistir.

Biiytime formu bakimindan, taksonlarin % 52’si agag,
% 12’s1 agagcik, % 1’1 ¢ali — agacgcik, % 29'u ¢ali, % 4’4
sarmasik, % 1’1 bodur agactir. Tespit edilen
taksonlarin ar1 c¢eken oOzelliklerine g6re oransal
dagilimlari, polen ve nektar lreten takson sayis1 %
52, polen % 20, polen ve salg1 % 15, polen, nektar ve
salg1 % 10, hicbiri % 1, nektar % 1, salg1 % 1 seklinde
siralanmaktadir (Sekil 5 ).
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Cizelge 2. Calisma kapsaminda tespit edilen taksonlar ve &zellikleri (familyalarin alfabetik sirasina gore

siralanmigtir)
Table 2. A Iist of taxa identified in study areas and their attributes (listed in alphabetical order of families)
o Toplam . An
Takson ad1 Tiirkge adi Ozellik f].3uyume B.l.l lumpa takson C}cekle.nme ¢ceken
ormu ytizdesi . dénemi A
adedi 6zellik
Adoxaceae
Viburnum opulus L Gilaburu, adi Dogal Cali* 38 45 5-7 PN
’ kartopu
Viburnum tinus L. Defneyaprakh Dogal Cali** 50 127 2-4 PN
kartopu
Agavaceae
Agave americana L Sabirlik, ytiz y1l Egzotik  Calh** 13 9 7-9 PN
) bitkisi
Altingiaceae
Liquidambar styraciflua L. Amerika sigla agaci  Egzotik  Agag* 25 12 3-5 PN
Anacardiaceae
Duman agaci,
Cotinus coggygria Scop. peruka c¢alisi, boyact  Dogal Agaccik* 25 13 6-7 PN
sumag
Apocynaceae
Nerium oleander L. Zakkum Dogal Cali** 63 45 6-10 Yok
Araliaceae
Fatsia japonica (Thunb.) Decne. & Japon aralyasi, Egzotik  Cali** 13 1 910 PN
Planch. Japon ¢inari
Hedera helix L. Orman sarmagigl Dogal Sarmagik** 38 57 8-11 PN
Arecaceae
Chamaerops humilis L. Bodu}ﬂ ye?paze Egzoflk' Agag** 13 5 4-6 PN
palmiyesi Kiltir
. Cin yelpaze
ey ot oo ) palmiyesi, tll Egnotik  Agag™ 13 1 56 PN
palmiye
Asparagaceae
Yucca filamentosa L. Avize cicegi Egzotik  Cali** 13 9 6-8 PN
Berberidaceae
. . s . Egzotik-
Berberis thunbergii ‘Atropurpurea Japon kadintuzlugu Kiltiir Cal* 38 453 4-5 PN
Nandina domestica Thunb, Nana® ~ Lodur cennet Bgzotik (v u 13 30 67 PN
bambusu Kultur
Betulaceae
Betula alba 1. Adi hus Dogal Agac* 13 30 3-4 S
Bignoniaceae
Katalpa, sigara
Catalpa bignonioides Walter agaci, Hint fasulye Egzotik  Agac* 25 11 5-7 PN
agaclt
Buxaceae
Buxus sempervirens L. Simgir Dogal Cali** 25 100 3-5 PN
Caprifoliaceae
Abelia x grandiflora (André) Rehd Biyiik ¢igekli E%ZOflk' Cal * 13 20 6-9 PN
abelya Kultir
Lonicera caprifolium L. Sarilict hanimeli Dogal Sarmagik** 25 21 5-7 PN
Celastraceae
Euonymus alatus (Thunb.) Siebold (?;E taflani, yanar Egzotik  Cal* 13 7 5-7 PN
FEuonymus japonicus Aureus’ Altuni taflan Ei?&t;rk Cali** 38 220 5-7 PN
Fuonymus japonicus Thunb. Japon taflam Egzotik  Cali** 25 2 5-7 PN
Cornaceae
Cornus alba L. Stis kizileigy Egzotik  Cali* 13 50 5-6 PN
Cupressaceae
Chamaecyparis lawsoniana Lawson yalanci . -
(A.Murray bis) Parl. servisi Egzotik  Agag™ 13 3 35 P
. . Stttn formlu mavi .
Guamucopuilweniont o B a3 6 s
servisi
Chamaecyparis lawsoniana Elvudi lawson Egzotik- . :
Ellwoodiy’ yalanci servisi Kiltur Agag™* 13 3 34 P
Chamaecyparis lawsoniana Mavi lawson yalanci  Egzotik- - A
Pembury Blue’ servisi Kultir Agag™ 13 2 45 P
Chamaecyparis nootkatensis Sarkik nutka servisi Egzotik-  Agac** 13 3 5 P
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Pendula’
Cryptomeria japonica ‘Globosa
Nana’

Cupressus arizonica ‘Conica’

Cupressocyparis x leylandii ‘Gold
rider’

Cupressocyparis x leylandii
(A.B.Jacks. & Dallim.) Dallim.

Cupressus macrocarpa ‘Gold Crest’

Cupressus sempervirens L.
Juniperus chinensis L.

Juniperus communis L. ‘Compressa’

Juniperus sabina

Juniperus horizontalis Moench
Platycladus orientalis (L.) Franco
Thuja occidentalis L. (Thuja
occidentalis ‘Smaragd’)

Thuyja plicata Donn ex D.Don
Cycadaceae

Cycas revoluta Thunb.

Ericaceae

Arbutus unedo L.
Fagaceae

Quercus ilex L.
Ginkgoaceae

Ginkgo biloba L.
Hydrangeaceae
Hydrangea macrophylla (Thunb.)
Ser.

Philadelphus coronarius L.
Hypericaceae

Hypericum calycinum L.

Juglandaceae

Juglans regia L.

Lamiaceae

Lavandula angustifolia Mill.
Rosmarinus officinalis L.
Lauraceae

Cinnamomum camphora (L.) J.Presl

Laurus nobilis L.
Leguminosae

Albizia julibrissin Durazz.
Cerecis siliquastrum L.

Gleditsia triacanthos ‘Sunburst’

Robinia pseudoacacia L.
Wisteria sinensis (Sims) Sweet
Lythraceae

Lagerstroemia indica L.
Magnoliaceae

Liriodendron tulipifera L.

Magnolia grandiflora L.

Magnolia x soulangeana Soul.-Bod.
Malvaceae
Hibiscus syriacus L.

Tilia platyphyllos Scop.

Tilia tomentosa Moench
Mimosaceae

Acacia dealbata Link
Moraceae

Ficus carica L.

Morus alba L.

Morus alba ‘Pendula’

Japon cami

Konik formlu
Arizona servisi

Altuni melez servi

Melez servi

Limoni Monteri
servisi

Yesil servi

Cin ardici

Adi ardig

Sabin ardici
Strtntci ardig
Dogu mazis1

Bat1 mazis1
Boylu maz1

Yalanci sagu
palmiyesi

Koca yemis
Pirnal mesesi

Mabet agaci, ginko

Ortanca
Filbahri

Biytik ¢igekli
binbirdelik galis1

Ceviz

Lavanta
Biberiye

Kafur agaci, tar¢in
agaclt
Defne

Giilibrisim
Erguvan
Gladigya
Yalanci akasya
Mor salkim

Oya agac1

Amerikan lale agaci
Buytuk ¢icekli
manolya

Mor ¢igekli manolya

Agac hatmi
Buytk yaprakh
1thlamur
Giimiisi thlamur

Mimoza
Incir
Akdut
Sarkik dut

Kultur

Egzotik-

Kultiur

Egzotik-

Kiiltir

Egzotik-

Kiiltir

Egzotik-

Kiiltir

Egzotik-

Kialtur
Dogal
Egzotik
Dogal -
Kiltur
Dogal
Egzotik
Dogal

Egzotik-

Kultur
Egzotik

Egzotik

Dogal
Dogal
Egzotik

Egzotik
Dogal

Egzotik

Dogal

Dogal
Dogal

Egzotik
Dogal

Egzotik
Dogal

Egzotik-

Kulttr
Egzotik
Egzotik

Egzotik

Egzotik
Egzotik
Egzotik

Egzotik
Dogal
Dogal

Egzotik

Dogal
Dogal
Dogal -
Kiiltir

Agac**
Agaq**
Agaq**
Agaq**
Agaq**
Agag**
Agac**
Bodur

Agag**
Cali**

Cali**
Agac**

Agac**
Agac**

Agac**

Agageik**
Agag**
Agac*

Cali*
Cali*

Calhi**
Agag*
Cali**
Cali**
Agaq**
Agageik**
Agag*
Agag*
Agag*
Agag*
Sarmagik*
Agaccik*
Agag*
Agag**
Agaccik*
Cali*
Agag*
Agag*
Agag*
Agag*
Agag*
Agacgik*

13

13

38

13

38

13
25

13

25
13
75

63
13

13

13

25

25
25

13

13

25
25

13
13

13
25
25

50
25
50

38

13
38

38

25

15

57

14

406

16
40
23

35

15

120
31

80

250
31

14

11

51

24

23

26

24

16

2-5

89

3-4

3-4

4-6

4-5

56

4-5
4-5
4-5

4-5
3-4

57

5-6

4-5

6-9
56

6-9

4-5

6-8
4-6

4-5
4-5
6-8
3-4
5-7
4-6
4-7
7-9

5-7
6-9
3-4
6-9
6-7
6-7
2-3

6-8
35

4-5

PS

PS

"U"U%"U"U"U"U"U

PN

PS

PN
PN

PN
PN

PN

PN

PN
PNS

PN

PN
PN

PN

PN

PN
PNS
PNS

PN

Yok

991



KSU Tarim ve Doga Derg 25 (5): 986-998, 2022
KSU J. Agric Nat 25 (5): 986-998, 2022

Aragtirma Makalesi
Research Article

Myrtaceae
Callistemon citrinus (Curtis) Skeels ~ Firca calis1 Egzotik  Cali** 50 42 4-10 PN
Leptospermum scoparium J.R.Forst. Okyanus mersini . - B
& G.Forst. (manuka) Egzotik  Gah 13 6 1 PN
Oleaceae
Forsythia x intermedia Zabel Altinganak Egzotik  Cali* 13 10 3-4 P
Fraxinus americana L. Amerika digbudag: Egzotik  Agag* 13 15 4-5 P
Fraxinus ornus L. Cicek digbudak Dogal Agag* 13 4 4-5 P
Jasminum officinale L. Gergek yasemin Egzotik  Sarmagik*® 13 10 6-9 N
Ligustrum japonicum Thunb. Japon kurtbagr: Egzotik gg;’;qlk** 25 102 6-9 PN
. . < - Cal, )
Ligustrum vulgare L. Adi kurtbagri Dogal Agacerk** 25 31 5-6 PN
Olea europaea L. Zeytin Dogal Agageik** 38 25 4-6 P
Syringa vulgaris L. Leylak Egzotik  Cali* 38 73 4-5 PN
Onagraceae
Gaura lindheimeri Engelm. & L. . Cali* (yar B
AGray Gavura ¢igegi Egzotik odunsu) 25 230 5-10 PN
Paulowniaceae
Paulownia tomentosa Steud. E:g:gllpavlonya, Cin Egzotik  Agag* 13 1 5-6 PN
Pinaceae
Abies nordmanniana (Steven) Spach {g)g)kg;lai{larademz Dogal Agag** 13 2 4 PS
Cledrus atlantica (Endl) Manettiex o1 o oogini Egrotik  Agag** 13 10 9-11 PS
. , Sarkik dalli mavi Egzotik- < - i
Cedrus atlantica ‘Pendula atlas sediri Kiltiir Agagaik 38 2 9-11 PS
geggzs deodara (Roxb. ex D.Don) Himalaya sediri Egzotik  Agag** 63 21 9-11 PS
Cedrus libani A.Rich. Toros sediri Dogal Agacg** 13 1 9-11 PS
Picea abies (L.) H.Karst. Avrupa ladini Egzotik  Agag** 38 154 5-6 PS
Picea glauca ‘Conica’ Konik ak ladin Ei?gik Agag** 13 3 4-5 PS
Picea orientalis (L..) Link. Dogu ladini Dogal Agag** 25 11 4-5 PS
Picea pungens ‘Glauca’ Mavi ladin B0t Agags 38 59 45 PS
. . , . Egzotik-  Bodur B
Pinus mugo ‘Mughus Bodur dag cam Kiltiir Agac** 13 2 5-6 PS
Pinus pinea L. Fistik cami Dogal Agacg** 75 59 5-6 PS
Pinus strobus L. Veymut cami Egzotik  Agacg** 13 1 4-5 PS
Pinus sylvestris L. Saricam Dogal Agacg** 25 2 7-9 PS
gjzrlfé)tsug 4 menziesii (Mirb.) Yesil duglas géknar1  Egzotik ~ Agag** 13 1 3-5 P
Pittosporaceae
%tT’”Z’i’t”;:m tobira (Thunb.) Yildiz galist Egzotik  Agacok** 38 22 46 PN
Pittosporum tobira ‘Nana’ Bodur yildiz ¢alis1 E%j?&lrk Calhi** 25 53 4-6 PN
Plantaginaceae
Hebe x franciscana ‘Variegata’ Yavg,a.n galisi, Egzotik  Cali** 13 30 3-10 PN
veronica galisi
Platanaceae
Platanus orientalis L. Dogu ¢inan Dogal Agac* 63 11 3-5 PNS
Podocarpaceae
g;izzarp us macrophyllus (Thunb.) Tag porsugu Egzotik  Agaggik** 13 5 4-5 P
Proteaceae
. L Grevilya calisi, . . i
Grevillea juniperina R.Br. cicekli ardic Egzotik  Cal 25 6 11-8 PN
Punicaceae
Punica granatum L. Nar Dogal Agaggik* 25 13 5-7 PN
Rosaceae
Chaenomeles japonica (Thunb.) Japon ayvasi, bahar . % A
Lindl. ex Spach dah Egzotik  Cali 38 10 2-6 PN
Cotoneaster dammeri C.K.Schneid. Ei];i??lg;sﬂ dag Egzotik  Cali** 13 200 5-6 PN
Cotoneaster horizontalis Decne. iiﬁiilg;g Dogal Cal* 50 255 5-6 PN
Cotoneaster lacteus W.W.Sm. Geg dag musmulas1  Egzotik ~ Cali** 13 1 6-7 PN
Cydonia oblonga Miller Ayva Dogal Agag* 13 3 5-6 PN
Eriobotrya japonica (Thunb.) Lindl.  Malta erigi, Egzotik  Agac** 38 6 11-01 PN
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yenidinya
Malus x purpurea ‘Eleyit’ Sts elmasi Egzotik  Agagcik* 25 83 4-5 PN
Malus sp. Elma Dogal Agac* 13 1 4-6 PNS
Photinia x fraseri ‘Red Robin’ Egzotik- . )
(Photinia serrulata ‘Red Robin’) Alev calisy Kultir Cah 25 180 46 PN
Prunus avium (L.) L. Kiraz Dogal Agag* 25 3 3-5 PN
Prunus cerasifera ‘Atropurpurea’ Stis erigi E?ﬁtﬂr Agacggik* 38 62 3-4 PN
Prunus serrulata Kanzan’ (Cerasus L Egzotik- . . )
serrulata var. serrulata) Stis kiraz Kultur Agagaik 38 69 45 PN
Prunus sp. Erik Dogal Agaggik* 13 2 3-4 PN
Pyracantha coccinea M. Roem. Ates dikeni Dogal Cali** 38 308 4-6 PN
Pyrus calleryana Decne. Sts armudu Egzotik  Agac* 13 15 3-4 PN
Pyrus sp. Armut Dogal Agac* 13 2 3-4 PN
. Egzotik- " A
Rosa sp. Gl Kiltiir Cali 75 428 4-10 P
Sorbus aucuparia L. Kus tvezi Dogal Agac* 13 16 5-6 PN
Spiraea japonica (L.) Desv. Japon ispiryasi Egzotik  Cali* 13 70 7-9 PN
Spirea x vanhouttei (Briot)Zab. Kecisakali Egzotik  Cali* 13 1 4-5 PN
Sapindaceae
Acer campestre L. Ova akgaagag Dogal Agac* 13 5 4-6 PNS
. . , Altuni begparmak Dogal- - B
Acer cappadocicum ‘Aureum akcaagac Kiiltiir Agag 13 3 4-5 PNS
Acer negundo L. Disbudak yaprakh g o Agack 13 1 3-4 PNS
akcaagag
. P s Cinar yapraklh Dogal- - }
Acer platanoides ‘Crimson Sentry Jirmiz1 akcaagac Kiltiir Agag 13 5 3-5 PN
Acer platanoides L. Car J aprakh Dogal Agac* 25 33 3-5 PNS
akcaagag
Acer pseudoplatanus Kirmiz1 yaprakl Dogal- S )
Atropurpureum’ dag akcaagaci Kultir Agag 13 2 45 PNS
Yalanci ¢inar < - B
Acer pseudoplatanus L. yaprakh akcaagac Dogal Agag 13 1 3-4 PNS
Acer saccharinum L. Gumisi ak¢aagag Egzotik  Agag* 25 1 3-4 PNS
Acer palmatum ‘Dissectum’ Japon akcaagaci E;{géi) tt;l; Agacgeik* 13 2 4-5 PN
Acer saccharum Marshall Seker akcaagact Egzotik  Agag* 25 45 3-4 PNS
Kirmiz gigekli . <. }
Aesculus x carnea Zeyh. atkestanesi Egzotik  Agag 13 3 4-5 PN
Aesculus hippocastanum L. Atkestanesi Egzotik  Agac* 13 20 4-5 PN
Koelreuteria paniculata Laxm. S;avc(iy kandili, fener Egzotik  Agac* 13 3 7-8 PN
Scrophulariaceae
Buddieja davidii Franch. Kelebek c¢alisi Egzotik  Cal* 13 80 7-10 PN
Simaroubaceae
Ailanthus altissima (Mill.) Swingle Kokar agag Egzotik  Agag* 38 10 5-6 PS
Tamaricaceae
Tamarix sp. Ilgin Dogal Agageik* 13 6 4-8 PN
Taxaceae
Taxus baccata L. Porsuk Dogal Agag** 25 11 4-5 P
Theaceae
Camellia japonica L. Japon kamelyas1 Egzotik  Cal** 25 7 11-4 PN
Vitaceae
lé’la;t;‘fﬁnoassus quinquefolia (L.) Amerikan sarmagi1g1  Egzotik  Sarmasgik® 38 79 5-6 PN
*! yaprak doken, **: herdem yesil, P: polen, N: nektar, S: Bal¢igi, bocek salgisi
80
70 o 64
60
51
50
Z 40
% 30 2
_;j 20 13 15 12 15
= 10
. i n B
Valilik ve  Atapark Kent Kurum  QEDAS  Universite  AQU  DSI Coruh
toren alam merkezi  lojmanlart  kurum  lojmanlan Merkes Park
cadde ve bahges1 Yerlegkesi
refii
Ornek Alanlar

Sekil 2. Takson ¢esitliliginin 6rnek alanlara gore dagilimi
Figure 2. Distribution of taxa diversity in sample areas
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Sekil 3. Taksonlarin familyalara goére dagilimi
Figure 3. Distribution of taxa according to families
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Sekil 4. Taksonlarin dogal-egzotik olma oranlari
Figure 4. The exotic to domestic ratio of the taxa
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Sekil 5. Taksonlarin ari ¢geken 6zelliklerine gére sayisal dagilimlar:
Figure 5. Numerical distribution of taxa according to their bee-attracting attributes

Calismada elde edilen verilere gére hem polen hem
nektar hem de salgi kaynag bakimindan arilarin
faydalandigt 14  takson  belirlenmigtir:  Acer
campestre, A. cappadocicum ‘Aureum’, A. negundo,
A. saccharinum, A. saccharum, A. platanoides, A.
pseudoplatanus, A. pseudoplatanus ‘Atropurpureum’,
Cercis siliquastrum, Malus sp., Platanus orientalis,
Robinia pseudoacacia, Tilia platyphyllos, Tilia
tomentosa.

Calismada elde edilen verilere gére hem polen hem
nektar hem de salgi kaynagi bakimindan arilarin
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faydalandigt 14  takson  belirlenmigtir:  Acer
campestre, A. cappadocicum ‘Aureum’, A. negundo,
A. saccharinum, A. saccharum, A. platanoides, A.
pseudoplatanus, A. pseudoplatanus ‘Atropurpureum’,
Cercis siliquastrum, Malus sp., Platanus orientalis,
Robinia pseudoacacia, Tilia platyphyllos, Tilia
tomentosa.

Ornek alanlarda bulunma oram bakimindan 8 alanin
6’sinda bulunan (bulunma yiizdesi % 75) taksonlar
Pinus pinea (59 adet), Platycladus orientalis (23) ve
Rosa sp.dir (428). Ancak bu taksonlarin o6rnek
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alanlardaki toplam takson adedi, Pinus pinea 59
adet, Platycladus orientalis 23 adet ve Rosa sp. 428
adet olmak lzere degisiklik gostermektedir.
Dolayisiyla 6rnek alanlarda tespit edilen bitkilerin
bulunma yiizdesi ve kullanim adedi bakimindan
taksonlarin  dagilimina  bakildiginda  degerler
arasinda farklilik oldugu gériillmektedir (Sekil 6). Ar1
¢ekme potansiyeli olan taksonlarin kullanim adedinin
fazla olmasi1 ortamda bu bitkilerden faydalanma
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olanagim da arttiracaktir. Sekil 6'da géruldign tzere
ornek alanlarda bulunma sayis1 100 adet ve tizeri
olan 15 taksonun ¢ogu arilar i¢in nektar ve polen
kaynagi olabilmektedir. Burada dikkat c¢ekici olan,
ornek alanlarda toplam takson sayisi bakimindan en
fazla olan Berberis thunbergii ‘Atropurpurea’ (toplam
453 adet), peyzaj tasarimlarinda her ne kadar cok
sayida kullanilsa da eser miktarda nektar ve polen
kaynagi olusturmaktadir.
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Sekil 6. Ornek alanlarda bulunma yiizdesi ve kullanim adedi bakimindan taksonlarin dagilimi
Figure 6. Distribution of taxa in terms of percentage of existence and number of uses in sample areas.

100

Degerler

-10
Ocak Subat Mart Nisan Mayis

#-Ortalama Sicaklik (°C)
=@=Taksonlarin Ciceklenme Periyotlari ve Takson Sayis1

Haziran Temmuz
Aylar

Agustos Eylal Ekim Kasim Arahk

=#=Aylik Toplam Yagis Miktarn Ortalamas: (mm)
==Arilarin Aktif Oldugu Dénem

Sekil 7. Taksonlarin ¢iceklenme periyotlari, ortalama iklim degerleri ve arilarin aktif oldugu dénem arasindaki

iliskiler

Figure 7. Correlation between flowering periods of taxa, average climate values and bee activity
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Taksonlarin ¢igeklenme periyotlar1 ile Artvin ili
ortalama iklim degerleri arasindaki iligkiler Sekil
7'de izlenebilmektedir. Karakése ve ark. (2018)’nin da
elde ettikleri benzer sonuglara goére Dbitkilerde
ciceklenme en ust seviyeye ulastiginda sicaklik
uygun, yagis ise en az seviyede seyretmektedir.
Boylece sicaklik, yagis ve c¢igcekli bitkiler arasinda
dogrudan bir iligki oldugu gorilebilir. Bal arilar1 12 —
13 °Cnin altinda ¢alisamazlar (Korkmaz, 2015). Bu
durumda elde edilen verilere gore arilarin en fazla
aktif oldugu dénem mayis ile ekim aylar1 arasidir.
Ancak Artvin kent merkezinin sahip oldugu mikro
iklim etkisi ve yukselti farkliliklar: nedeniyle arilarin
mart ayindan itibaren faaliyete baglamalar1 s6z
konusu olabilmektedir.

Sekil 7’ de gorildiigi tizere polen, nektar, salgi tireten
takson sayis1 ile iklim verileri karsilastirildiginda
arilarin bitkilerden en fazla yararlandig1 ay Mays (92
takson) olarak izlenebilmektedir. Mart ve nisan
aylarinda arilarin faydalanabilecegi takson sayisi
fazla olmakla birlikte iklim degerleri ortalamalarina
gore uygun deger araliklari disinda kaldigi igin
grafikteki bu boélumler isaretlenmemistir. Gunlik
sicaklik kogullarinin uygun olmasi halinde faaliyete
baglayabilen arilarin 6rnek alanlardaki bitki
taksonlarindan genel olarak mart ay1 itibari ile
faydalanabilme potansiyeli vardir. Diger taraftan
cicekli taksonlarin c¢iceklenme doénemleri gevresel
etkiler, mikro iklim ve bitki bakim kosgullar1 gibi
cesitli  degiskenlerden  etkilenerek  literatirde
belirtilen periyotlardan daha erken veya gec
dénemlere sarkabilmektedir.

Calisma kapsaminda tespit edilen bazi peyzaj sis
bitkilerinin  ar1  ¢ekme  oOzelliklerine  iligkin
degerlendirme ve gézlemler asagida 6zetlenmigtir:

Peyzaj  tasarimlarinda ¢ok fazla  kullamilan
akcaagaclar (Acer sp.) nektar, polen, balgigi ve
propolis kaynagi olarak arilarin sikca ziyaret ettigi
agaglardir. Genellikle mart — mayis aylar1 arasinda
gerceklesen ¢iceklenme donemi sona erince mayis —
haziran aylarinda Akcaagag lizerine yasayan bir afid
tarafindan  salgilanan balgigi arilari  kendine
cekebilmektedir. Ornek alanlarda 10 adet akcaagag
taksonu tespit edilmistir. Giines Ozkan ve ark.
(2016)nin  calisma  alaninda  yayihs  yapan
taksonlardan en yiiksek nektar verimine sahip olan
turler olarak 7ilia tomentosa, Robinia pseudoacacia
ve Acer campestre gosterilmigtir. Buna goére Acer
campestre hem Artvin i¢in dogal bir tiir olmasi hem
de peyzaj bitkisi olarak kentin ¢esitli alanlarinda
kullaniliyor olmasiyla arilar ve diger polinatérler igin
verimli bir kaynak olugsturmaktadir. Ancak arastirma
bulgularina gére 6rnek alanlarda %131tk bulunma
yuzdesi ile Artvin kent peyzajinda kullanim sayis1 az
olan bu dogal tirin ar1  bitkisi olarak
degerlendirilerek daha fazla sayida kullanilmas:
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faydali olacaktir.

Konifer bitkilerden camlar (Pinus sp.), koéknarlar
(Abies sp.), ladinler (Picea sp.), serviler (Cupressus),
mazilar (Thuja sp.) riizgar ile tozlastigindan arilar
bazen az miktarda polen i¢in bu agaglari ziyaret
edebilirler. Ozellikle camlar bagta olmak {izere bir¢ok
igne yaprakli cinste olugsan bal¢igi nedeniye arilar
salgr bali kaynagi olarak bu agaglar1 ziyaret
edebilmektedir. Bunula birlikte arilar konifer
bitkilerin tomurcuk, rec¢ine, ugucu yaglar ve
polenlerinden faydalanabilirler ve az miktarda
propolis kaynagi olarak da bu bitkileri ziyaret
edebilirler. Calisma kapsaminda 35 konifer taksonun
ornek alanlarda bulundugu tespit edilmistir. Sus
bitkisi olarak kentlerde c¢esitli ¢am tlrlerinin
kullanilmas dolayh olarak arilara katki
saglayabilmektedir. Diger taraftan o6rnek alanlarda
da tespit edilen Cycas revoluta (yalanci sagu
palmiyesi) ve Ginkgo biloba (mabet agacy),
Gymnosperm turler olarak arilara pek c¢ekici gelmese
de ciceklenme doneminde az miktarda polen kaynagi
olarak ziyaret edilebilmektedir.

Baz1 c¢icekli bitkilerin polen ve nektarlari bal arilari
icin zehirli simifina girmektedir. Ornegin Ericaeae,
Ranuculaceae, Euphorbiaceae, Solanaceae,
Plantaginaceae ve Acanthaceae gibi baz1 familyalar
icerisinde, toksik ozellik tasiyan polen ve nektarlari
nedeniyle insanlar ve arilar i¢in zararh bal tiretimine
neden olan baz bitki tiirleri bulunmaktadir (Hassen
ve Muche, 2020). Incelenen érnek alanlarda bulunma
yuzdesi %13 olan Arbutus unedo ve Hebe x
franciscana ‘Variegata’ taksonlarindan baska bu
familyalara ait dikkate deger bir oranda odunsu
takson tespit edilmemistir. Bununla birlikte 6rnek
alanlarda bulunma yluzdesi %63 olan Nerium
oleanderin (zakkum) giizel kokulu ve gosterisli
¢igekleri uzun streli olsa da, arilar ve kelebekler igin
zararhdir ve polen nektar kaynagi olarak
kullanilmazlar. Kentsel peyzajda kullanilan ve toksik
ozellikleri pek bilinmeyen Dbir¢cok siis bitkisi
bulunmaktadir. Dikkatsiz olunmasi halinde sadece
insan saghgina degil ayni zamanda bir¢ok hayvan
tirine de zarar verme potansiyeli olan bazi
taksonlara karsi daha bilingli olunmasi ve kentsel
alanlarda bitki se¢cimi ve kullanim miktarlarinin
uzmanlar tarafindan planlanmas1 daha dogru
olacaktar.

Tum Turkiye'de oldugu gibi Artvin kentinde de sik
karsilasilan bir siis bitkisi olan Rosa sp. (giil), 6rnek
alanlarda bulunma yiizdesi (%75) ve kullanim adedi
bakimindan (428 adet) ikinci sirada yer almaktadir.
Ancak cazip ciceklere sahip olsa da arilar ig¢in
nektardan ziyade sadece polen kaynagidir. Bununla
birlikte Rosaceae familyasi igerisinde, 6zellikle meyve
agaclar1 (6rn; Prunus sp., Malus sp.) ve bazi c¢alilar
(6rn; Cotoneaster sp., Spiraea sp.) arilarin en fazla
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ziyaret ettigi bitkilerdir. Ornek alanlarda Rosaceae
familyasindan 20 odunsu takson tespit edilmigstir ve
bu taksonlar bulunduklar1 ortamda arilar igin iyi
birer besin kaynagi saglamaktadir.

Turkiye'nin bircok kentinde siis bitkisi olarak
kullanilan ve calisma kapsaminda da DSI Coruh
Park’ta tespit edilen Buddleja davidii (kelebek ¢alis1)
her ne kadar o6zellikle kelebekleri kendine c¢ekse de,
arilar icin eser oranda (< % 3) polen ve nektar
kaynagi (Sorkun, 2008) olusturmaktadir. Benzer
sekilde Lonicera caprifolium (sarilici hanimeli)
oldukca glizel kokulu gigeklere sahip olsa da arilar
icin eser oranda nektar ve polen kaynagidir. Diger
taraftan peyzaj tasarimlarinda sik¢a yer bulmaya
baslayan ve ornek alanlarda da %25lik bulunma
yuzdesine sahip olan Lavandula angustifolia
(lavanta) giizel kokulu ¢icekleri ile dikkat cekici bir
tibbi  aromatik  bitkidir. Arilar bu  bitkinin
ciceklerinden, wucucu yaglarindan, nektar ve
poleninden faydalanmaktadirlar. Dolayisiyla kentsel
ortamlarda tozlagsmay1 destekleme potansiyeli olan
6nemli bir peyzaj bitkisidir.

Ornek alanlarda tespit edilen baz1 odunsu
taksonlarin ar1 cekme 6zellikleri incelendiginde, polen
ve nektar disinda propolis kaynagi olarak da arilarin
faydalandig1 taksonlar oldugu belirlenmistir. Ornegin
Liquidambar styraciflua (Amerikan sigla agac1) ve
Liriodendron tulipifera (Amerika lale agac1), polen ve
nektar kaynagi olmasi yaninda arilarin propolis i¢in
de ziyaret ettigi egzotik agaclardir. Calisma
alanlarinda 2 taksonu tespit edilen (Fraxinus
americana, F. ornus) Fraxinus cinsi (Digbudaklar)
genel olarak polen kaynagi olmakla birlikte ayni
zamanda propolis kaynagr olarak da arilarin
faydalandigi agaclardir. Diger taraftan o6rnek
alanlarda %13’lik bulunma yiizdesine sahip olan
Ficus carica ¢igek olusturmadig icin arilar tarafindan
fazla ziyaret edilmez, ancak az miktarda propolis
kaynag1 olarak kullanilabilmektedir. Benzer sekilde
%131tk bulunma ylizdesi ile 6rnek alanlarda tespit
edilen Betula alba, arilar i¢in nektar ve polen kaynagi
olusturmaz, onun yerine sadece Temmuz ayinda
olusan salg1 — bal¢igi i¢in ve propolis kaynag olarak
arilarin dikkatini cekmektedir.

SONUC ve ONERILER

Bu calisma sonucunda, Artvin kent merkezindeki
ornek alanlarda tespit edilen 140 odunsu taksonun
gerek kentsel floristik cesitlilik gerekse de polinasyon
acisindan  6nemli  bir degere sahip oldugu
belirlenmigtir. Kaydedilen taksonlardan 108inin
arilarin faydalanabilecegi polen, nektar ve salgl
irinlerinden en az ikisini barindirdigi ve gigeklenme
periyodu bakimindan 7 aya varan (nispeten mart —
eylil aras) bir dénemde arilarin faaliyetlerini
destekleyen taksonlarin oldugu tespit edilmistir. Bu
bakimdan kentsel peyzajda kullanilan odunsu
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taksonlarin 6nemli bir potansiyeli bulunmaktadair.

Bal arilarinin beslenmek igin kisitli mesafelere
seyahat ettikleri bilinmektedir. Dolayisiyla dogal
alanlardan kentlere, kentlerden de tekrar dogal
alanlara baglanti olusturan surdirilebilir yesil
sistemlerin kurgulanmasi ve bu sistemlerin igerisinde
arilarin ve diger polinatérlerin yakin mesafelerde
faydalanabilecegi tozlayic1i dostu odunsu bitki
taksonlarini iceren yesil alanlarin tesisi énem arz
etmektedir.

Sonug olarak peyzaj bitkilerinin estetik 6zelliklerinin
yanm sira arilar ve diger polinatorlere sagladiklar
faydalar acgisindan da 6zelliklerinin bilinmesi ve
kentsel yesil alanlarda tozlasmay1 destekleyici
uygulamalarin ve uygun bitki tercihlerinin yapilmasi
son derece 6nemlidir. Bu c¢alisma sonucu elde edilen
verilerin polinasyona katki saglayacak kentsel peyzaj

bitkilendirmeleri i¢in yararh olacagi
diustinulmektedir.

Aragtirmacilarin Katk: Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir cikar
catismasi olmadigini beyan ederler.
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OZET Botanik

Jany Renz tarafindan 1951 yili Temmuz ayinda Bitlis-Tatvan

arasindaki bozkirlarda, 1700-1900 metreler arasindan baz1 Stellaria Aragtirma Makalesi
kotschyana oOrnekleri toplandi. Ancak hentiz ¢igekli olan bu 6rnekler

olgun kapsiil tagimadigr ve kok kisimlari bulunmadigi i¢in Renz Makale Tarihgesi

tarafindan tek yillik olarak kabul edilerek hatali bir degerlendirme Gelig Tarihi  :24.08.2021
sonucu Lepyrodiclis holosteoides olarak teshis edilmistir. Stellaria Kabul Tarihi :05.11.2021
cinsine ait olmasina karsin, L. holosteoides olarak teghis edilen bu

ornekler (iki dublet) Cenevre Herbaryumunda muhafaza altina Anahtar Kelimeler
alinmigtir. Daha sonra, cins diizeyinde yanlis teshis edilen bu Sinonim

ornekler sahip olduklari taksonomik karakterler bakimindan Stellaria kotschyana
Lepyrodiclis cinsine benzememelerine ragmen, bu cinse ait olduklar: Lepyrodiclis alinihatii
kabul edilerek bilim diinyasi i¢in yeni bir tiir olarak yayinlanmagtir. Taksonomi

Mart 2021 tarhinde basilan bu yeni tiir yayinda, sadece Renz’in
Bitlis'ten topladig1 g¢igekli orneklerden yararlanmilmistir. Oysaki
Turkiye’de yetistigi icin meyveli ve kokli ornekler toplanabilir ve
dogru cins teghisi yapilabilirdi. S6z konusu yayinda tamitilan L.
alinihatifye ait betimleme ve resimlerinin tamami S. kotschyana ile
birebir aynidir. Bu ¢alismada L. alinihatii olarak yayinlanan turin
S. kotschyanamn sinonimi oldugu; orijinal yayinlar, floralardaki
tanmimlar, arazi gézlemleri ve herbaryum oérnekleri gozden gecirilerek
ortaya konmustur. Ayrica S. kotschyananin taksonomik bazi
ozellikleri ve yeni yayilis alanlar: tizerinde de durulmustur.

Contributions to the Taxonomy of Stellaria kotschyana (Caryophyllaceae) and a New Synonym for
This Species

ABSTRACT Botany

Some Stellaria kotschyana samples were collected by Jany Renz in

July 1951 in the steppes between Bitlis and Tatvan, between 1700- Research Article
1900 meters. However, these specimens, which are still flowering, do

not bear mature capsules and do not have root parts, so they were Artic.le History
accepted as annuals by Renz and were identified as Lepyrodiclis Received ©24.08.2021
holosteoides as a result of an erroneous evaluation. Although Accepted ©05.11.2021

belonging to the genus Stellaria, these specimens (two doublets)

identified as L. holosteoides were kept in the Geneva Herbarium. Keywords

Later, although these specimens, which were misdiagnosed at the Synonym

genus level, did not resemble Lepyrodiclis in terms of their S te]]ana'kqtsc]?y ana

taxonomic characters, they were accepted as belonging to this genus Lepyrodiclis alinihatii
Taxonomy

and published as a new species for the scientific world. In this new
species publication, published very recently (March 2021), only the
flowering specimens Renz collected from Bitlis were used. However,
since it was grown in Turkey, fruity and rooted specimens could be
collected and the correct genus diagnosis could be made. All of the
descriptions and pictures of L. alinihatii introduced in the
aforementioned publication are exactly the same as S. kotschyana.
The species published as L. alinihatii in this study is a synonym for
S. kotschyana; Original publications, descriptions of flora, field
observations and herbarium specimens were reviewed. In addition,
some taxonomic features and new distribution areas of S. kotschyana
were emphasized.
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GIRIS orneklerin  yapisal ozellikleri dikkate alinarak,

Ulke veya bélge floralar: ile ilgili yayinlarda verilen Tirkiye Florasinda yer alan S, kotschyana

herhangi bir kategori (familya, cins, tiir, tiir alt1 gibi)
uyesinin o6zellikleri; bitin iyl niyet ve gayretlere
ragmen bazen hatali yorumlanip
yayimlanabilmektedir. Bunun sonucu olarak da bitki
orneklerinin tanim ve teghislerinde problemler ortaya
citkmaktadir.

Ozellikle baz familyalara ait cinsleri ayirmada
kullanilan toprak alt1 kisimlarinin (kok o6zellikleri,
toprak alt1 govde yapilar1 gibi) toplanan orneklerde
yer almayis1 veya eksik yer almasi, olgunlasmamis
cicek ve meyve ozellikleri gibi eksik materyal ile
hatali teghis yapilmasi yanlis degerlendirmelerin en
onemli sebeplerindendir.

Apiaceae, Caryophyllaceae gibi bazi familyalara ait
ornekleri, olgun meyve bulunmadan ayirt etmek ve
dogru teghis yapmak c¢ok zordur. Cunki kanath
meyve yapisina sahip bir Apilaceae Uyesinin geng
donemdeki meyvelerinde kanat gelismediginden bu
haldeki meyveyi damarli veya kanatsiz meyve olarak
kabul edip teshise ¢alisan kisi; bu 6rnekleri ilgisiz bir
gruba, cinse dahil ederek hatali degerlendirmeler
yapabilmektedir (Davis, 1972). Benzer bir durum baz
Caryophyllaceae cinsleri igin de gegerlidir. Baz
Caryophyllaceae  cinslerinin  aywriminda  olgun
kapsiilin kag digle acildigi son derece énemlidir. Geng
kapsillerin ugta kag¢ digsle acildigi anlagilamaz.
Ornegin 3 stilusa sahip Minuartia L. cinsi iiyelerinde
olgun kapsiiller 3 digle agilirken; yine 3 stiluslu
Arenaria L. ve Eremogone Fenzl tiyelerinde kapsiller
6 digle agilir.. Genel goruntigleri ile Dbirbirine
benzetilen bu cinslerin 6zellikle bazi tiyeleri olgun
meyve olmadigr durumlarda cins dizeyinde bile
rahatlikla hatali degerlendirmelere yol a¢maktadir
(Davis, 1967). Benzer sekilde Caryophyllaceae
familyasina ait Stellaria L. cins Uyelerini Lepyrodiclis
Fenzl cinsi tiyelerinden ayiran en 6nemli 6zellik olgun
kapsulin dis sayisidir. Stellaria tirlerinde olgun
kapstl 4 digle agilirken, Lepyrodiclis tirlerinde olgun
kapsiil 2 disle acilir (Coode, 1967; Cullen, 1967).
Olgun kapstlin olmamasi durumunda, bu iki cinse
ait orneklerin cins ve tir diizeyinde teshisi oldukca
zordur.

Bu calismada Flora of Turkey and the East Aegean
Islands (Tiirkiye Floras1) adli eserin 2. cildinde yer
alan Stellaria kotschyana Fenzl tirinin tanimi diger

ulke floralarindaki tanimlarla karsilastirilmigtir
(Coode, 1967; Cullen, 1967; Rechinger, 1988;
Schischkin, 1936; Ghanzafar ve Nasir, 2011;

Ghazanfar ve Edmondson, 2016). Dogu ve Giineydogu
Anadolu bolgelerinin farkh cografyalarindan toplanan
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tanimindaki eksiklikler giderilmis ve mevcut hatalar
diizeltilmistir. Diger taraftan Jany Renz (25 Haziran
1907-10 Agustos 1999) tarafindan Bitlis-Tatvan
arasindan toplanan, ancak olgun kapsuli olmadigi
icin hatali bir sekilde Lepyrodiclis holosteoides
(C.A.Mey.) Fenzl ex Fisch. & C.A.Mey. olarak teshis
edilen Cenevre Herbaryumu (G) 6rneklerinin .S,
kotschyana tirune ait oldugu lizerinde durulmustur.
Ayrica Renz tarafindan Bitlis'ten toplanan 6rneklerin
gercekte S. kotschyana'ya ait cicekli bireyler oldugu
ve bu 6rneklere dayanilarak tanimlanan Lepyrodiclis
alinihatii Menemen, Yalcinkaya & Erden tiirtiniin S.
kotschyana altinda sinonim oldugu orijinal yayinlar,
floralardaki tanimlar, arazi gézlemleri ve herbaryum
ornekleri gozden gegirilerek karsilagtirmali olarak
sunulmustur (Altiok ve Behget 2005; Davis, 1967;
Coode, 1967; Cullen, 1967; Ghanzafar ve Nasir, 2011;
Ghazanfar ve Edmondson, 2016; Menemen ve ark.,
2021; Rechinger, 1988; Riustemoglu ve Behget, 2015;
Schischkin, 1936; Yapar ve Behcet, 2018).

MATERYAL ve METOD

Calismanin materyalini 2008-2020 yillar1 arasinda
Bingo6l, Bitlis, Elazig ve Sirnak illerinden toplanan
Stellaria kotchyana turiune ait herbaryum ornekleri
ve Lepyrodiclis alinihatii tirine ait ilgili literatiir ve
resimler olusturmaktadir (Altiok ve Behcet 2005;
Davis, 1967; Coode, 1967; Cullen, 1967; Ghanzafar ve
Nasir, 2011; Ghazanfar ve Edmondson, 2016;
Menemen ve ark., 2021; Rechinger, 1988;
Riistemoglu ve Behget, 2015; Schischkin, 1936; Yapar
ve Behget, 2018). Yazarlar tarafindan toplanan
ornekler Bingdl Universitesi Fen Edebiyat Fakiiltesi
(Bingsl Univ. Herb.) herbaryumunda muhafaza
edilmektedir.

BULGULAR ve TARTISMA

Renz tarafindan 1951 yilinda Bitlis-Tatvan arasinda
bozkir habitatindan toplanan c¢igekli 6rnekler, olgun

kapsil ve kok yapist olmadigi igin hatali bir
degerlendirme sonucu Lepyrodiclis holosteoides
olarak teshis edilmistir. Oysaki Stellaria ve

Lepyrodiclis cinslerinde olgun kapstlde acilan dis
sayis1 ayirt edici karakterdir. L. alinihatii tirinin
dayandirildig Renz érnegi (G00446762)
incelendiginde, gévde siirglinlerinin kékten koptugu
ve kapsiilin heniiz agilamayacak kadar gen¢ oldugu
goze carpmaktadir (Menemen ve ark., 2021). Bu
¢gigekli ve kok kismi olmayan ornekler Renz
tarafindan tek yillik olarak kabul edilmis ve yanls
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degerlendirme 1ile L. holosteoides olarak teghis
edilmigtir.

Stellaria kotschyana turinin Tirkiye Florasinda yer
alan tamiminda bu tirin hayat formunun tek veya
¢ok yillik da olabildigi belirtilmektedir. Halbuki S.

kotschyananin, yayilisinin oldugu diger tulke

floralarinda (Rechinger, 1988; Schischkin, 1936;
Ghanzafar ve Nasir, 2011; Ghazanfar ve Edmondson,
2016) verilen tanimlarinda; tiiriin; c¢ok derinde,
odunsu ve gugla koklerinin bulundugu
belirtilmektedir (Cizelge 1).

Cizelge 1. Stellaria kotschyana turinun farkh tlke floralarinda verilen tamimlari ve incelelen herbaryum
orneklerinde tespit edilen yasam stresi ve kok 6zellikleri
Table 1. Descriptions of Stellaria kotschyana species In different country flora and life expectancy and root
characteristics detected in herbarium samples examined

Karekterler Turkiye Rusya Iran Irak Pakistan Incelenen
Characters (Coode, (Schischkin, 1936)  (Rechinger, (Ghazanfar ve (Ghazanfar ve herbaryum
1967) 1988) Edmondson, 2016)  Nasir, 2011) ornekleri
Yasam stiresi Tek yilik  Cok yillik Cok yillik Cok yillik Cok yillik Cok yillik
Duration ve ¢ok
yillik
Kok (Root) - Oldukea giiclii ve Kok derinde - - Oldukca giiclii
derinde ve derinde
Incelenen herbaryum o6rnekleri (Sekil 1) ve s6z konusu ornekler 70 yil sonra incelenmis ve 6rnek

Tiirkiye'nin dogusundaki degisik adreslerden (Sirnak,
Elaz1g, Bingél ve Bitlis) yapilan arazi incelemelerine
(Sekil 2,3,4,5) gore; S. kotschyana 6rnekleri ¢ok yillik
ve olduke¢a gui¢li bir kok yapisina sahiptir. 1951
yilinda Bitlis-Tatvan arasindan toplanan koéksiiz ve
heniiz cicekte olan (olgun meyve yok) eksik Stellaria
kotschyana ornekleri, Renz tarafindan Lepyrodiclis
holosteoiders olarak yanlig cinse ait bir tir olarak
teshis edilmigtir. G herbaryumunda muhafaza edilen

etiketinde yazan cins adi dogru kabul edilerek
Lepyrodiclis alinihatii seklinde yeni bir tir olarak
tanimlanmistir (Menemen ve ark., 2021). L.
alinihatiinin orijinal yayininda verilen tanimlama ve
resimler incelendiginde, “tek yillik” ozelligi ve
kapsilun “iki dig” ile agilmas1 haricinde diger tiim
ozelliklerin  S.  kotschyana 1ile ayni oldugu

goriilmektedir (Cizelge 2).

Sekil 1. A-Stellaria kotschyana (Bitlis'ten (Tiirkiye) toplanmis 6rnekler; VANF, V00000036061!), C-Stellaria kotschyana

(Sirnak’tan (Tiirkiye) toplanmig érnekler; VANF, V0O0000036071!ta)
Figure 1. A-Stellaria kotschyana (samples collected from Bitlis (Turkey); VANF, V00000036061!), C-Stellaria kotschyana
(samples collected from Sirnak (Turkey), VANF, V00000036071
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Sekil 2. Stellaria kotschyana A. genel gériniis (Bingsl Universitesi Herbaryumu 9807!), B. ¢icek C. ovaryum, D.
Kapsiil

Figure 2. Stellaria kotschyana A. general view (Bingol University Herbarium 9807!), B. flower C. ovary, D.
Capsule
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-~ d g i
Sekil 3. Stellaria kotschyana A- cicek, B- dis sepal, C- ic sepal D- petal, E- stamen, F- ovaryum, G- kapsiil, H-tohum (sl¢ek: 1
mm) (VANF, V00000036061!; Bingél Universitesi Herbaryumu 9807!, 9809!,)
Figure 8. Stellaria kotschyana A- flower, B- outer sepal, C- inner sepal D- petal, E- stamen, F- ovary, G- capsule H-seed(scale:
1 mm) (VANF, V0000003606I!, Bingol University Herbarium 95807/, 9809!)
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Sekil 4. Stellaria kotschyanamnin kék-govde baglanti bélgesinin gériiniimii (L. BEHCET tarafindan cekilmigtir)
Figure 4. View of the root-stem attachment area of Stellaria kotschyana (by L. BEHCET)
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Sekil. 5. Stellaria

kotsch yana nin kok v

= i

e géVdeh gorutﬁsu (Bingo] Universitesi Herbaryumu 9810!)

Figure 5. Root and stem view of Stellaria kotschyana (Bingol University Herbarium 9810!)

Cizelge 2. Stellaria kotschyana ile Lepyrodiclis alinihatirnin morfolojik yapi 6zelliklerinin karsilastirilmasi
Table 2. Comparison of morphological structural features of Stellaria kotschyana and Lepyrodiclis alinihatii

Karekterler (Characters)

Stellaria kotschyana

Lepyrodiclis alinihatii

Yasam stiresi (Duration)

cok yillik

cok yillik olmasmma karsin, oOrnekte kok
olmadigindan tek yillik olarak degerlendirilmig

Govde durusu ve dallanmasi
Stem and branching

dik, Gstten dallanmig

dik, tistten dallanmig

Yaprak boyutlar
Leaf sizes

10-40 x 4-7(-10) mm

5-30 X 2-7 mm

Pedisel boyu ve tiiy durumu
Pedicel length and indumentum

1-16 mm, tiysiz

3-10 mm, tlysiiz

Sepal boyutlari, tily durmu ve
yapisi

Sepal sizes, indumentum and
structure

(2-)3-6 x 2-3 mm,
tiuysiz, kenarlar1 0.3-0.5
mm zarimsi

3.0-4.2 x 2,5-3.5 mm, tuysiz, kenarlar1 0.4-0.7
mm zarimsi

Petal boyutlar
Petal sizes

3—6 X 1.5-2.7 mm, ugta 2
loblu

3.5-4.5 x 1.8-2.9 mm, ugta girintiliden 2 lobluya
kadar degigir

Stilus sayis1 (Style number)

2-3

2-3

Ovaryum boyut, yap1 ve tiy
durumu

Ovary size, structure and
indumentum

1.0-1.56 X 1.0-1.2 mm, 1-
odacikli, 4 ovilly, tiiysiiz

1.0-1.2 X 0.7-0.9 mm, 1-odacikl,
4 ovilly, tuysiz

Kapsil boyutlari, dis sayisi
Capsule sizes and teeth number

3-4 X 3-3.5 mm, 4 digle
acilir

tanimin dayandirildigi 6rnekte olgun kapsil
olmadigindan boyutlar1 verilememis ve bu
olgunlagsmamis yap1 kapsil olarak kabul edilip
“iki valf” ile agilir diye belirtilmigtir

Bir kapsiildeki tohum sayisi
Number of seeds in a capsule

genelde1(-2) adet, oviil
sayis1 4

olgun kapsil olmadigindan tohum
belirtilmemis, ovil sayis1 4

sayisi

Tohum boyutlari, sekli ve ylizeyi
Seed sizes and surface

2.5-3 x 2.3-2.5(-3) mm,
yuvarlagimsi, tiiberkiilat

olgun kapsil olmadigindan tohum boyutlar,
sekli ve ylzeyi belirtilmemis
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Ote yandan: yeni tire temel olusturan Renz
orneginde kok ve olgun meyve bulunmadigindan
bitkinin yagam stiresinin “tek yillik” ve kapsulin “iki
dis” ile acildigini (bkz. Menemen ve ark., 2021: Sekil 1
ve 2) anlamak imkansizdir. Gerek Dogu ve
Giineydogu Anadolu bélgelerinde (Bitlis, Sirnak,
Elaz1g, Bingél) gerceklestirilen botanik gezileri
esnasinda yapilan goézlemler; S. kotschyana tirinin
kok yapisinin ¢ok derinde, gii¢lii ve odunsu bir yapida
Ayrica, muhtemelen Renz tarafindan toplanan
orneklerle ayni adres olan “Bitlis Cay1 Vadisi Floras1”
calismasinda (Altiok ve Behcet 2005) toplanan ve
VANF  herbaryumunda muhafaza edilen S
kotschyana detayli olarak yeniden incelendi. Soz
konusu orneklerin Renz tarafindan toplanan, ancak
kok yapisi ve olgun meyvesi olmadigindan yanliglikla
Lepyrodiclis  holosteoides olarak teghis edilen
orneklerle ayni oldugu; ilgili ¢alisma da incelenerek
(Menemen ve ark. 2021) belirlendi (Sekil 1, 2 ve 3).

SONUC ve ONERILER
Taksonomik iglem

Stellaria kotschyana Fenzl ex Boiss., F1. Or. 1:705.
1867. Aitch., in J.L.S. Hot. 18.38.1880; Burkill, Work.
List Pl. Baluch. 12. 1908; Schischkin in Kom., FIL
URSS. 6: 422. 1936; Mizushima in Kitam., Fl. Afghan.
117. 1960; in Ft. Pl. W. Pak. & Kashm. 53. 1964;
McNeill in Notes R. B. Garden, Edinb. 32(3):392.
1973.

Lepyrodiclis alinihatii Menemen, Yal¢cinkaya &
Erden, Turkey, Kleinasien [Anatolial, Bitlis to
Tatvan, 1700-1900 m a.s.l.,, 5 Jul 1951, Renz s.n.
(holotype: G00446762; isotype: ADO [small parts
removed from the holotypel) yeni sin. / syn. nov.

Tanmim: Cok yillik; kok oldukca guclii ve derinde.
Goévde kokten cok sayida govde gelisir, (20-)30-70 cm
uzunlugunda, dik duruslu, kéke baglandig1 kisim ¢ok
kirilgan, gévdelerin topraga gomiuli kisimlarinda
digumlerde yassi pullar bulunur, enine kesitte
toprak seviyesindeki kisimlar genelde yuvarlagimsi,
tste dogru cizgili veya hafifce 4 koseli, dugumler
kalinlagmig, tstte olduk¢a dallanmig, kisa kivircik
tuyli yada tuysuz. Yapraklar sapsiz, mizraksi, ucu
sivri, 1-damarl, 10-40 x 4-7(-10) mm, gencken

yayvan, ge¢ donemde asagiya dogru sarkar.
Cicekdurumu panikulat, nadiren c¢i¢ekler uctaki
kimozlarda, ¢ok ¢i¢ekli. Birakte 1.5-2.5 mm

uzunlugunda kenarlar1 zarimsi. Pedisel 1-16 mm
uzunlugunda tiiysiiz. Sepaller (2-)3-6 X 2-3 mm,
tuyslz, kenarlar1 0.3-0.5 mm zarimsi, uclar1 sivri.
Sitamen 10 adet, filamentler 2.5-3 mm uzunlugunda
ve tlysluz. Petaller 3-6 X 1.7-3 mm, ucta 2 loblu.
Ovaryum 1.0-1.5 x 1.0-1.2 mm, 1-odacikli, 4 oviilli,
tiysiiz. Meyve kapsul, 3-4 X 3-3.5 mm, 4 digle agilir.
Tohum genelde 1-(2) adet, 2.7-3 X 2.3-2.5(-3) mm,
yuvarlagimsi, ylizeyi kabarcikl.
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oldugunu géstermektedir (Sekil 2, 4, 5). Ancak tiiriin
govdeleri kokle baglanti kisimlarinda oldukca
kirilgan olmasi1 ve odunsu kokin oldukca derinde
bulunmasi1 dolayis1 ile, 6rnek toplama sirasinda
govdeler kok kismina ulagilmadan kolaylikla kopmus
oldugu Menemen ve arkadaglarinin ¢alismasindaki
sekil I’den de anlasilmaktadir (bkz. Menemen ve ark.,
2021).

Yapilan arazi galigmalari ile toplanan &rnekler ve
literetlire dayali yapilan degerlendirmeler sonucunda
Lepyrodiclis alinihatil olarak tanimlanan 6rneklerin
Stellaria kotschyana tirine ait oldugu ve L. alinihatii
turinuan S. kotschyana turi altinda sinonim olarak
degerlendirilmesi gerektigi sonucuna varilmistir.
Ayrica Tiurkiye florasinda verilen S. kotschyana tir
taniminin eksik ve yetersiz oldugu dikkate alinarak,
tarin tanimi giincellenmistir.

Incelenen 6rnekler

Bitlis: Seyhhabib dagi, kayalhik alan, 1800 m,
05.08.2002, A.Altiok 1799b, (VANF!, V0O0000036061);
Sirnak: Beytlissebap, Mezra, Asmana tepeleri,
dogusu, step, 2400 m, 20.07.2019, M.Riistemoglu 803
(VANF!, V00000036071I), Bingol: Saban kéyii giineyi,
yayla, step, 2240 m, 18.07.2018, L.Behget & Y.Yapar
15895 (Bingsl Universitesi Herbaryumu 9813!);
Saban koyu ve Ortakoy giineyi, 2 km, step yamaclar,
2110 m, 12.06.2019, L.Behcet & Y.Yapar 16569
(Bing6l Universitesi Herbaryumu 9814!); Yelesen
koyu batisi, giineye bakan step yamaclar, 2350 m,
28.06.2019, L.Behcet & Y.Yapar 17115 (Bingél
Universitesi Herbaryumu 7527!); Yelesen koyi
giineyi, Yelesen yaylasi, giineyi, kayalik, 2200-2300
m, 19.07.2019, L.Behcet & Y.Yapar 17553 (Bingol
Universitesi Herbaryumu 9812!); Karababa tepesi,
step, 2137 m, 03.07.2015, Y.Yapar 1433 (Bingol
Universitesi Herbaryumu 9811!); Asagikoy girisi,
kayalik yamagcglar, 1450 m, 12.06.2021, L.Behcet &
Y.Yapar 19465 (Bingsl Universitesi Herbaryumu
9810!); Elazig: Aricak ilgesi, Cubar yaylasi
glineybatisi, kayalik yamacglar, 2054 m, 06.07.2019,
Y.Yapar 4263 (Bingol Universitesi Herbaryumu
9807!); Aricak ilcesi, Afir yaylas1 cevresi, kayalik
yamaclar, 1915 m, 09.08.2017, Y.Yapar 3309 (Bingél
Universitesi Herbaryumu 9809!)

Aragtirmacilari Katk: Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katk:
olduklarini beyan eder.

saglamisg

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catigsmasi olmadigini beyan ederler.
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ABSTRACT Botanic
This study was based on the macrofungi samples collected from the
region within the boundaries of Ulukisla district of Nigde province. Research Article
As a result of field and laboratory studies, 92 macrofungi species : :
belonging to 6 classes, 14 orders, 42 families and 70 genera within Artlc.le Hlstory.
Ascomycota and Basidiomycota were determined. Routine Received ) 01.07.2021
morphological parameters were used for identification. Ninety one of Accepted #01.10.2021
the determined t.axa are new for th‘e.distict. The taxa were listed Keywords
together with their habitats and localities. Biodiversity
Macrofungi
Taxonomy
Turkey
Ulukigla (Nigde-Tiirkiye) Yéresinde Belirlenen Makromantarlar
OZET Botanik
Bu calisma Nigdenin Ulukigla ilgce sinirlari icinde kalan bolgeden
toplanan makromantar oOrneklerine dayanmaktadir. Arazi ve Aragtirma Makalesi
laboratuvar calismalari sonucunda Ascomycota ve Basidiomycota ; :
bolimleri iginde yer alan 6 sinif, 14 takim, 42 familya ve 70 cinse ait Makale T.ar'lh(;e‘s1
92 makromantar turi belirlenmistir. Teghis isleminde rutin Gelis Tan}'n' ) 01.07.2021
morfolojik parametreler kullanilmigtir. Belirlenen tiiksonlardan 91 Kabul Tarihi  :01.10.2021
t?nesi il(;g if;in yenidir. Taksonlar habitat ve lokaliteleri ile birlikte Anahtar Kelimeler
listelenmigtir. Biyogesitlilik
Makromantarlar
Taksonomi
Turkiye
To Cite:  Berber O, Uzun Y, Kaya A. 2022. Macrofungi Determined in Ulukigla (Nigde-Turkey) District. KSU J. Agric
) Nat. 25 (5): 1007-1015. https://doi.org/10.18016/ksutarimdoga.vi.960925 .
Atif Igin:  Berber O, Uzun Y, Kaya A. 2022. Ulukisla (Nigde-Tiirkiye) Yoresinde Belirlenen Makromantarlar. KSU Tarim
ve Doga Derg. 25 (5): 1007-1015. https://doi.org/10.18016/ksutarimdoga.vi.960925
INTRODUCTION Mueller et al. (2007) regarding the plant/macrofungi

Fungi is known as the second diverse kingdom
(Hawksworth et al., 1995) with the members growing
almost everywhere in the world as saprophytes,
parasites and symbionts (Selem et al, 2021).
Macrofungi constitutes a small group of this kingdom
with fruiting bodies larger enough to be seen by
naked eye (Uzun and Kaya, 2022).

The current checklist (Sesli et al., 2020) and the
latest contributions (Alll et al., 2019; Cagli and
Oztirk, 2020; Isik, 2020; Keles, 2020; Sesli, 2020;
Selem et al., 2021; Uzun et al., 2020a; Kaygusuz et
al., 2021) indicate that more than 2.700 macrofungi
have been determined in Turkey. Considering the
15.000 macrofungi taxa determined in Europe (Lukié,
2009) and the macrofungal diversity estimates of

ratios of temperate regions, there is still much to be
done to determine the complete macrofungal data of
Turkey. Although many studies have been carried out
across the country for this purpose, more than %’rd of
Turkey are still among the unstudied or less-studied
regions (Sesli et al., 2020).

Ulukigla, is a district of Nigde province and located
within the transition region of Mediterranean and
Central Anatolian Region of Turkey (Fig. 1). The
district is located between 37°23' — 37°44' north
latitudes and 34°17 — 34°53' east longitudes, and
surrounded by Pozant1 (Adana) and Camardi (Nigde)
to the east, Bor (Nigde) to the north, Eregli (Konya)
to the west and Halkapinar (Konya) and Camhyayla
(Mersin) to the south. Ulukisla was also among the
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unstudied or less studied regions of Turkey. Though
some mycological studies had been carried out in
neighboring regions (Kasik et al., 2001, 2003), and a
new record was presented (Uzun et al., 2020b), a
detailed macrofungal biodiversity study has not been
carried out within the boundaries of the Ulukigla
district. The present study aims to determine the
macrofungal biodiversity of the region and to
contribute to the mycobiota of Turkey.

MATERIALS and METHOD

The research materials were collected from the
suitable habitats within the boundaries of Ulukigla
district between 2017 and 2019 (Table 1). During
field studies, fruit bodies were photographed in their
natural habitats and the characteristics which are
related to morphology and ecology were noted.
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Table 1. Collection localities of the macrofungal samples
Cizelge 1. Makromantar érneklerinin toplanma lokaliteleri

Figure 1. Map of the research area
Sekil 1. Arastirma alaninin haritasi

Loc. No Locality name Coordinates Altitude (m)
1 Alihoca village 37°29'N-34°43'E 1090
2 Altay village 37°39'N-34°27'E 1200
3 Belpinar village 37°12'N-36°45'E 545
4 Ciftehan village 37°30'N-34°45'E 1000
5 Ciftehan village 37°30'N-34°46'E 950
6 Ciftehan village 37°30'N-34°47T'E 930
7 Ciftekéy village 37°35'N-34°44'F, 1150
8 Darbogaz village 37°29'N-34°33'E 1330
9 Darbogaz village 37°29'N-34°34'E 1330
10 Eminlik village 37°38'N-34°37'E 1350
11 Emirler village 37°27'N-34°30'E 1520
12 Emirler village 37°28'N-34°29'E 1560
13 Emirler village 37°29'N-34°30'E 1400
14 Giiney village 37°38'N-34°30'E 1360
15 Hacibekirli village 37°30'N-34°22'E 1540
16 Handeresi village 37°36'N-34°37'E 1460
17 Hasangazi village 37°32'N-34°37'E 1350
18 Horoz village 37°29'N-34°48'E 990
19 Hiusniye village 37°38'N-34°35'E 1410

20 [lhankdoy village 37°33'N-34°36'E 1490
21 Imrahor village 37°40'N-34°45'E 1400
22 Kilan village 37°28'N-34°28'E 1560
23 Koskont village 37°30'N-34°40'E 1450
24 Koskénii village 37°30'N-34°41'E 1100
25 Koskont village 37°31'N-34°39'E 1170
26 Kogkont village 37°31'N-34°39'E 1170
27 Saklibahge village 37°30'N-34°44'E 980
28 Tabakl: village 37°30'N-34°40'E 1450
29 Toraman village 37°38'N-34°40'E 1300
30 Yeniyildiz village 37°27'N-34°22'E 1575
31 Yeniyildiz village 37°27'N-34°23'E 1600
32 Yeniyildiz village 37°28'N-34°25'E 1630
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Then the samples were transferred to the fungarium.
Microscopic characteristics were investigated under a
Nikon Eclipse Ci-S trinocular light microscope after
mounting the specimens in water, KOH, Congo red,
and Melzer’s reagent. Identification was carried out
with the help of Dennis and Itzerott (1973), Moser
(1983), Philips (1981, 2010), Breintenbach and
Kranzlin (1984-2000), Arora (1986), Wang and
Kimbrough (1992), Benkert (1995,2007), Courtecuisse
and Duhem (1995), Pegler et al. (1995), Abbott and
Currah (1997), Bessette et al. (1997, 2007), Cappelli
(1997), Hansen and Knudsen (1992, 1997, 2000),
Montecchi and Sarasini (2000), Kranzlin (2005),
Medardi (2006), Antonin and Noordeloos (2010),
Buczacki (2012), Thompson (2013), Beug et al. (2014),
Cripps et al. (2016) and Siegel and Schwarz (2016).
The samples are kept in Department of Biology,
Science Faculty, Karamanoglu Mehmetbey
University, Karaman, Tirkiye.

RESULTS

The taxa determined in the region were listed
alphabetically, in accordance with Index Fungorum
(www.indexfungorum.org; accessed 5 May 2021).
Habitats, collection dates, and accession numbers
were also provided.

Ascomycota Whittaker

Chaetomellales Crous & Denman

Marthamycetaceae Baral, Lantz, Hustad & Minter

1. Cyclaneusma minus (Butin) DiCosmo, Peredo &
Minter: On dead pine needles in pine forest, locality
31, 22.12.2018, O. Ber-291.

Helotiales Nannf.

Lachnaceae Raitv.

2. Lachnum virgineum (Batsch) P. Karst.: On
Quercus sp. cupules in mixed forest, locality 31,
16.04.2018, O. Ber-163; locality 22, 02.03.2019, O.
Ber-311.

Mollisiaceae Rehm

3. Mollisia cinerea (Batsch) P. Karst.: On decaying
wood, locality 5, 07.12.2019, O. Ber-366.

Hypocreales Lindau

Nectriaceae Tul. & C. Tul.

4. Nectria peziza (Tode) Fr..: On dead Populus sp.
branches, locality 22, 01.06.2018, O. Ber-183.
Patellariales D. Hawksw. & O.E. Erikss.
Patellariaceae Corda

5. Patellaria atrata (Hedw.) Fr.: On Quercus L. sp.
twigs in mixed forest, locality 2, 11.06.2017, O. Ber-
065.

Pezizales J. Schrot.

Helvellaceae Fr.

6. Helvella acetabulum (L.) Quél.: Among leaf litter
in Quercus sp. forest, locality 2, 02.03.2019, O. Ber-
307; locality 31, 17.03.2019, O. Ber-327.
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7. Helvella fibrosa (Wallr.) Korf: On soil among leaf
litter under Corylus sp., locality 18, 19.05.2017, O.
Ber-022.

8. Helvella fusca Gillet: Among leaf litter in poplar
grove, locality 22, 19.05.2017, O. Ber-010; among leaf
litter under Quercus sp., locality 11, 01.06.2018, O.
Ber-180.

9. Helvella leucomelaena (Pers.) Nannf.: On soil in
mixed forest, locality 6, 19.05.2017, O. Ber-036;
23.03.2019, O. Ber-045; locality 26, 23.03.2019, O.
Ber-335.

10. Helvella leucopus Pers.: On sandy soil under
Salix and Populus sp., locality 9, 17.03.2019, O. Ber-
326; among leaf litter under Quercus sp., locality 12,
17.03.2019, O. Ber-328.

Morchellaceae Rchb.

11. Morchella esculenta (L.) Pers.: On soil in fruit
garden, locality 22, 19.05.2017, O. Ber-018; on soil in
mixed frest, locality 6, 19.05.2017, O. Ber-039;
locality 31, 16.04.2018, O. Ber-170.

12. Verpa conica (O.F. Miill.) Sw.: On soil among leaf
litter under Corylus sp., locality 18, 23.03.2019, O.
Ber-349.

Pezizaceae Dumort.

13. Peziza fimeti (Fuckel) E.C. Hansen: On cow
dung, locality 13, 23.03.2019, O. Ber-134.

14. Sarcosphaera coronaria (Jacq.) J. Schrét.: In soil
under needle litter, locality 6, 23.03.2019, O. Ber-341;
in mixed forest, locality 31, 23.03.2019, O. Ber-354.
15. Terfezia claveryi Chatin: In soill among
Helianthemum sp., locality 10, 14.04.2018, O. Ber-
141; locality 21, 23.03.2019, O. Ber-354.
Pyronemataceae Corda

16. Anthracobia melaloma (Alb. & Schwein.)
Arnould: On ash, locality 5, 07.12.2019, O. Ber-359.
17. Genea lobulata (Mor.-Arr., J. Gémez & Calonge)
P. Alvarado & Mor.-Arr.: In soil under Quercus sp.,
Locality 31, 16.04.2018, O. Ber-167.

18. Lamprospora miniata De Not.: On moss in Pinus
sp. forest, locality 6, 22.12.2018, O. Ber-277.

19. Octospora leucoloma Hedw.: Among moss, in
mixed forest, locality 22, 07.12.2019, O. Ber-385.

20. OQOctospora musci-muralis Graddon: Among
mosses in Pinus sp. forest, locality 26, 23.03.2019, O.
Ber-356; among mosses in mixed forest, locality 4,
07.12.2019, O. Ber-374.

21. Octospora neerlandica Benkert & Brouwer: On
soil among mosses under Pinus sp., locality 6,
07.01.2018, O.Ber-108.

22. Octospora polytrichi (Schumach.) Caillet &
Moyne: On mosses in Pinus sp. forest, locality 6,
04.11.2018, O. Ber-138.

23. Picoa juniperi Vittad.: In soil among grasses,
locality 10, 14.04.2018, O. Ber-142.

24. Picoa lefebvrei (Pat.) Maire: In soil among
grasses, locality 21, 16.04.2018, O. Ber-171.
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Sarcoscyphaceae Le Gal ex Eckblad

25. Pithya cupressina (Batsch) Fuckel: On dead
branches of Juniperus sp., locality 4, 07.12.2019, O.
Ber-368.

Tuberaceae Dumort.

26. Tuber sp.: In soil under Pinus sp., locality 6,
23.03.2019, O. Ber-334.

Basidiomycota R.T. Moore

Agaricales Underw.

Agaricaceae Chevall.

27. Coprinus comatus (O.F. Miill.) Pers.: On soil
among grasses, locality 22, 19.05.2017, O. Ber -019;
locality 8, 23.03.2019, O. Ber-169.

28. Leucoagaricus leucothites (Vittad.) Wasser: On
soil among grasses, locality 10, 11.06.2017, O. Ber-
064; locality 16, 01.06.2018, O. Ber-178.

29. Tulostoma fimbriatum Fr.: On soil under
Juniperus sp., locality 22, 07.01.2018, O. Ber-095;
locality 32, 16.04.2018, O. Ber-152.

Bolbitiaceae Singer

30. Conocybe apala (Fr.) Arnolds: On soil among
grasses, locality 24, 19.05.2017, O. Ber-038; locality
10, 11.06.2017, O. Ber-061.

31. Conocybe deliquescens Hauskn. & Krisai: On soil
among grasses, locality 9, 15.04.2018, O. Ber-148.
Chromocyphellaceae Knudsen

32. Chromocyphella muscicola (Fr.) Donk: On
mosses in Pinus sp. forest, locality 5, 07.12.2019, O.
Ber-375.

Hygrophoraceae Lotsy

33. Arrhenia obscurata (D.A. Reid) Redhead,
Lutzoni, Moncalvo & Vilgalys: On soil, roadside,
locality 4, 07.12.2019, O. Ber-382.

34. Arrhenia rickenii (Hora) Watling: On soil among
mosses in Pinus sp. forest, locality 5, 07.12.2019, O.
Ber-376.

35. Arrhenia spathulata (Fr.) Redhead: On moss in
Pinus sp. forest, locality 5, 07.12.2019, O. Ber-363.
Hymenogastraceae Vittad.

36. Hymenogaster bulliardii Vittad.: In soil in mixed
forest, locality 30, 02.03.2019, O. Ber-309.

37. Psilocybe coronilla (Bull.) Noordel.: On soil
among grasses under Juniperus sp., locality 13,
07.01.2018, O. Ber-095; locality 31, 22.12.2018, O.
Ber-268.

Incertae Sedis

38. Crucibulum laeve (Huds.) Kambly: On soil or on
decaying hardboard particles, locality 10, 11.06.2017,
O. Ber-062.

39. Cyathus stercoreus (Schwein.) De Toni: On dung,
locality 14, 19.05.2017, O. Ber-042.

40. Cystodermella cinnabarina (Alb. & Schwein.)
Harmaja: On soil among Pinus sp. needles, locality
28, 01.12.2017, O. Ber-088; locality 6, 07.01.2018, O.
Ber-111; locality 5, 07.12.2019, O. Ber-362.

41. Lepista nuda (Bull.) Cooke: On soil among plant
debris, locality 6, 16.12.2018, O. Ber-242.

42. Panaeolina foenisecii (Pers.) Maire: On manured
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soil among grasses, locality 2, 01.06.2018, O. Ber-176.
Inocybaceae Jilich

43. Pseudosperma rimosum (Bull) Matheny &
Esteve-Rav.: On soil in mixed forest, locality 30,
11.06.2017, O. Ber-050; locality 22, 22.06.2017, O.
Ber-079.

Lycoperdaceae Chevall.

44. Lycoperdon molle Pers.: On soil among mosses in
pine forest, locality 26, 23.03.2019, O. Ber-336;
locality 6, 23.03.2019, O. Ber-346.

45. Lycoperdon nigrescens Pers.: On soil in Pinus sp.
forest, locality 4, 07.12.2019, O. Ber-373.
Marasmiaceae Roze ex Kithner

46. Marasmius epodius Bres.: On decaying herb
remains in pine forest, locality 23, 07.01.2018, O. Ber-
028; locality 6, 07.01.2018, O. Ber-109.

Mpycenaceae Overeem

47. Hemimycena lactea (Pers) Singer: On needle
litter in pine forest, locality 28, 07.01.2018, O. Ber -
100; locality 6, 07.01.2018, O. Ber-109.

48. Mpycena epipterygioides A. Pearson: Among
needle litter in pine forest, locality 6, 07.01.2018, O.
Ber-121.

49. Mycena meliigena (Berk. & Cooke) Sacc.: On
decaying barks of Pinus sp., locality 31, 07.12.2019,
O. Ber-387.

50. Mpycena seynii Quél.: Among needle litter in pine
forest, locality 6, 07.01.2018, O. Ber-114; locality 26,
22.12.2018, O. Ber-282.

51. Xeromphalina cauticinalis (Fr.) Kithner & Maire:
On soil under Populus and Salix sp., locality 6,
01.12.2017, O. Ber-091; locality 31, 22.12.2018, O.
Ber-253.

Phyllotopsidaceae lLocquin ex Olariaga, Huhtinen,
Leaessoe, J.H. Petersen & K. Hansen

52. Phyllotopsis nidulans (Pers.) Singer: On rotting
wood in Pinus sp. forest, locality 4, 07.12.2019, O.
Ber-380.

Physalacriaceae Corner

53. Flammulina velutipes (Curtis) Singer: Around
Salix sp. stump, loality 11, 07.01.2018, O. Ber-097;
locality 18, 16.12.2018, O. Ber-241.

Pleurotaceae Kithner

54. Pleurotus ostreatus (Jacq.) P. Kumm.: On
Populus sp. stump, locality 10, 1.12.2017, O. Ber-085;
locality 13, 04.11.2018, O. Ber-216.

Psathyrellaceae Vilgalys, Moncalvo & Redhead

55. Coprinellus disseminatus (Pers.) J.E. Lange:
Among herbaceous plant debris, locality 25,
14.10.2018, O. Ber-189; locality 31, 04.11.2018, O.
Ber-202.

56. Coprinellus micaceus (Bull.) Vilgalys, Hopple &
Jacq. Johnson: Around Populus sp. stump, locality
22, 19.5.2017, O. Ber-011; locality 27, 19.05.2017, O.
Ber-027; locality 25, 19.05.2017, O. Ber-029; locality
7, 22.06.2017, O. Ber-076; locality 17, 16.04.2018, O.
Ber-164.
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57. Coprinopsis atramentaria (Bull.) Redhead,
Vilgalys & Moncalvo: Among plant debris aronud
Populus sp. stump, locality 11, 14.10.2018, O. Ber-
190.

58. Coprinopsis nivea (Pers.) Redhead, Vilgalys &
Moncalvo: On cow dung, locality 17, 16.04.2018, O.
Ber-168; locality 19, 14.10.2018, O. Ber-188.

59. Psathyrella bipellis (Quél.) A.H. Sm.: On soil
among grasses in mixed forest, locality 22,
23.12.2018, O. Ber-302.

60. Psathyrella candolleana (Fr.) Maire: On soil
around Populus sp. stump, locality 6, 19.05.2017, O.
Ber-040; locality 20, 16.04.2018, O. Ber-165.
Schizophyllaceae Quél.

61. Schizophyllum amplum (Lév.) Nakasone: On
decaying Populus sp. twigs, locality 27, 19.05.2017, O.
Ber-026; locality 9, 22.12.2018, O. Ber-276.

62. Schizophyllum commune Fr.: On decaying
Populus sp. stump, locality 27, 19.05.2017, O. Ber-
024; locality 24, 19.05.2017, O. Ber-276.
Strophariaceae Singer & A.H. Sm.

63. Agrocybe molesta (Lasch) Singer: On soil among
grasses, locality 14, 01.06.2018, O. Ber-035; locality
21, 15.04.2018, O. Ber-145; locality 10, 01.06.2018, O.
Ber-179.

64. Agrocybe vervacti (Fr.) Singer: On soil among
grasses, locality 10, 15.04.2018, O. Ber-146; locality
19, 01.06.2018, O. Ber-177.

65. Pholiota populnea (Pers.) Kuyper & Tjall.-Beuk.:
On Salix sp. trunk, locality 31, 04.11.2018, O. Ber-
198.

Tricholomataceae R. Heim ex Pouzar

66. Tricholoma terreum (Schaeff.) P. Kumm.: On soil
among needle litter in pine forest, locality 28,
01.12.2017, O. Ber-089; locality 11, 07.01.2018, O.
Ber-137; locality 1, 16.12.2018, O. Ber-236.
Tubariaceae Vizzini

67. Cyclocybe cylindracea (DC.) Vizzini & Angelini:
Around Populus sp. stump, locality 31, 11.06.2017, O.
Ber-055; locality 9, 11.06.2017, O. Ber-057.

68. Tubaria furfuracea (Pers.) Gillet: On soil among
plant debris, locality 11, 01.12.2017, O. Ber-090;
locality 22, 07.01.2018, O. Ber-130.

Boletales E.-J. Gilbert

Diplocystidiaceae Kreisel

69. Astraeus hygrometricus (Pers.) Morgan: Among
leaf-needle litter in mixed forest, locality 6,
01.12.2017, O. Ber-087; locality 27, 07.01.2018, O.
Ber-112.

Gomphidiaceae Maire ex Jilich

70. Chroogomphus rutilus (Schaeff) O.K. Mill:
Among leaf-needle litter in mixed forest, locality 1,
07.01.2018, O. Ber-135; locality 27, 7.1.2018, O. Ber-
112.

Paxillaceae Lotsy

71. Melanogaster broomeanus Berk.: In soil under
mixed forest, locality 22, 22.06.2017, O. Ber-071.
Rhizopogonaceae Gaum. & C.W. Dodge
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72. Rhizopogon luteolus Fr..: Among soil in mixed
forest, locality 11, 07.01.2018, O. Ber-136; locality 7,
22.12.2018, O. Ber-283.

73. Rhizopogon roseolus (Corda) Th. Fr.: Among soil
in pine forest, locality 1, 04.11.2018, O. Ber-219;
locality 13, 04.11.2018, O. Ber-222.
Sclerodermataceae Corda

74. Pisolithus arhizus (Scop.) Rauschert: On soil
under Populus & Salix sp., locality 26, 22.06.2017, O.
Ber-081; locality 18, 01.06.2018, O. Ber-175.
Suillaceae Besl & Bresinsky

75. Suillus collinitus (Fr.) Kuntze: On soil among
needle litter, locality 31, 16.12.2018, O. Ber-237;
locality 6, 22.12.2018, O. Ber-285.

Dacrymycetales Henn.

Dacrymycetaceae J. Schrét.

76. Dacrymyces capitatus Schwein.: On decaying
logs in pine forest, locality 6, 07.01.2018, O. Ber-115;
locality 4, 07.12.2019, O. Ber-375.

Geastrales K. Hosaka & Castellano

Geastraceae Corda

77. Geastrum minimum Schwein.: On soil in Pinus
sp. forest, locality 4, 07.12.2019, O. Ber-378.

78. Schenella pityophila (Malencon & Riousset)
Estrada & Lado: In soil under leaf litter in mixed
forest, locality 6, 23.03.2019, O. Ber-343.

Gloeophyllales Thorn

Gloeophyllaceae Jilich

79. Gloeophyllum trabeum (Pers.) Murrill: On
rotting wood in Pinus sp. forest, locality 4,

07.12.2019, O. Ber-379.

Hymenochaetales Oberw.

Hymenochaetaceae Donk

80. Inonotus hispidus (Bull.) P. Karst.: On Malus sp.
trunk, locality 6, 22.06.2017, O. Ber-080.

81. Phellinus igniarius (L) Quél.. On Salix sp.
trunk, locality 6, 22.06.2017, O. Ber-077; locality 23,
01.06.2018, O. Ber-182.

82. Phellinus lundellii Niemelid: On Amygdalus sp.
trunk, locality 6, 22.06.2017, O. Ber-314.
Hysterangiales K. Hosaka & Castellano

Trappeaceae P.M. Kirk

83. Trappea darkeri (Zeller) Castellano: (Uzun et al.,
2020b).

Polyporales Gaum.

Laetiporaceae Jilich

84. Laetiporus sulphureus (Bull.) Murrill: On Salix
sp. trunk, locality 29, 01.12.2017, O. Ber-086; locality
14, 15.04.2018, O. Ber-147.

Phanerochaetaceae Jilich

85. Bjerkandera adusta (Willd.) P. Karst.. On
Populus sp. stump, locality 16, 01.12.2017, O. Ber-
084; locality 11, 07.01.2018, O. Ber-098.

Polyporaceae Fr. ex Corda

86. Cerioporus squamosus (Huds) Quél: On
decaying Salix sp. stump, locality 26, 07.01.2018, O.
Ber-098.

87. Fomes fomentarius (L.) Fr.. On Populus sp.
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stump, locality 22, 04.11.2018, O. Ber-223.

88. Lentinus arcularius (Batsch) Zmitr.: On dead
branches of Quercus sp., locality 27, 19.05.2017. O.
Ber-023.

89. Lentinus tigrinus (Bull.) Fr.: Around Salix sp.
stumps, locality 17, 14.10.2018, O. Ber-186; locality
11, 04.11.2018, O. Ber-220.

90. Trametes trogii Berk.: On decaying Populus sp.
stump, locality 22, 19.05.2017, O. Ber-001.
Russulales Kreisel ex P.M. Kirk, P.F. Cannon & J.C.
David

Russulaceae Lotsy

91. Lactarius deliciosus (L) Gray: On soil among
needle litter in pine forest, locality 6, 22.06.2017, O.
Ber-082.

Stereaceae Pilat

92. Stereum hirsutum (Willd.) Pers.: On decaying
Quercus sp. stump in mixed forest, locality 22,
07.01.2018, O. Ber-128.

1% 1% 1%

\

= Agaricomycetes
Dacrymycetes

= Pezizomycetes
= Dothideomycetes

= Leotiomycetes
= Sordariomycetes

DISCUSSION

Ninety two macrofungi species were determined
within the boundaries of Ulukigla district. Twenty six
(%28.26) of them belong to Ascomycota and 66
(%71.74) to Basidiomycota. All the taxa are new for
the region except, 7rappea darkeri which was
reported before (Uzun et al., 2020). The taxa
determined in the region are distributed in 6 classes
(Fig. 2), 14 orders (Fig. 3), 42 families and 70 genera.
Pyronemataceae, Agaricaceae, Psathyrellaceae,
Helvellaceae, and Mycenaceae were found to be the
most crowded 5 families with, 9, 8, 6, 5 and 5 taxa
respectively. The most crowded 4 genera were
determined as Helvella, Octospora, Arrhenia and
Mycena with 5, 4, 3, and 3 taxa respectively.

Following 10 genera (Agrocybe,  Conocybe,
Coprinellus, Coprinopsis, Lentinus, Lycoperdon,
Phellinus, Picoa, Psathyrella, Rhizopogon,

Schizophyllum) are represented with two taxa while
the other genera are represented with only one taxa
in the region.

Figure 2. Class-wise distribution of the determined taxa
Sekil 2. Tespit edilen taksonlarin sinif bazinda dagilimi

Figure 3. Order-wise distribution of the determined taxa
Sekil 3. Tespit edilen taksonlarin takim bazinda dagilimi
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Comparison of the determined taxa with the
literature data indicate that 26 of them (Cerioporus
squamosus, Chroogomphus rutilus, Coprinellus
disseminatus, C. micaceus, Coprinus comatus,
Cyclocybe  cylindracea, Flammulina  velutipes,
Helvella acetabulum, H. leucomelaena, H. leucopus,
Lactarius deliciosus, Laetiporus  sulphureus,
Lentinus tigrinus, Lepista nuda, Leucoagaricus
leucothites, Lycoperdon molle, Morchella esculenta,
Pleurotus  ostreatus, Psathyrella  candolleana,
Rhizopogon Iuteolus, R. roseolus, Suillus collinitus,
Terfezia claveryi, Tricholoma terreum, Tuber sp.,
Verpa conica) are edible. Nine of the edible species
are collected and consumed by local public with
different local names (Table 2). Among the edible
taxa, two of them have local economic importance.
During spring Morchella esculenta and Terfezia
claveryi are collected and sold in public bazaars.
Sixty two of the determined taxa are regarded as
inedible while four of them (Coprinopsis
atramentaria, Inocybe rimosa, Psilocybe coronilla,
Sarcosphaera coronaria) are more or less poisonous
(Thomas et al., 1977; Giicin et al., 2000).

Fourty four of the determined taxa are terricolous, 25
are lignicolous (Bjerkandera adusta, Cerioporus
squamosus, Coprinellus micaceus, Cyclaneusma
minus, Dacrymyces capitatus, Fomes fomentarius,
Gloeophyllum trabeum, Inonotus hispidus, Lachnum

virgineum,  Laetiporus  sulphureus, Lentinus
arcularius, L. tigrinus, Mollisia cinerea, Mycena
meliigena, Nectria peziza, Patellaria atrata,
Phellinus igniarius, Ph. Iundellii, Phyllotopsis

nidulans, Pithya cupressina, Pleurotus ostreatus,
Schizophyllum amplum, S. commune, Stereum
hirsutum, Trametes trogi), 8 are bryophilous

(Arrhenia rickenii, A. spathulata, Chromocyphella
muscicola, Lamprospora miniata, Octospora
leucoloma, O. musci-muralis, O. neerlandica, O.
polytrichy), 3 are coprophilous (Coprinopsis nivea,
Cyathus stercoreus, Peziza fimet:) while one of them
(Anthracobia melaloma) was found to be growing on
ash. Twelve of them (Genea lobulata, Hymenogaster
bulliardii, Melanogaster broomeanus, Picoa juniperi,
P.  lefebvrei, Rhizopogon Iuteolus, R. roseolus,
Sarcosphaera  coronaria, Schenella  pityophila,
Terfezia claveryi, Trappea darkeri, Tuber sp.) were
also determined to be hypogeous or semi-hypogeous.

Table 2. Locally consumed taxa and their regional
Turkish names
Tablo 2. Yoresel olarak tiiketilen taksonlar ve onlarin
bolgedeki Tiirkce 1simleri

Local Turkish name

Locally consumed taxa of the taxa

Ekin mantari

Kavak mantar:

Cayir mantar:

Domalan, dolaman, keme
Kuzu gobegi

Coprinus comatus
Pleurotus ostreatus
Leucoagaricus leucothites
Terfezia claveryi
Morchella esculenta

Lycoperdon molle Puf mantar
Tricholoma terreum Karakiz mantari
Picoa juniperi Kara domalan

Picoa lefebvrei Kara domalan

The comparison of the determined taxa with the
findings of the studies carried out in close environs
indicated some similarities. These studies and the
similarity percentages are given in Table 3. The
reason for this similarity may be the common climate
and vegetation.

Table 3. Similarity percentages of neighbouring studies with Ulukigla district
Cizelge 3. Ulukisla bolgesi ile komsu ¢alismalarin benzerlik yilizdeleri

# of Identical taxa Total taxa Similarity (%)
Kasik et al. (2001) 14 32 43,75
Kasik et al. (2002) 16 53 30,19
Kasik et al. (2003) 20 94 21,28
Dogan and Oztiirk (2006) 30 202 14,85
Dogan et al. (2007) 21 95 22,11
Tiirkoglu et al. (2007) 12 31 38,71
Kaya et al. (2009) 30 110 27,27
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OZET
Bu calismada, iki farkli lavanta bitkisinden (Lavandula latifolia

Tarimsal Biyoteknoloji

(Portekiz lavantasi) ve L. x intermedia cv. Siiper A) erken dénemde Aragtirma Makalesi

alinan c¢eliklerde in vitro ve in vivo kosullarda koéklendirme

¢alismalar1 yapilmistir. Bitkilerden alinan celikler ile iki farkh in Makale Tarihgesi

vivo [Perlit (P), Indol Biitirik Asit (IBA) +Perlit (IBAP)] ve ii¢ farkli Gelis Tarihi  :17.04.2021
in vitro [(Bacto Agar (B), IBA+Bacto Agar (IBAB), Kabul Tarihi :01.11.2021
Hoagland+IBA+Bacto Agar (HIBAB)] olmak {iizere toplamda bes

farkli koklendirme denemesi kurulmustur. Koklenmeye alinan Anahtar Kelimeler
celiklerde 15 giin sonra uygulamalar arasinda istatistiksel olarak Lavanta

anlamli bir fark oldugu, en yiliksek koklenme oraninin IBAB Indol biitirik asit
uygulamasindan (%89.58) elde edildigi gozlenirken; P, B ve IBAP Lavandula latifolia
uygulamalarinda herhangi bir kéklenme gorilmedigi saptanmigtir. L. x intermedia

Turler arasinda kiyaslama yapildiginda, Portekiz lavantasinin Koklendirme

Stiper A c¢esidine gore daha hizli ve daha yliksek koklenme oranina
sahip oldugu belirlenmigtir. Celiklerde yapilan uygulama sonrasi 30.
giinde en ylksek koklenme oraninin 15. giinde oldugu gibi IBAB
uygulamasinda (%94.31), en diisiik koklenme oraninin ise B
uygulamasinda (%12.08) gozlenmistir. Koklenme olan fideler
saksiya alinarak o6nce nem kontrolli seraya, Nisan ayinda da
saghkl fideler koleksiyon bahgesine sasirtilmigtir. Elde edilen
sonuglara gore, in vitro ortamda yapilan koklendirme ¢alismalarinda
IBA kullaniminin mevsimsel olgunluk beklemeden erken doénem
lavanta ¢eliklerinde koklenmeyi hizlandirdig: saptanmigtar.

Cuttings Taken From the Lavender Plant in The Early Period For Rooting in Some in Vitro and in

Vivo Conditions

ABSTRACT

Here, in vitro and in vivo rooting studies were carried out on early

Agricultural Biotechnology

cuttings taken from two different lavender plants (Zavandula Research Article

latifolia (Portuguese lavender) and L. x intermedia cv. Super A). Two

different in vivo (Perlite (P), Indole Butyric Acid (IBA) + Perlite Article History

(IBAP)) and three different in vitro [Bacto Agar (B), IBA + Bacto Received :17.04.2021
Agar (IBAB), Hoagland + IBA + Bacto Agar (HIBAB)] thus, a total of Accepted :01.11.2021
five different rooting experiments have been established. It was

determined that there was a statistically significant difference Keywords

between the applications after 15 days in the rooting cuttings. While Lavender

the highest rooting rate was obtained from IBAB application Indole butyric acid
(89.58%), no rooting was observed in P, B and IBAP applications. Lavandula latifolia

When comparing the species, it was determined that Portuguese L. x intermedia

lavender has a faster and higher rooting rate than the Super A Rooting

variety. After the application on the cuttings, the highest rooting
rate was observed in IBAB application (94.31%) on the 30th day as
in the 15th day, and the lowest rooting rate was observed in B
application (12.08%). Firstly, seedlings with rooting were taken into
pots in the humidity-controlled greenhouse, and healthy seedlings
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were transferred to the collection garden in April. According to the
results, it was determined that the use of IBA in rooting studies
performed in vitro condition accelerated rooting in early-stage
lavender cuttings without waiting for seasonal maturity.

Atif Sekli:  Savalan S., Demirbas S., Pehlivan E.C., Yatkin S., Uz 1 2022. Erken dénemde lavanta bitkisinden alinan
celiklerin baz1 in vivo ve in vitro ortamlarda koklendirilmesi. KSU Tarim ve Doga Derg 25 (5): 1016-1022.
httpsi//doi.org/10.18016/ksutarimdoga.918832.

: avalan S., Demirbas S., Pehlivan E.C., Yatkin S., z 1 . Cuttings taken from the lavender plant in the

To Cite Savalan S., D bas S., Pehl E.C., Yatkin S., Uz I 2022. C ken f he 1 der pl h
early period for rooting in some in vitro and in vivo conditions. KSU J. Agric Nat 25 (5): 1016-1022.
httpsi//doi.org/10.18016/ksutarimdoga.918832.

GIRIS kis dinlenmesi déneminde ve bitki uyanmadan 6nce

Lamiaceae familyasina ait olan lavanta 1 m’ye kadar
boylanabilen, aromatik, yari ¢alims1 ve ¢ok yillik bir
bitkidir. Lavanta tirleri dinyada dogal olarak Giiney
Avrupa’'nin ve Kuzey Afrika’nmin Akdeniz'e komsu
olan ulkelerinde yayilis gostermektedir. Genellikle
kuru iklim ve yiiksek rakimlarda yetismesine
ragmen; farkli iklim ve yiikseklik kosullarina da
uyum goéstermis olan lavanta bitkisinin Fransa,
Bulgaristan, Ispanya, Italya, Yunanistan, Ingiltere,
ABD, Avusturya ve Kuzey Afrika ilkelerinde yogun
olarak kiultiri yapilmaktadir. Bununla beraber
Kanarya adalarindan Akdeniz kiyilarina ve oradan
Hindistan’a kadar uzanan boélgelerde yabani olarak
yayilis gostermektedir (Pistelli ve ark., 2017;
Sonmezdag ve ark., 2017; Kirimera ve Mokhtarzadeh,
2017). Lavandula cinsi toplam 389 yabani tiire
sahiptir. (Arabact ve ark., 2007). Lavantanin
Turkiye'de yetisen iki turt vardir: L. x intermediate
ve L. angustifolia (Korkunc, 2018). Diinyada ticareti
en fazla yapilan 15 ugucu yagdan birisi olan lavanta
ucucu yagr bitkinin cicek ve cicek saplarindan elde
edilmektedir (Simon ve ark., 1984). Ucucu yag
bilesenlerinde en fazla linalool, linalil asetat, 1.8-
sineol, kafur, alfa-pinen bulunmaktadir. Ugucu yag
kalitesi bu bilegenlerden linalil asetat oranina gore
belirlenmektedir (Lawrence, 1994; Arabaci ve ark.,
2007). Ucucu yag lavantanin ciceklerinden elde
edilmekte ve orami %1-3 arasinda degismektedir
(Baydar ve Erbas, 2007). Lavanta ucucu yagi, en fazla
kozmetik, parfiim ve ila¢ sanayinde kullanilmaktadir.
Ucucu yaglarin antiseptik, antimikrobiyal ve
antifungal etkisi ve toksisitesinin ¢ok dusiik olmasi
farmasdétik endiistride kullanim avantaji
saglamaktadir (Gongalves, 2013; Pistelli ve ark.,
2017). Lavanta cicekleri siis, kesme ve kuru cicek
olarak da degerlendirilmektedir. Cigekleri arilari ve
diger polinatér bocekleri yogun sekilde kendine
cekmektedir (Giiler, 2018).

Lavanta, vejetatif ve generatif yollarla
uretilebilmektedir. Lavantanin tohum yapis1 ve
diisiik tohum verimine sahip olmasi1 generatif olarak
tohumla tretimini sinirlandirmaktadir. Bu nedenle
lavanta yetigtiriciliginde vejetatif uretim tercih
edilmektedir. Vejetatif tiretim yontemlerinden ¢elikle
tretim yapilmaktadir. Celikler genellikle bitkilerin
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alinmakta ve Lkoklenme ortamina dikilmektedir

(Aslancan ve Saribas, 2011). Celikle iiretimde
koklendirme ortami olarak perlit, kum, torf ve
humuslu toprak gibi farkl ortamlar

kullanilmaktadir. En sik kullanilan uygulama farkh
dénemlerde bitkilerden alinan geliklerde
koklendirmeyi tegvik etmek i¢in koéklendirme
ortamlarina oksin grubu bitki biiylime diizenleyicisi
eklenmesidir. In vitro ve in vivo sartlarda en yaygin
kullanilan oksin ise Indol 3-Biitirik Asit (IBA)tir
(Kara ve ark., 2011). IBA’nin bitki dokusunda
mobilitesi oldukc¢a yavastir ve disaridan celiklere
uygulanmasi yoluyla var olan igsel oksin seviyesini
artirarak koklenmeyi tesvik etmektedir (Pasqual ve
ark., 2001; Hartmann ve ark., 2002).

Akdeniz havzasinin en 6nemli aromatik bitkilerinden
biri olan (Sanchez-Gras ve del Carmen Calvo, 1996)
L. latifolia (Portekiz lavantas1) tiiriiniin cicekleri
yiiksek oranda (%79.5-86.9) monoterpen bilesikleri

(linalool, sineol ve kafur) icermektedir (Mufoz-
Bortemau ve ark., 2007). L. Iatifolia bitkisi,
fitokimyasal 6zelliginin yiiksek olusu nedeniyle

klonal ¢ogaltim amaci ile secilmigtir. Siiper A ¢esidi
ise Lavandula x intermedia Emeric ex Lois. turine
aittir (Kara ve ark., 2019). Siiper A ¢esidinin ugucu
yag verimi, diger tirlere gore daha yiiksek; fakat bu
bilesenlerin kalitesinin daha diisiik olmasina karsin,
diger turlere gore linalool bilesigi daha yiiksek
miktardadir (Kara ve Baydar, 2012).

Bu ¢alismanin amaci L. latifolia ve L. x intermedia cv.
Stuper A turlerinin vejetatif yolla Uretiminde
kullanilan erken dénem celiklerinde in vivo ve in
vitro koklenme durumlarini tespit etmektir.

MATERYAL ve METOD
Bitkisel Materyal

Bu calismada L. latifolia ve L. x intermediate cv.
Stper A tirleri kullamilmigtir. Tekirdag Namik
Kemal Universitesi Ziraat Fakiiltesi Tarla Bitkileri
Bolimi Tibbi Aromatik Bitkiler Egitim ve Koleksiyon
Bahcesinden (40°59'39.6"N 27°34'47.8"E) 23 Ocak
2020 tarihinde alinan L. /atifolia ve L. x intermediate
cv. Stiper A, 2 farkhi lavanta tirine ait 1 yagh
dallardan hazirlanan 10-12 cm uzunlugundaki



KSU Tarim ve Doga Derg 25 (5): 1016-1022, 2022
KSU J. Agric Nat 25 (5): 1016-1022, 2022

Aragtirma Makalesi
Research Article

celikler bitkisel materyal olarak kullanilmistir. In
vivo ve In vitro koklendirme c¢aligmalari Tekirdag
Namik Kemal Universitesi Ziraat Fakiiltesi Tarimsal
Biyoteknoloji Arastirma ve Uretim Biriminin
(ZIRAATBIYOTEK) sera ve tam kontrollii iklim
odalarinda gercgeklestirilmistir.

In vivo Koklendirme

Ocak ayinda tarla kosullarindan alinan celiklerde 2
farkly in vivo ve 3 farkh in vitro olmak tizere 5 farkl
koklendirme denemesi kurulmugtur. Tim denemeler
10 tekerriirli olarak gergeklestirilmigtir. Deneme
baglangicindan 15 ve 30 giin sonra ¢eliklerin
koklenme oranlari belirlenmigtir. Kontrol grubu
olarak alinan g¢elikler 1sitmasiz sera kogullarinda her
dikim tablasinda 100 celik olacak sekilde perlit (P)
ortamina dikilmistir (Sekil 1a). Bir diger in vivo
denemede koéklenme hizini arttirmak igin celikler
19.70 mM IBA iceren toz formdaki pudra karisimina
5 sn suresince batirilarak perlit ortamina dikilmistir
(IBAP). Celiklerin gelisimi, 8-18 °C (gece/giindiiz)
sicaklikta nem kontrolli serada takip edilmigtir.

In vitro Koklendirme

Tarla kosullarinda alinan lavanta c¢elikleri cesme
suyu altinda yikandiktan sonra 1 saat saf suda
bekletilmigtir. Saf suda bekletilen celiklere in vitro
ortamda 3 farkli koklendirme uygulamasi yapilmigtir.
In vitro kéklendirme ortami olarak; 13 g L1 bacto
agar (Difco Bacto Agar) (B), 19.70 mM IBA + 13 g L.’
bacto agar (IBAB) ve %51lik Hoagland + 19.70 mM
IBA + 13 g Li'! bacto agar (HIBAB) ile katilagtirilmis
ortamlar hazirlanmig ve her kultir kabina 10 c¢elik
dikilmistir (Sekil 1 b-e).

Aklimatizasyon

In vivo ve In vitro ortamda yapilan bes farkl
koklendirme uygulamasi sonucu koklenen bitkiler
torf:perlit  (3:1) karigimini  iceren  saksilara
sasirtilarak 15-25 °C (gece/giindiiz) sicaklikta nem
kontrolli seraya aktarilmigtir. Nisan, 2020 tarihinde
%901 ¢igekli olan ve 50-100 cm araliginda boylanan
saglikl fideler tarla kosullarina aktarilmistir (Sekil 2
a-d).

Istatistik Analizler

Elde edilen veriler tek yonlii varyans analizi (tek uclu
ANOVA) ile degerlendirilmis, ortalama degerler
arasindaki farklarin £<0.05 dizeyindeki istatistiki
anlamda onemlilikleri Statistical Package for Social
Sciences (SPSS) versiyon 18.0 istatistik paket
programi kullanilarak belirlenmigtir. Ortalamalar
arasindaki o6nemlilik diizeyi Duncan testi ile
belirlenmistir (Snedecor ve Cochran, 1982).
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vitro kontrol ve IBAB uygulamasinda

koklenme (30 giin sonra): b) L. latifolia
(kontrol); ¢ L. latifolia; d) Siiper A (kontrol);
e) Siiper A

Figure 1. a) Rooting application in perlite (P); in vitro
control and IBAB application (after 30 days)-
b) L. latifolia (control); ¢) L. latifolia; d)
Super A (control); e) Super A

Sy SRS

Sekil 2. Sera ve koleksiyon bahgesine aktarilan
fideler: a) Saksiya alinmis Siiper A; b)
Koleksiyon bahgesine alinmis Siiper A; c)
Saksiya alinmig L. latifolia; d) Bahceye
alinmis L. latifolia

Figure 2. Seedlings transferred to greenhouse and

collection garden’ a) Potted Super A; b)
Super A taken in the collection garden; c)
Potted L. latifolia; d) L. latifolia in the
garden

BULGULAR
Bu calismada, erken doénemde iki farkli lavanta
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tirinden aliman c¢eliklerin  koklenme  hizinin
artirilmas1 amaciyla bes farkli uygulama (P, B, IBAP,
HIBAB ve IBAB) yapilmistir. Farkli besin ortami
uygulamalarinin koklenmeye olan etkisi
kargilagtirildiginda en yiiksek koklenme oraninin
IBAB (%91.94) ortaminda oldugu belirlenmistir.
Bunu sirasiyla IBAP (%22.08), HIBAB (%19,24), P
(%9.31) ve B (%6.04) uygulamalar: takip etmistir. En

100 g
g
2
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Q
=
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= f
H=}
= 50
«
g f
= e
© 55 de
- cde
abe bcd
ab
a a'i
0
P B

IBAP HIBAB IBAB

B15 giin sonra W30 giin sonra MOrtalama

hizli kéklenme yanitimin 15. giinde IBAB (%89.58) ve
HIBAB (%38.47) ortamlarindan elde edilmesine
karsin IBAP (%44.17), P (%18.61) ve B (%12.08)
uygulamalarinda 30 giin sonra kéklenme baglamigtir.
HIBAB wuygulama sonras1 15. giinde fidelerde
koklenme (%38.47) meydana gelmesine karsin
ortamda kontaminasyon meydana geldiginden dolay1
30. giinde bu gruba ait veri alinmamistir (Sekil 3).

Sekil 3. Uygulamalara ait ortalama koéklenme degerleri ve 6nemlilik gruplari. Sonuclar ortalama + standart hata
seklinde verilmigtir. Stitunlar iizerinde gosterilen kiiciik harfler (a-g) ortalamalar arasindaki énemlilik

seviyesini gostermektedir.

Figure 3. Average rooting values and importance groups of applications. Results are given as mean + standard
error. The lowercase letters (a-g) shown on the columns indicate the level of significance between

means.

Calismada kullanilan bitkilerden Siiper A cesidine
(%27.31) gére L. latifoliada (%32.14) koklenme
seviyesinin daha yliksek olmasina karsin c¢esitler
arasinda istatistiki diizeyde anlamli bir fark olmadig:

100
75

50 A

: i

Ortalama koklenme orani (%)

—_—

saptanmistir. Cesitlerin uygulamadan 15 ve 30 gin
sonra elde edilen koklenme sonuglari arasinda da
anlaml bir degisim olmadig1 saptanmistir (Sekil 4).

15 giin sonra 30 giin sonra Ortalama

OPortekiz lavantas: MSiiper A

Sekil 4. Bitki ortalama koéklenme degerleri ve énemlilik gruplari. Sonuglar ortalama =+ standart hata seklinde
verilmistir. Siitunlar {izerinde gosterilen harfler (a) ortalamalar arasindaki énemlilik seviyesini

gostermektedir.

Figure 4. Plant average rooting values and importance groups. Results are given as mean + standard error. The
letters (a) shown on the columns indicate the level of significance between averages
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Portekiz lavantast ve Siiper A turinden alinan
celiklerin koklenme ortamina alinmasindan 15 giin
sonra koklenmenin bagladigi, en yiiksek koéklenme
oraninin in vitro kdéklendirme uygulamalar: olan
IBAB uygulamasinda (sirasiyla %86.00 ve %93.00);
daha sonra Hoagland besin ¢ozeltisi igeren ortam
uygulamasinda (HIBAB) (sirasiyla %45.00 ve %32.00)
gorilmustir. In vivo koklendirme ortamlarinda ise 15
giinlik stirede iki turde de koklenme meydana
gelmemigtir. HIBAB uygulamasinda ilk 15 gin i¢inde

100

Koklenme orani (%)

koklenen celikler kontaminasyon nedeniyle
koklendirme denemesine devam  edilmemigtir.
Uygulama sonrasi 30. giinde en yiiksek koéklenme
oran her iki tiirde (Portekiz lavantas1 ve Siiper A) in
vitro uygulamasi olan IBAB ortaminda (sirasiyla
%91.00 ve  %98.00) gerceklesmistir. IBAB
uygulamasindan sonra her iki tiirde IBA (sirasiyla
%66.00 ve %23.00), P (sirasiyla %18.00 ve %15.00) ve
B (sirasiyla %15.00 ve %9.00) uygulama gruplarinda
koklenme goriilmiistir (Sekil 5).

a
Portekiz lavantasi ‘

e
e
e
e
80
d
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o
40
d
(5
b
20 b b
b
a a a a a I a a
0
P B IBAP HIBAB IBAB P B IBAP HIBAB IBAB

Siiper A

W15 giin sonra W30 giin sonra

Sekil 5. Lavandula latifolia (Portekiz lavantas1) ve L. x intermediate cv. Siiper A bitkilerinden alinan geliklerin

koklenme oraninda (%) meydana gelen degisimler.

Bitki tiirleri kendi aralarinda degerlendirilmis olup siitunlar iizerinde gosterilen kiiciik harfler (a-e) ortalamalar arasindaki
onemlilik seviyesini gostermektedir (P: Perlit; B: Bacto agar; IBAP: IBA + Perlit; HIBAB: Hoagland + IBA + Bacto agar;

IBAB: IBA + Bacto agar).

Figure 5. Changes in the rooting rate (%) of cuttings taken from Lavandula latifolia (Portuguese lavender) and L.
x Intermediate cv. Super A. Plant species have been evaluated among themselves and the small letters
(a-e) shown on the columns indicate the level of significance between the averages (P: Perlite; B: Bacto
agar; IBAP: IBA + Perlite; HIBAB: Hoagland + IBA + Bacto agar; IBAB: IBA + Bacto agar).

Lavantalardan alinan c¢eliklerde koéklenmenin c¢elik
tabanindan ziyade bogumlardan yogun bir gekilde
ciktig1 gozlenmistir. Elde edilen sonuglara ve yapilan
gozlemlere gore kok sayist ve boyu {izerine
koklendirme ortamlarinin 6nemli derecede farkliliga
neden olmadig1 gozlemlenmistir. /n vivo ve in vitro

olarak  toplam bes farkli ortamda yapilan
koklendirme c¢alismasinda, c¢eliklerde koklenme
meydana geldikce fideler ortamlardan ¢ikarilip
musluk suyu altinda lzerinde besi ortami
kalmayincaya kadar yikanmis ve torf:perlit (3:1)
karigimi1  igceren saksilara alinarak 15-25 °C
(gece/giindiiz) sicaklikta nem kontrolli seraya

aktarilmigtir. Nisan ayinda %9071 ¢igekli olan ve 50-
100 cm boylanan sagliklh fideler tarlaya sasirtilmigtir.
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TARTISMA ve SONUC

Lavanta bitkisinin tohumla ¢ogaltilmasinda basar
oraninin diigiik olmasindan dolay: bitkilerin ¢ogaltimi
genellikle celikle yapilmaktadir (Kara ve Baydar,
2012; 1Izgi, 2020). Bu calismada, farkli besin
ortamlarinda koklendirme uygulamalari arasinda
istatistiksel olarak anlamli degisimler oldugu tespit
edilmistir (/% 0.05). Calismada en yiiksek koklenme
oran1 yaklasgtk %92 ile 1in witro ortaminda
koklendirme yapilan IBAB uygulamasindan elde
edilmigstir. Bu ¢alismada, Portekiz lavantasinin Stiper
A cesidine gore daha hizli ve daha iyi bir kéklenme
oranina  sahip oldugu belirlenmigtir.  Farkh
aragtirmacilar farkli dozlarda IBA'y1 lavanta
celiklerine perlit, torf, kum, vermikiilit, toprak gibi
gesitli ortam kombinasyonlarinda uygulamiglardir
(Ayanoglu ve ark., 2000; Ozcan ve ark., 2013). Celikle
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¢ogaltmada en 6nemli kriter bagarili bir kéklenmedir.
Koklenme oranindaki basari tir ve cesit diizeyinde
farklihk gostermektedir (de Bona ve ark., 2012).
Bunu anag bitkinin fizyolojik durumu, ¢eligin alindigi
ortam, ¢elik alma zamanmi ve ana¢ bitkinin
rejenerasyon kapasitesi gibi birgok parametre
etkilemektedir. Kumar ve Sreeja (1996) L.
angustifolia bitkisi ile yaptiklari benzer bir
caligmada, bu calismada kullanilan IBA
konsantrasyonunun yaris1 olacak sekilde 2000 ppm
IBA uygulamasiyla %72 oraninda koklenme elde
etmistir. Ayanoglu ve ark. (2000) karabas otu
celiklerine IBA uygulamasi1 yaptiktan sonra
perlit:volkanik tiif (1:2) ortaminda kéklenmeye almis
ve en iyl kéklenme oranmimin (%70) 4000 ppm IBA
dozunda elde edildigi bildirilmigtir. Baska bir
calismada L. angustifolia tarinin farkl
lokasyonlarindan alinan ¢eliklere 2000 ppm IBA
uyguladiktan 40 gun sonra koklenme oldugunu
belirtilmistir (de Bona ve ark., 2012). Ayrica, Ozcan
ve ark. (2013) L. hybrida tiriinden subat ay1 sonunda
aldiklar: gelikleri sera ortaminda perlit: torf ve tarla
topragindan olusan iki farkli ortama dikmigler ve
yaklagtk 2 ay sonra koklenme oranlarimi
kiyaslamigtir. Perlit:torf ortaminda koéklenmenin
(%69.17) tarla topragina (%52.92) goére daha iyi sonug
verdigi ve en yiiksek koklenme oraninmin 4000 ppm
IBA (%87.5) uygulanan grupta elde edildigini ifade
etmiglerdir. Izgi (2020) L. angustifolia bitkisiyle
yaptigr calismada 80 gin sonra alinan celiklerde
koklenme oldugunu, en yiksek koklenme oranin
perlit ortaminda (%78.33) ve en iyi koklenme
oraninin ise 4000 ppm IBA uygulanan (% 82.50)
celiklerinden elde edildigini bildirmiglerdir.

Lavantada in vivo ortamda IBA ile yaygin sekilde
yapilan koklendirmeye ait bir¢ok ¢alisma mevcuttur
(Kumar ve Sreeja, 1996; Ayanoglu ve ark., 2000;
Arslanoglu ve Albayrak, 2011; de Bona ve ark., 2012;
Ozcan ve ark., 2013; Izgi, 2020). In vitro ortamda
lavantada yapilan koéklendirme caligsmalar1 yalnizca
mikrocogaltim calismalarinin devami niteligindedir.
Sanchez-Gras ve del Carmen Calvo (1996) L. latifolia
tirinde 1in wvitro ortamda aksiller tomurcuktan
rejenere olan surgunlerde en iyi kék olusumunun yar:
kat1 makro element iceren MS ortamindan elde
edildigini belirtmiglerdir. Kara ve Baydar (2012) ise
L. angustifolia var. Silver ve L. x intermedia var.
Stper A cesitleri ile yapmig olduklar1 mikrogogaltim
calismasinda, siirgiin ucu eksplantindan rejenere
olan lavanta siirginlerinde koklenme igin MS besin
ortamina naftalen asetik asit (NAA) ilave
etmiglerdir. Yapilan bir diger calismada in vitroda 6-7
alt kiltir sonucunda olusan bazi Lavandula spp.
cesitlerine  ait  mikrosturgiinlerine  tu¢  farkli
konsatrasyonda IBA uygulandigi  bildirilmigtir.
Calisma sonucunda koklenme ilk kez bir ay sonunda
gorilirken koklenme orani butin
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konsantrasyonlarinda %15’in altinda rapor edilmigtir
(Ural 2021).

Sonug olarak, in vitro ortamda yapilan koéklendirme
calismalarinda IBA kullaniminin mevsimsel olgunluk
beklemeden erken donemde alinan lavanta
¢eliklerinde kéklenmeyi hizlandirdigr saptanmistir.
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OZET Bahge Bitkileri

Peyzaj ve siis bitkiler yetistiriciligi; dis mekan, i¢ mekan ve kesme

cicekeilik baghklar: altinda incelenmektedir. I¢ mekan siis bitkileri Aragtirma Makalesi

diger iki sinifin gerisinde kalmigtir. Bu arastirmada, bir i¢ mekan

bitkisi olan ve celikle c¢ogaltilmasinda bir takim sorunlar yasanan Makale Tarihgesi
Schefflera abicola (Hayata) Merr. bitkisinin cogaltiminda degisik Gelig Tarihi  :11.06.2021
yetistirme ortamlarinin ve blyiimeyi diizenleyici hormonlarin etkisi Kabul Tarihi :02.11.2021
arastirilmigtir. Calismada 6 farkl yetistirme ortami

(kum:perlit:toprak, torfiperlit, kum:perlit, torf, kum ve perlit), 2 Anahtar Kelimeler

farkli oksin (Indol-3-Biitirik Asit ve Naftalin Asetik Asit) ve bu
oksinlerin 5 degisik konsantrasyonu (0, 50, 100, 250 ve 500 ppm)

Schefflera arbicola (Hayata) Merr.
I¢ Mekan Siis Bitkileri

kullanilmistir. Elde edilen bulgulara goére; yetistirme ortamlari Oksin
bakimindan en yiiksek koklenme yiizdesi (%44.00+1.003) torf Koklendirme ortami
ortaminda belirlenmistir. Uygulanan iki farkli biiyiimeyi diizenleyici Celik

maddeden IBA hormonu p<0.05 dizeyinde %50.40+0.337 oraninda
koklenme saglamistir. Ayrica oksin uygulamasina gore en ylksek
koklenme orani yaklasik %42.00 olarak kontrol grubunda tespit
edilmigtir.Yetistirme ortami ile oksin konsantrasyonunun kéklenme
orani ise, torf:perlit oraminda kontrol grubundaki ¢eliklerde yaklagik
%176.00 olarak saptanmagtir.

The Effect of Different Growing Media, Auxins and Concentrations on the Propagation of the

Schefflera arbicola (Hayata) Merr.by Cuttings

ABSTRACT Horticulture
Landscape and ornamental plant cultivation is studied under the
headings of outdoor, indoor and cut floriculture. Indoor ornamental Research Article
plants lagged behind the other two classes. In this research,
Schefflera abicola (Hayata) Merr. The effects of different growing Article History
media and growth regulating hormones on the reproduction of the Received - 11.06.2021
plant were investigated. The effects of different growing media and Accepted £02.11.2021
growth-regulating hormones on the reproduction of the plant were
Keywords

investigated. In the study, 6 different growing media (sand: perlite:
soil, peat: perlite, sand: perlite, peat, sand, and perlite), 2 different
auxins (Indol-3-Butyric Acid and Naphthalene Acetic Acid), and 5

Schefflera arbicola (Hayata) Merr.
Indoor Ornamental Plants

different concentrations of these auxins (0, 50, 100, 250 and 500 éuxms &
ppm) were used. According to the findings obtained; In terms of Crzz‘,’lr;g meditm
uttin

growing media, the highest rooting percentage (44.00+1.003) was
determined in peat media. Of the two different growth regulators
applied, IBA hormone provided 50.40+0.337% rooting at p<0.05 level.
In addition, the highest rooting rate was determined as
approximately 42.00% in the control group according to the auxin
application. The rooting rate of the growing medium and auxin
concentration was approximately 76.00% in the control group in
peat:perlite ratio.
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1023-1027. httpsi//doi.org/10.18016/ksutarimdoga.vi.951082




KSU Tarim ve Doga Derg 25(5): 1023-1027, 2022
KSU J. Agric Nat 25(5): 1023-1027, 2022

Aragtirma Makalesi
Research Article

To Cite : Ak BE, Fidanc1 A, Hatipoglu IH 2022. The Effect of Different Growing Media, Auxins and Concentrations on
the Propagation of the Schefflera arbicola (Hayata) Merr. by Cuttings.KSU J. Agric Nat 25(5): 1023-1027.
https://doi.org/10.18016/ksutarimdoga.vi.951082

GIRIS Schefflera cinsinin 50’den fazla tiirti; Cin, Vietham ve

Gunumiizde kentsel yesil alanlarin azalmasi ve 2020
yil1 ile beraber ortaya ¢ikan pandemi kogullar1 sebebi
neticesinde ev ve bahcelerde bitki yetistiriciligine
olan ilginin artmas1 ile peyzaj ve siis bitkilerinin
debénemi artmigtir. Sis bitkileri diinyada genis bir
ticaret hacmine sahiptir. Gelismis tlkelerin yaninda
gelismekte olan pek c¢ok tilke de ekolojik faktorler ve
ucuz igglici olanaklarim siis bitkileri yetistiriciliginde
kullanarak ozellikle kesme ¢igek yetistiriciliginde
onemli adimlar atmiglardir (Ak ve ark., 2021).

Peyzaj ve sus bitkileri; dis mekan sts bitkileri, kesme
cigek¢ilik ve i¢ mekan siis bitkileri olarak temelde 3
ayr1 baglhk altinda incelenmektedir. Sts Dbitkileri
uretim miktar1 2019 yilina nazaran %3,5 oraninda
azalmigtir. Stis bitkileri tretimi i¢indeki paylar
incelendiginde kesme cicekler %60,9, diger sls
bitkileri ise %39,1'lik bir paya sahiptir. Dig mekéan
siis bitkileri Uretimi bir oOnceki yila goére %3,6
oraninda artarken, kesme c¢icek uretimi %7,7, i¢
mekéan siis bitkileri tretimi %6,2 oraninda azalmistir
(Anonim, 2020). S6z konusu verilere de bakildiginda
i¢ mekan siis bitkisi yetistiriciligi yillara gore
gerilemektedir. Buna ragmen i¢ mekan siis bitkileri
havay1 temizleme yetenekleri ve zorlu i¢ ortamlara
tolerans1 gibi faktorler ile dinya capindaki
populerligini daha da artirmaktadar.

I¢ mekan siis bitkilerinden cogu celikle veya dip
sturgunlerden ayirma yontemi ile cogaltilmaktadir.
Dieffenbachia, Yucca, Croton, Clathea ve Ficus gibi i¢
mekan siis bitkilerinin ¢elikle ¢ogaltiminda bariz bir

sorun yasanmazken Schefflera arbicola bitkisinin
uretiminde  belli  bir c¢ogaltma  yo6nteminin
belirlenmemesi ile seri Uretimi konusunda bir

takimsorunlar yasanmaktadir. Schefflera arbicola
(Hayata) Merr. bitkisi yaygin olarak tohum ile
yetistirilmektedir (Griffith, 1998; Chen at al., 2002;
Baghbidi and Jowkar, 2018). Bununla beraber dip

stirgiinlerinden ayirma yontemi ile de
cogaltilmaktadir (Gilman ve Watson, 1994).
Koklenme oranini arttirmak ve islemi
cabuklastirmak  icin genelde  odunsu  bitki
celiklerineoksin uygulamalar: yapilmaktadir.
Celiklerde koklerin meydana gelmesinin tegvik
edilmesinde, IAA, IBA ve NAA maddeleri

kullanilmaktadir. Ayrica odunsu bitki g¢eliklerinin
koklendirilmesinde g¢esitli koéklendirme ortamlar:
kullanilmaktadir. Ortam olarak; kum, perlit,
vermikulit, Sphagnum  yosunu ve bunlarin
kombinasyonlar: kullanilmaktadir (Tanriverdi, 1993).

Schefflera sp.,Araliaceae familyasinin bir iiyesi olup
anavatani Buyuk Okyanus'taki t¢ buyuk ada
obeginden biri olan Polinezya’dir. Bununla beraber
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Tayvan'da yayilis gostermektedir (Ohashi, 1993; Ho,
2000; Dinh ve Le, 2019). Herdem yesil, 7-9-11
yaprake¢igi bulunan gemsiye goériinimiinde yaprakl,
¢ali formunda bitkilerdir. Dogada 200’e yakin tiri
bulunan Schefflera cinsinin i¢ mekan sls bitkisi
sektorinde en yaygin kullanmilan tarlerinden biri
Schefflera arbicola (Hayata) Merr.dir. Gelisme
déneminde  15-21°C, kisin 10-13°C  sicakliga
gereksinim duymak ile beraber 7°C sicakligin altinda
biyime ve gelismede sorunlar yasamaktadir.
Ortalama nem istegi %70-75 olarak belirlenmigtir
(Oral, 1991).

Peyzaj ve sius bitkisi olarak son derece degerli olan
Schefflera arbicola (Hayata) Merr. bitkisinin aym
zamanda yapraklarindan ve saplarindan elde edilen
ucucu yaglarin [B-karyofililen (% 23.05), limonen (%
14.90), karyofil oksit (% 13.97), a-humulen (% 8.41),
spathulenol (% 6.00), B-kiiben (5.60 %) karyofilen
oksit (% 29.21), spathulenol (% 10.30) ve humulen
epoksit II (% 6.27)] antimikrobiyal etkileri oldugu da
tespit edilmistir (Dinh ve Le, 2019).

Bu ¢alismanin; bir i¢ mekan siis bitkisi olarak yaygin
kullanilan Schefflera arbicola bitkisinin seri Uretimi
i¢in bir veri olacagi distinilmektedir. Bu dogrultuda;
Schefflera arbicola  bitkisinden alinan g¢eliklerin
koklendirilmesinde yasanan olumsuzluklarin ortadan

kaldirnlmasi  ve  Uretimin  yayginlastirilmasim
saglamak ve ic¢in farkli yetigstirme ortamlar1 ve
oksinler kullanilarak koklenme yuzdeleri
belirlenmigtir.

MATERYAL ve METOD

Materyal

Calismada Dbitkisel materyal olarak Schefflera

arbicola (Hayata) Merr. bitkisi kullanilmigtir. Bu
arastirmada kullanilan bitkisel materyale ait yesil

gelikler, i¢ mekan kogullarinda yetismis saghkh
bitkilerden Kasim ay1 baginda, homojen olarak
alinmigtir.

Metod

Schefflera arbicola (Hayata) Merr. bitkisinden alinan
govde, tepe, yaprak ve yaprak-goz celikleri; ilgili
literatiirlerin (Basal ve ark., 1991; Tanriverdi, 1993;
Geng, 1995) koklenme igin 6énerdigi 50, 100, 250 ve
500 ppm’lik oksin (Indol-3-Biitirik Asit ve Naftalin
Asetik Asit) ¢ozeltileri uygulanmistir. Homojen olarak
belirlenmigbitkilerin tepe ve orta kisimlari 10-15
cm’lik mesafe belirlenerek kesilmig, altta bulunan
yapraklar temizlenmig ve lizerinde 2 veya 3 yaprak
birakilarak yesil celikler hazirlanmistir.

Deneme 4 tekerriir ve her tekerriirde 25 adet gelik
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olacak sekilde kurulmustur.istatistiksel analizler
tesadif parselleri deneme desenine gore hesaplanmasg,
elde edilen ortalamalar LSD (Asgari Onemli Fark) %1
seviyesinde karsilagtirilmigtir.

Koklenme ortamlari PVC c¢imlendirme kasalarina
doldurulmus, kullanilacak celikler saghkli bitkiler
tzerinden en az bir yaprak bulunacak sekilde 7-8 cm
boylarinda alinmigtir. Alinan geliklere; 50, 100,200 ve
500 ppm konsantrasyonlarinda IBA ve NAA
¢ozeltileri uygulanmis ve 3 cm derinlige dikim

yapilmigtir. Dikim igleminin ardindan sisleme
seklinde su verilmigtir. Calisma siliresinde ortalama
sicaklik; en dusik 8°C, en yiksek 259C olarak
6lcilmis, ortamin nemi yaklagsitk %60-70 arasinda
tutulmustur.

BULGULAR ve TARTISMA

Arastirmada kullanilan IBA ve NAA oksinlerinin
uygulandigr ¢elikler 6 farkli ortama dikilmis, elde
edilen kéklenme oranlari Cizelge 1’de verilmigtir.

Table 1. Effects of different substrate and Auxins concentrations on rooting rates (%) of cuttings
Cizelge 1.Farkli yetistirme ortamlar: ve oksin uygulamalarinin celiklerin kéklenme orani (%) iizerine etkisi

Ortam (Media)

IBA NAA Ortalama (Average)

Kum-Perlit-Toprak (1:2:1) Sand-Perlite-Soil (1°2:1) 00.00 + 0.000f
Kum-Perlit (1:1) Sand-Perlite (1:1)
Torf-Perlit (1:1) Peat-Perlite (1:1)

Kum Sand
Perlit Perlite
Torf Peat

19.20 + 0.2104
36.80 + 0.286P
11.20+ 0.200e
28.00 £+ 0.234¢
50.40+ 0.3372

00.00 + 0.0004
14.40 £0.217¢
39.20 £ 0.239=
14.40 £ 0.217¢
21.00 + 0.180p
37.60 £ 0.304a

00.00 + 0.0004
16.80 + 0.5214
38.00+ 0.702b
12.80 + 0.4194
24.50 + 0.617¢
44.00 £ 1.0032

Ortalama (Average)

24.00

21.20 -

LSD (0.01) IBA: 6.422; L.SD (0.01) NAA: 6.422; L.SD (0.01) L.SD (0.01) Ort: 4.541

Elde edilen verilere gore; IBA uygulanan celiklerde
en yliksek kéklenme orani (%50.40) torf ortamindan
elde edilmigtir. NAA uygulanan geliklerde ise en
yiiksek oran %39.20 ile Torf-Perlit (1:1) ortaminda
saglanmigtir.

Alt1 adet yetistirme ortamina dikilen c¢eliklerin

degisik oksin ve dozlarinin ortalamasi alindiginda
koklenme oranlarinda farkliliklar tespit edilmigtir.
Bu dogrultuda kullanilan IBA konsantrasyonlar1 ve
yetistirme ortamlarinin ¢eliklerin  koklenmeleri
uzerine etkileri Cizelge 2’de verilmistir.

Table 2. Effects of different substrate and IBA concentrations on rooting rates (%) of cuttings
Cizelge 2. Farkl yetistirme ortamlar: ve IBA konsantrasyonlarinin celiklerin kéklenme orani (%) iizerine etkisi

Ortam IBA Konsantrasyonu
Media 50 ppm 100 ppm 250 ppm 500 ppm 0 ppm Ortalama
Average

Kum-Perlit-Toprak 0.00+0.0004 0.00+0.0004 0.00+0.0004 0.00+0.0004 0.00+0.0004 0.00
(1:2:1)
Sand-Perlite-Soil
(1:2:1)
Kum-Perlit (1:1) 14.70+£0.250c = 21.75+0.550b¢ = 15.20+0.890»  15.80+0.740> = 31.70+0.750¢ 19.83
Sand-Perlite (1°1)
Torf-Perlit (1:1) 39.25+0.310> = 33.00+0.710» = 25.00+0.690> = 32.10+1.2102 @ 79.20+0.5102 41.71
Peat-Perlite (1:1)
Kum (Sand) 11.7540.190¢d = 14.20+0.690¢ 5.70+1.090¢ 12.00+1.110% | 29.75+1.090¢ 14.68
Perlit (Perlite) 29.00+0.615P 15.75+0.915¢ = 19.75+1.115% = 23.00+0.9052> = 46.00+0.990P 26.70
Torf (Peat) 49.20+0.4102 = 46.25+0.7102 = 41.00+0.5702 = 23.20+1.1502>  79.20+0.7502 44,77
Ortalama(Average) 28.78 26.19 21.33 21.22 53.17 -

LSD(0.01) Ortam x Konsatr:11.415

Cizelge 2’'ye gore; herhangi bir oksinin kullanilmadig:
kontrol grubunda (0 ppm) en yiiksek koklenme
oranlar1 (%79.20) tespit edilmis, s6z konusu
yetistirme ortamlarinin Torf-Perlit ve Torf icerdigi
belirtilmistir. Kum- Perlit - Toprak (1:2:1) yetistirme
ortaminda ise hicbir celikte koklenme
gézlenmemigtir.Bu arastirmanin 1s1ginda; s6z konusu
bitkinin ¢elikle ¢ogaltma g¢aligmalarinda yetistirme
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ortami istekleri farklilik gostermektedir.

NAAkonsantrasyonlar1 ve yetistirme ortamlarinin
geliklerin koklenmeleri tizerine etkileri Cizelge 3'te
verilmigtir.

Cizelge 2 ve 3 incelendiginde IBA uygulamalarinda
NAA uygulamasina gore nispeten yuksek koklenme
oranlar1 tespitedilmis, konsantrasyonlarin
istatistiksel degerlendirmesinde benzer sonuglara
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ulagilmigtir. Cizelge 2 ve 3te yer alan veriler
neticesinde; Kum-Perlit-Toprak karigimina dikilen
celiklerde ise IBA ve NAA uygulamalarindan da
koklenme gozlemlenmemigtir. IBA  ¢ozeltisinin
uygulandigi celiklerin koklenme yuzdeleri
incelendiginde; en diisiik oran (%5.70) ile 500 ppm’lik
konsantrasyonun uygulandigi kum ortaminda, en
yiksek oran ise %79.20 ile 0 ppmlik

konsantrasyonun uygulandigi torf ve torf-perlit
ortamlarinda tespit edilmistir. NAA ¢ozeltisinin
uygulandigr c¢eliklerde ise en yiksek koéklenme
yuzdesi torf ve torf perlit karisgimina dikilen ve 0 ppm
konsantrasyonda (%72.80), en diisiik koklenme

yiizdesi (%2.30)kum ortamina dikilen ve 250
ppmkonsantrasyon uygulanan g¢eliklerde tespit
edilmigtir.

Table 3. Effects of different substrate and NAA concentrations on rooting rates (%) of cuttings
Cizelge 3. Farkl yetistirme ortamlar: ve NAA konsantrasyonlarinin celiklerin kéklenme orani (%) iizerine etkisi

Ortam (Media) NAA Konsantrasyonu
50 ppm 100 ppm 250 ppm 500 ppm 0 ppm Ortalama
Average

Kum-Perlit-Toprak 0.00+0.0004 0.00+0.0004 0.00+0.0004 0.00£0.0004 0.00+0.0004 0.00
(1:2:1)
Sand-Perlite-Soil
(1:2:1)
Kum-Perlit (1:1) 9.30+£0.780c | 14.25+1.050*¢ = 8.80+1.290b = 12.20+0.840>  24.30+0.650¢ 13.77
Sand-Perlite (1°1)
Torf-Perlit (1:1) 28.75+£1.250> = 23.00+0.910>  19.00+1.610* = 27.90+1.6102 = 72.80+0.9102 34.29
Peat-Perlite (1'1)
Kum (Sand) 8.25+1.090¢d 9.80+0.990¢ 2.30+0.690¢ 8.00+1.060P = 26.25+1.290¢ 10.92
Perlit (Perlite) 23.00+0.715> = 12.25+1.315¢  17.25+0.315b¢  17.00+0.6052> = 42.00+1.090P 22.30
Torf (Peat) 42.80+0.9102  33.75+0.8102 = 35.00+0.9702  16.80+1.3102>  72.80+0.615¢ 40.23
Ortalama(Average) 22.42 18.61 16.47 21.22 47.63 -
LSD (0.01) Ortam x Konsatr:8.892
Arastirmada kontrol grubundan yani herhangi bir kullamlan Schefflera —arbicola (Hayata) Merr.

oksin uygulamasi yapilmayan celiklerden en yuksek
kéklenme oraninin (%42.00) elde edilmesi dikkat
cekici bir sonuctur. Denemede 500 pm doz
uygulamasinda en diisiik kéklenme orami (%15.66)
tespit edilirken, en yiiksek koklenme orani (%42.00)
hicbir hormon ilave edilmemis kontrol grubunda
gozlemlenmistir. Ozbek (1971)e gére; IBA ve NAA
uygulanan Pashisandra terminalis, Leycesteria
formosa ve Murandia spbitkilerinde s6z konusu
oksinlerin serbest asitlere gore daha dominant
oldugu, diger turlerde ise etkisiz kaldig1 veya
koklenmeye engel oldugu belirtilmigtir.

Farkli yetistirme ortamlarina dikilen c¢eliklerin
hormon konsantrasyonlarina gére kéklenme oranlar:
incelendiginde Kum-Perlit-Toprak ortaminda higbir
konsantrasyonda koéklenme saglanmamigtir. Torf-
Perlit ortaminda ve sadece torf bulunan ortamda en
yiksek koklenme orani hormon uygulanmamig
celiklerden elde edilmistir. Bu dogrultuda; Schefflera
arbicola (Hayata) Merr. bitkisinin yetistirme
ortaminda torf bulunmasi gerektigi belirtilmigtir.

SONUC ve ONERILER

Sus bitkisi yetistiriciligi sektoriinde bitki c¢ogaltim
metotlarinda  birtakim sorunlar  yasanmakta,
bitkilerin uygun g¢ogaltim tekniklerinin belirlenmesi
son derece onemli bir hal almaktadir. Bu kapsamda;
calismada i¢ mekan siis bitkisi olarak yaygin
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bitkisinin c¢elikle ¢ogaltiminda en uygun yetistirme
ortami (Torf — Perlit), uygun oksin konsantrasyonlari
belirlenmigtir.

Denemede celiklere oksin uygulanmig, NAA c¢o6zeltisi
uygulanan celiklerin koéklenme oranlari, IBA
uygulanan celiklerin koklenme oranina ve istatistiki
degerlere oldukc¢a yakin bulunmustur. Elde edilen
bulgulara gore; IBA uygulamasi yapilan celiklerden
en yiikksek koklenme oranmi (%50.40) ile sadece torf
bulunan yetistirme ortaminda tespit edilmigtir.
Calismada elde edilen veriler 1s181nda; Schefflera
arbicola (Hayata) Merr. bitkisinin koéklendirme
asamalarinda yetigtirme ortaminda torf
kullanilmasinin olumlu oldugu belirlenmigtir.

Odunsu bitkilerin c¢elikle ¢ogaltiminda oksinlerin
koklenme oranmini arttiginin bilinmesine ragmen
calismada en yliksek koklenme kontrol gruplarinda
tespit edilmis, s6z konusu hormonlarin kéklenme

tzerine olumlu bir etki olugsturmadigi sonucuna
ulagilmigtir.

Aragtirmacilarin Katki Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan ederler.

Cikar Catismasi Beyam

Makale yazarlar1 aralarinda herhangi bir c¢ikar

¢atigsmasi olmadigini beyan ederler.
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OZET Entomoloji
Bu c¢alismada Bitlis ilinin Hizan ilgesinde Papilionoidea ve
Hesperioidea (Lepidoptera) iist familyalarina ait faunistik bir Aragtirma Makalesi
¢alisma gergeklestirilmigtir. Calismada 23 lokaliteden toplanan 937
ornek incelenmigtir. Calisma sonucunda 7 familyaya ait toplam 101 Makale Tarihgesi
tir tespit edilmigtir. Bu tirlerden Hizan ilgesi i¢in 84 tiir, Bitlis ili Gelig Tarihi  :26.04.2021
icin ise 3 tir (Pseudochazara (s.str.) mniszechii, Carcharodus Kabul Tarihi :29.10.2021
(Lavatheria) stauderi, Eogenes alcides) yeni kayit niteligindedir.
Ayrica c¢alismada, bazi lokalitelerin ve bazi tlrlere ait ergin Anahtar Kelimeler
bireylerin resimleri de sunulmustur. Papilionoidea
Hesperioidea
Fauna
Hizan
Bitlis
Papilionoidea and Hesperioidea Fauna of Hizan District (Bitlis)
ABSTRACT Entomology
In this research, a faunistic study was carried out in Hizan district of
Bitlis province on Papilionoidea and Hesperioidea superfamilies. In Research Article
the study, 937 samples collected from 23 localities were examined. . .
As a result of the study, a total of 101 species belonging to 7 families Artlc.le Hlstory'
were identified. Of these, 84 species for Hizan district and 3 species Received ) 26.04.2021
(Pseudochazara (s.str.) mniszechii, Carcharodus (Lavatheria) Accepted S e
stauderi, Fogenes alcides) for Bitlis province are new records. In Ke d
.. . .. c e . yworas
addition, plcf,ures of some locahtle.s and adult individuals belonging Papilionoidea
to some species are also presented in the paper. Hesperinidea
Fauna
Hizan
Bitlis
Ataf Sekli: Akbaba E, Akin K 2022. Hizan Ilgesi (Bitlis) Papilionoidea ve Hesperioidea Faunasi. KSU Tarim ve Doga
Derg 25 (5): 1028-1035. https://doi.org/10.18016/ksutarimdoga.vi.928366
To Cite : Akbaba E, Akin K 2022. Papilionoidea and Hesperioidea Fauna of Hizan District (Bitlis). KSU J. Agric Nat
25 (5): 1028-1035. https://doi.org/10.18016/ksutarimdoga.vi.928366
GIRIS kelebek tiirii belirlenmis olup Bitlis ilinden ve Hizan

Kelebek ve gilivelerden olusan Lepidoptera takimi
Zeugloptera, Aglossata, Heterobathmiina ve Glossata
olmak tlizere 4 alttakima ayrilmaktadir. Bunlardan
ilk tcu ilkel giive gruplarini olusturmakta ve herbiri
yalmzca tek familya igermekte olup takimin geriye
kalan 122 familyas1 Glossata alttakimi igerisinde yer
almaktadir. Lepidoptera takimina ait diinyada
yaklagik 156.100 tir tamimlanmig ve bu saymnin
255.000 civarinda bir saylya ulagmasi
beklenmektedir. Kelebekler 23.500 tiir ile bilinen
bitiin lepidopterlerin yaklagik % 9 gibi bir oranim
temsil etmektedir (Heppner, 2008).

Turkiye’de bugiine kadar 9 familya igerisinde 412

ilgesinden sirasi ile 204 ve 21 tir bilinmekteydi
(Kocak, 2017; Kocak ve Kemal, 2018; Kemal ve ark.,
2020). Son yillarda Tirkiye'de Lycaenidae
(Papilionoidea) familyasindan yeni tiirler
tanimlanmistir. Kemal ve Kocak (2013) Polyommatus
nazugum turini Kahramanmaras ilinden, Seven
(2014) Neolycaena soezen tiiriinii Eskisehir ilinden
ve Carbonell (2015) Polyommatus alibalii tiiriinii ise
Kahramanmarasg ilinden tanimlamiglardir.

Hizan ilgesi olduk¢a engebeli bir arazi yapisina
sahiptir. Ilgenin dogusunda Bahgesaray ve Gevasg
(Van), giiney ve gilineybatida Pervari (Siirt), kuzeyde
ise Tatvan (Bitlis) ilgeleri yer almaktadir. Ilce
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Giuneydogu Toros kivrim daglarinin dogu bélimiinde
yer almaktadir. Bolgedeki en yiiksek nokta Gozeli
Dagrnin Goézeli Dorugu’dur (3103 m). Bunun disinda
Avaberhan Tepesi (2903 m), Kirhacin Tepe (2729 m),
Hasteri Dag (2650 m), Biiyiikelesor Dag1 (2550 m),
Uctepe (2255 m), Bahnovan Tepe (2395 m), Babagsih
Tepe (224 m) ve Banur Tepe (2013 m) bélgedeki diger
onemli yiikseltilerdir (Behcet, 1994). Altan ve Behcet
(1994) bolgede 627 bitki taksonu tespit etmiglerdir.
Bu ¢alisma daha 6nce kelebekler tizerine kapsamli bir
calismanin yapilmadigi Bitlis ilinin Hizan ilgesinde
yuritilmis olup, Papilionoidea ve Hesperioidea
ustfamilyalarina ait kelebek faunasi belirlenmeye
calisilmigtir.

MATERYAL ve METOD

Calisma Bitlis ilinin Hizan ilgesi simirlari igerisinde

2018-2020 yillari, Nisan-Ekim aylar1 arasinda
yuritilmustir. Atrap  yardimiyla  yakalanan
ornekler, icerisinde mnaftalin bulunan kutularda

muhafaza edilmis ve daha sonra ornekler teghis
islemi i¢cin standart miize materyali haline

getirilmistir. Bu islem ic¢in oOrnekler yumusatma
kaplarinda orneklerin yumusama silrelerine uygun
olarak 1-2 giin bekletilmis ve yumusayan ornekler

bocek igneleri ile ignelenerek gerilmeye hazir hale
getirilmigtir. Germe iglemi sirasinda pens, aydinger
kagidi, germe tahtast1 ve germe  igneleri
kullanilmigtir. Gerilen o6rnekler yaklasik bir hafta
sireyle glnes almayan bir yerde bekletilerek
kurumalar1 saglanmistir. Kuruyan ornekler germe
tahtalarindan ¢ikarilarak lokalite bilgileri ve
tarihlerinin bulundugu etiketlerle etiketlenmistir.

Orneklerin tiir diizeyinde teshis islemlerinde ana
kaynak olarak Hesselbarth ve ark. (1995)'nin Tiirkiye
kelebekleri galismasi kullanilmigtir. Bu c¢alismanin
yan sira, Higgins (1941), Baytas (2007), Eckweiler ve
Bozano (2016) ve Tshikolovets (2011)'in c¢alismalar:
ile Ziegler (2005-2019), Martin (2020), Rowlings
(2003-2020) ve Lepiforum e.V., (2020) gibi internet
sitelerinden de faydalanilmigtir. Ayrica Bitlis Eren
Universitesi Fen Edebiyat Fakiltesi Biyoloji Bélimi
Zooloji Laboratuvarinda bulunan koleksiyon 6rnekleri
de teshis islemlerinde karsilastirma materyalleri
olarak kullanilmagtir.

Hizan ilgesinde arazi c¢alismalar1i 23 lokalitede
yurutilmiis olup lokalitelere ait bilgiler asagida
belirtildigi gibidir (Sekil 1). Lokalite numaralar: Sekil
2’deki  harita lizerinde ayni numaralar ile
isaretlenerek belirtilmigtir.

Sekil 1. Bazi calisma lokalitelerine ait resilr, a. Panor G(;ii b. Balli Koy, c. Harrnanijve Koy, d. Nurs Koyt.

Figure 1. Pictures of some study localities, a. Panor Pass, b. Ball1 Village, c. Harmandover Village, d. Nurs Village
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Sekll 2 Cahsma lokaliteleri (Anonim, 2021)
Figure 2. Studying localities (Anonim, 2021)
1. Panor Gecidi (38°14'30" K 42°19'14"D, 1870 m).

2. Darinus, Altinoluk Mahallesi (Ekinciler Alabalik
Tesisi) (38°13'22"K 42°21'07"D, 1660 m).

3. Gayda (Merkez) (38°10'36"K 42°23'21"D, 1270 m).

4. Gayda, Yolbasi Mezras1 (38°10'19"K 42°23'55"D,
1205 m).

5. Nurs Koyt (38°09'08"K 42°38'15"D, 1915 m).

6. Yukar1 Calli Koyt (38°10'12"K 42°38'46"D, 2010
m).

7. Balli Koyt (38°00'57"K 42°30'23"D, 1300-1400 m).

8. Dokiiktas Beldesi, Kayas Mezras1 (37°59'49"K
42°38'00"D, 1445 m).

9. Hac1t Mehmet Koyl (37°58'59"K 42°36'55"D, 984
m).

10. Nazar Képriisii (38°08'12"K 42°25'58"D, 1070 m).
11. Horozdere Kéyii (38°15'21"D 42°27'06"D, 1427 m).
12. Siittast Kéyii (38°15'34"K 42°26'00"D, 1484 m).
13. Budakl Kéyii (38°15'56"K 42°24'32"D, 1532 m).

14. Karbast1 Koyi, Koclu Mezras: (38°08'22"K
42°17'19"D, 1500-1600 m).

15. Oymapinar Koy (38°05'29"K 42°29'55"D, 1828
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16. Bolukli Koyt (38°04'49"K 42°33'03"D, 1818 m).

17. Yedikardes Mezrasi, Aladana Yaylas: (38°17'26"K
42°24'24'"D, 1673 m).

18. Aladana’y1 gectikten sonra merkez yayla
(38°18'09"K 42°24'23"D, 1780 m).
19. Aksar Koyii, Hakif Mezras1 (38°10'04"K

42°29'10"D, 1595 m).

20. Uriinveren Koyii, Yapagan Mezras1 (38°11'23"K
42°34'52"D, 1864 m).

21. I¢likaval Koyii (38°15'17'K 42°22'41"D, 1625 m).
22). Harmandover Koyii (38°08'26"K 42°30'36"D, 805
m).

23. Kolludere’ye Varmadan 2. Koprii (38°15'41"K
42°36'20"D, 1545 m).

BULGULAR ve TARTISMA
Calisma boyunca toplanan 937 oérnegin
degerlendirilmesi  sonucunda  Papilionoidea ve

Hesperioidea Ustfamilyalarina ait 7 familya igerisinde
101 tur belirlenmigstir. Agsagida verilen listede Hizan
ilgesi i¢in yeni kayit olan turler “*”, Bitlis ili i¢in yeni
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kayit olan turler ise ile gésterilmigtir.

Ustfamilya Papilionoidea
Familya Argynnidae (=Nymphalidae auct.)
Argynnis (Fabriciana) niobe (Linnaeus, 1758)*

Argynnis  (Pandoriana) pandora  ([Denis

Schiffermiiller], 1775)*

Argynnis (Speyeria) aglaja (Linnaeus, 1758)*
Argynnis (s.str.) paphia (Linnaeus, 1758)*

Brenthis daphne (Bergstrisser, 1780)*

Issoria Iathonia (Linnaeus, 1758)*

Melitaea (Cinclidia) phoebe (Goeze, 1779)*

Melitaea (Didymaeformis) persea Kollar, [1849]*
Melitaea (s.str.) arduinna (Fabricius, 1787)*
Polygonia (Comma) c-album (Linnaeus, 1758)*
Polygonia (Comma) egea (Cramer, [1775])*

Vanessa (Cynthia) cardui (Linnaeus, 1758)*
Vanessa (s.str.) atalanta (Linnaeus, 1758)*

Familya Libytheidae

Libythea (s.str.) celtis (Laicharting, 1782)*

Familya Lycaenidae

Callophrys rubi (Linnaeus, 1758)*

Celastrina argiolus (Linnaeus, 1758)

Cigaritis acamas (Klug, 1834)*

Glaucopsyche (Iolana) lessei Bernardi, 1964*
Glaucopsyche (s.str.) alexis (Poda, 1761)

Lampides boeticus (Linnaeus, 1767)*

Lycaena (Alciphronia) alciphron (Rottemburg, 1775)
Lycaena (Heodes) virgaureae (Linnaeus, 1758)*
Lycaena (Loweia) tityrus (Poda, 1761)*

Lycaena (Thersamonia) asabinus (Gerhard, [1850])*
(Gerhard,

Lycaena  (Thersamonia) kefersteinii

[1850D)*

Lycaena (Thersamonia) thetis (Klug, 1834)*
Lycaena (s.str.) phlaeas (Linnaeus, 1761)*
Plebejus (Kretania) carmon (Gerhard, [1851])*
Plebejus (Plebejides) zephyrinus (Christoph, 1884)
Plebejus (s.str.) argus (Linnaeus, 1758)*

Polyommatus (Albulina (Plebejidea)) loewii (Zeller,
1847)*

Polyommatus (Aricia (Ultraaricia)) crassipunctus
(Christoph, 1893)*

Polyommatus (Aricia (s.str.)) agestis ([Denis &
Schiffermiiller], 1775)
Polyommatus (s.str. (Agrodiaetus (Admetusia))
alcestis (Zerny, 1932)*
Polyommatus (s.str. (Agrodiaetus (Admetusia)))

demavendi (Pfeiffer, 1938)*
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Polyommatus (s.str. (Agrodiaetus (Antidolus))

menalcas (Freyer, [1837])*
Polyommatus (s.str. (Agrodiaetus (Transcaspius))
turcicus (Kocak, 1977)* (Sekil-3a-b)

Polyommatus (s.str. (Lysandra)) bellargus

(Rottemburg, 1775)

Polyommatus (s.str. (Meleageria)) daphnis ([Denis &
Schiffermiiller], 1775)*

Polyommatus (s.str. (Plebicula)) amandus (Schneider,
1792)*

Polyommatus (s.str. (Sublysandra)) aedon (Christoph,
1877)*

Polyommatus (s.str.
(Canterer, [1835])*

Polyommatus (s.str.) icarus (Rottemburg, 1775)

(Thersitesia)) thersites

Pseudophilotes vicrama (Moore, 1865)*

Satyrium (Nordmannia) abdominalis (Gerhard,

[1850])*
Satyrium (Nordmannia) armenum (Rebel, 1901)*

Satyrium (Nordmannia) zabni Oorschot & Brink,
1991 (Tez calismasinda Satyrium (Nordmannia)
acaciae (Fabricius, 1787) olarak teshis edilmisti.)

Turanana endymion (Freyer, [1850])

Familya Papilionidae

Zerynthia (Allancastria) deyrollei (Oberthiir, 1869)*
Familya Pieridae

Anthocharis cardamines (Linnaeus, 1758)*
Aporia (s.str.) crataegi (Linnaeus, 1758)

Colias (Eriocolias) crocea (Fourcroy, 1785)
Gonepteryx (s.str.) farinosa (Zeller, 1847)*
Leptidea duponcheli (Staudinger, 1871)*
Leptidea sinapis (Linnaeus, 1758)*

Pieris (Artogeia) ergane (Geyer, [1828])*

Pieris (Artogeia) mannii Mayer, 1851)*

Pieris (Artogeia) persis Verity, 1922* (Sekil-3c-d)
Pieris (Artogeia) pseudorapae Verity, 1908*
Pieris (Artogeia) rapae (Linnaeus, 1758)*

Pieris (s.str.) brassicae (Linnaeus, 1758)*

Pontia chloridice (Hiibner, [1813])*

Pontia edusa (Fabricius, 1777)*

Familya Satyridae

Brintesia circe (Fabricius, 1775)*

Chazara (s.str.) briseis (Linnaeus, 1764)*
Coenonympha (s.str.) leander (Fabricius, 1787)*
Coenonympha (s.str.) pamphilus (Linnaeus, 1758)*
Coenonympha (s.str.) saadi (Kollar, [1849])
Esperarge (s.str.) clymene (Fabricius, 1787)

Hipparchia (Neohipparchia) statilinus (Hufnagel,
1766)*



KSU Tarim ve Doga Derg 25 (5): 1028-1035, 2022 Aragtirma Makalesi

KSU J. Agric Nat 25 (5): 1028-1035, 2022 Research Article
Hipparchia (s.str.) syriaca (Staudinger, 1871)* Lasiommata megera (Linnaeus, 1767)*
Hyponephele (s.str.) Iupina (Costa, [1836])* Maniola (Telmessiola) telmessia (Zeller, 1847)

Maniola (s.str.) jurtina (Linnaeus, 1758)*
Melanargia (Turcargia) grumi Standfuss, 1892*
Melanargia (Turcargia) hylata Ménétriés, 1832)*

Hyponephele (s.str.) Iycaon (Rottemburg, 1775)*
Kirinia (Melike) roxelana (Cramer, [1777])*
Lasiommata maera (Linnaeus, 1758)*

Sekil 3. Baz1 kelebeklere ait resimler, a-b. Polyommatus turcicus (3), a. Dorsal, b. Ventral, c-d. Pieris persis (3),
c. Dorsal, d. Ventral, e-f. Carcharodus stauderi (3), e. Dorsal, f. Ventral.

Figure 3. Pictures of some butterflies, a-b. Polyommatus turcicus (), a. Dorsal, b. Ventral, c-d. Pieris persis (5),
¢. Dorsal, d. Ventral, e-f Carcharodus stauderi (5), e. Dorsal, £ Ventral,
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Melanargia (Turcargia) syriaca (Oberthiir, 1894)*
Pararge aegeria (Linnaeus, 1758)*
Pseudochazara (s.str.) beroe (Freyer, [1843])*

Pseudochazara (s.str.) mniszechii (Herrich-Schiffer,
[1851])**

Pseudochazara (s.str.) pelopea (Klug, 1832)*
Ustfamilya Hesperioidea

Familya Hesperiidae

Carcharodus (Lavatheria) lavatherae (Esper, [1783])*
Carcharodus (Lavatheria) stauderi Reverdin, 1913**
(Sekil-3d-f)

Carcharodus (Reverdinus) orientalis Reverdin, 1913*
Carcharodus (s.str.) alceae (Esper, [1780])*

Eogenes alcides Herrich-Schiffer, [1852] **

Erynnis (s.str.) tages (Linnaeus, 1758)*

Muschampia poggei (Lederer, 1858)*

Muschampia proteides (F.Wagner, 1929)*

Ochlodes venatus (Bremer & Grey, [1852])*

Hesperiidae; 16

Satyridae; 22

Pieridae; 14 Papilionidae; 1

Sekil 4. Turlerin familyalara gore dagilimi
Figure 4. Distribution of species by families

Calismadan oOnce Bitlis ilinden 204 ve Hizan
ilcesinden 21 tiir bildirilmistir (Kocak, 2017; Kemal
ve ark., 2020). Bu calismada Hizan ilcesi icin 84 tiir,
Bitlis ili icin ise 3 tiir (Pseudochazara (s.str.)
mniszechii, Carcharodus (Lavatheria) stauderi,
Eogenes alcides) yeni kayittir. Calismanin sonucu
olarak Bitlis ilindeki tur sayis1 207ye, Hizan
ilgesindeki tur sayisi ise 105’e ylukselmigtir. Kogak ve
Kemal (2018)in calismasina goére Pseudochazara
(s.str.) mniszechii tiirii Giineydogu Anadolu bélgesi
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Pyrgus armoricanus (Oberthiir, 1910)*

Pyrgus cinarae (Rambur, [1839])*

Pyrgus melotis (Duponchel, [1834])*

Spialia (Neospialia) orbifer (Hiibner, [1823])
Spialia (s.str.) phlomidis (Herrich-Schéffer, [1845])*
Thymelicus lineolus (Ochsenheimer, 1808)
Thymelicus sylvestris (Poda, 1761)

SONUC ve ONERILER

Calisma sonucunda Hizan  (Bitlis) ilgesinde
Papilionoidea ve Hesperioidea ust familyalarina ait 7
familya icerisinde toplam 101 tiir tespit edilmisgtir.

Alanda Lycaenidae familyas1 34 tir ile en fazla tir
iceren familya, Papilionidae ve Libytheidae
familyalar1 ise en az tir (1 tiir) iceren familyalar
olmustur. Satyridae, Hesperiidae, Pieridae ve
Argynnidae familyalar: ise sirasiyla 22, 16, 14 ve 13
tiir ile temsil edilmislerdir (Sekil 4).

Argynnidae; 13
Libytheidae; 1

B Argynnidae
M Libytheidae
W Lycaenidae

Papilionidae
H Pieridae

M Satyridae

Lycaenidae; 34
M Hesperiidae

disinda Tirkiye genelinde, Fogenes alcides tiru

Marmara Dbélgesi diginda Tirkiye genelinde,
Carcharodus  (Lavatheria) stauderi tiri ise
Turkiye'nin butun bélgelerinden yayiligi
bildirilmigtir. Daha o¢nce Hizan ilgesinde varhg

bilinen Celastrina argiolus, Glaucopsyche (s.str.)
alexis, Lycaena (Alciphronia) alciphron, Plebejus
(Plebejides) zephyrinus, Polyommatus (Aricia (s.str.))
agestis, P. (s.str. (Lysandra)) bellargus, P. (s.str.)
icarus, Satyrium (Nordmannia) zabni, Turanana
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endymion, Aporia (s.str.) crataegi, Colias (Eriocolias)
crocea, Coenonympha (s.str.) saadi, Esperarge (s.str.)
clymene, Maniola (Telmessiola) telmessia, Spialia
(Neospialia) orbifer, Thymelicus Ilineolus ve T.
sylvestris tirleri calisma alaninda yeniden tespit
edilmistir. Limenitis (Azuritis) reducta, Melitaea

(s.str.) cinxia, Parnassius (Driopa) mnemosyne ve
Hyponephele (s.str. (Turaninephele)) wagneri tiirleri
ise Hizan ilgesinde daha once belirlenmis olup, bu
calismada tespit edilememistir (Kocak, 2017; Kemal
ve ark., 2020) (Cizelge 1).

Cizelge 1. Calisma 6ncesi ve ¢aligma sonrasi Hizan ilgesi kelebek tirlerinin familyalara gore dagilimi
Table 1. The distribution of Hizan district butterfly species by families before and after the study

Familyalar Calisma oncesi tiir Calismadaki Calisma sonrasi1 Hizan ilgcesii¢in  Bitlis ili i¢in
sayisi tir sayis1 tir sayis1 yeni tiir sayilar yeni tir
(Kemal ve ark. sayllari
(2020)’e gore)
Argynnidae 2 13 15 13 S
Libytheidae - 1 1 1 -
Lycaenidae 9 34 34 25 =
Papilionidae 1 1 2 1
Pieridae 2 14 14 12 -
Satyridae 4 22 23 19 1
Hesperiidae 3 16 16 13 2
Toplam 21 101 105 84 3

Cok zengin bir flora, habitat ve topografyaya sahip
olan Hizan ilcesinde (Behcget, 1994; Altan ve Behcet,
1994) daha kapsamh arazi ¢calismalar ile tiir sayisina
yeni katkilar sunulabilecegi diigtintilmektedir.
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ABSTRACT
The lethal effects of Beauveria bassiana BIM-001 (1x108 spore mL1,

Plant Protection

1x107 spore mL1, 1x108 spore mL1), Fusarium subglutinans 12A Research Article

(obtained from cotton aphid in Adana-Karatas) and the commercial . .

preparation of 1.5% B. bassiana strain Bb-1 (250 mL da; 1x108 spore Artlc.le Hlstory‘

mL1) (Nostalgist SL) on Leptinotarsa decemlineata were Received : 27.04.2021
investigated. The isolates were applied to the eggs, larvae (1st, 2nd Accepted -02.10.2021
3rd, and 4th larval stages) and adults of L. decemlineata by spraying Keywords

in laboratory conditions (25 + 1°C, 60 + 10% relative humidity and
16:8 [L: D] photoperiod). The observations to determine the lethal
effect of isolates were performed up to 9 days for the eggs and larvae,
and 21 days for the adults of L. decemliineata following the first spore
suspension application. In the experiments conducted on the larval
stages, it was determined that the mortality rates due to all
entomopathogenic fungus isolates and at different concentrations
were significantly different from the mortality rate of the control.
The effect of all spore concentrations of B. bassiana BIM-001 was
found significantly higher than other treatments and the mortality
rates were 100% for all larval stages (P <0.05). In addition, the
mortality rates were between 4 and 16% for adults across all
treatment groups except for the control. Moreover, it has been
determined that each three spore concentrations of B. bassiana BIM-
001 also suppressed the egg hatching of L.decemliineata by 55 to 60%

Baz1 Entomopatojen Funguslarin Leptinotarsa decemlineata Saymin Farkli Biyolojik Dénemleri

Uzerindeki Oliimeiil Etkilerinin Belirlenmesi

Colorado potato beetle
Biological control
Mycopesticide

Pest

OZET Bitki Koruma

Isparta patates tUretim alanlarinda bulunan patates bocegi

erginlerinden elde edilen Beauvaria bassiana BIM-001 (1x108 spor Aragtirma Makalesi

mL, 1x107 spor mL?, 1x10% spor mL1), Adana-Karatas pamuk

yaprakbitinde bulunan Fusarium subglutinans 12A ve 1.5% Makale Tarihgesi
Beauveria bassiana strain Bb-1 (250 mL da; 1x108 spor mL1) Gelig Tarihi  :27.04.2021
(Nostalgist ~SL)in  piiskiirtme  yontemi ile  Leptinotarsa Kabul Tarihi :02.10.2021
decemlineatanin ergin, larva (1., 2., 3., ve 4. larva) ve yumurtalarina

oliim etkileri laboratuvar kosullarinda (25+1°C, %60+10 nem ve 16:8 Anahtar Kelimeler
fotoperiyot) arastirilmistir. Entomopatojen funguslarin farkl yasam Patates bocegi

dénemleri tlizerindeki o6ldiiriicii etkilerinin belirlenmesi amaciyla Biyolojik kontrol
gozlemler ilk spor stispansiyonu uygulamasim takip eden 3., 5., 7. ve Mikopestisit

9. giinlerde gerceklestirilmigtir. Larva donemlerinde yapilan Zararl

deneylerde, tim entomopatojen funguslarin ve spor

konsantrasyonlarinin etkisinin kontrolden farkli oldugu, B. bassiana
BIM-001'in farklh spor konsantrasyonlarimin etkisi digerlerinden
6nemli ve tiim larva doénemleri i¢in 6lim oranlarinin %100 oldugu
bulunmustur (P <0.05). Ek olarak, kontrol digindaki tiim
denemelerde erginlerde o6lim oranlar1 %4 ile %16 arasinda
bulunmustur. Ayrica, B. bassiana BIM-001'in her ¢ spor
konsantrasyonunun da L. decemlineatanin yumurtadan ¢ikmasini
%55 1ila 60 oraninda baskiladig: tespit edilmigtir.
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INTRODUCTION collected from Isparta potato production areas. BIM-

Leptinotarsa  decemlineata  Say  (Coleoptera: 001 isolate of B. bassiana, obtained from Isparta

Chrysomelidae), Colorado potato beetle, is known to
cause significant economic damages in many plants
belonging to Solanaceae family in the World. This
beetle is a polyphagous pest feeding on many plants
including potato, eggplant, tomato, pepper and some
weeds (Hsiao, 1978; Hare, 1990). It was reported that
the most suitable host for this pest is Solanum
tuberosum L. (potato) (Atak, 1973; Kekillioglu and
Yilmaz, 2018). Chemical management has been
almost the only method for controlling this pest for
about last 50 years (Kedici et al., 1998; Erdogan and
Toros, 2010). Negligent use of the pesticides is not
only detrimental to human health but it also causes a
tremendous negative effect on non-target organisms
(Topuz, 2005; Nieder et al., 2018; Kilic, 2019; Saha et
al., 2021). Efforts for the protection of nontarget
organisms from the destructive effects of pesticides
have led scientists to search organisms in nature to
be used for plant protection purposes. The studies on
the subject revealed that the entomopathogenic fungi
with around 700 known species were the most
suitable organisms for these purposes. Fungi species
such as Beauveria bassiana (Bals) Vull. (Ascomycota:
Cordycipitaceae), Metarhizium anisopliae (Metsch)
(Ascomycota: Clavicipitaceae), Isaria fumosorosea
Wize (Ascomycota: Clavicipitaceae) and Lecanicillium
(Verticillium) Jecanii R. Zare & W. Gams, 2001
(Ascomycota: Cordycipitaceae) have been used
commonly as biocontrol agent for pest control (Rath,
2000; Luangsa et al., 2005). B. bassiana, in particular,
is used for controlling of many agricultural pests
including Cydia pomonella L. (Lepidoptera:
Tortricidae) and L. decemlineata (Coleoptera) (Kilig
and Yildirim, 2008; Alves et al., 2002). In addition,
Fusarium subglutinans (Ascomycota: Nectriaceae)
attracting attention with its effectiveness in aphids
and thrip species such as Frankliniella occidentalis
Pergande (Thysanoptera: Thripidae) (Erkilic et al.,
1999; Mailhot et al., 2007; Demirézer et al., 2010;
Arici et al., 2012; Demirézer et al., 2015; 2016).

In current study, the effectiveness of B. bassiana
BIM-001, F. subglutinans 12A and B. bassiana strain
Bb-1 isolates on egg, 1st, 2nd 3rd and 4th stage larvae
and adults of L. decemlineata was investigated under
laboratory conditions.

MATERIALS and METHODS
Materials

Colorado potato beetles (L. decemlineata) were
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potato production areas, 12A isolate of F
subglutinans isolated from Aphis gossypii Glover
(Hemiptera: Aphididae) collected in the cotton
production areas of Adana-Karatas, and Nostalgist
(B. bassiana strain Bb-1, Agrobets Group Inc.) was
purchased. The BIM-001 isolate was used at three
different spore concentrations (1x106, 1x107, 1x108
spore mL1), yet, 12A isolate and Nostalgist used in
the concentrations of 1x106 spore mL! and 1x108
spore mL1, respectively.

Methods

Preparation of Beauveria bassiana BIM-001 and
Fusarium subglutinans 12A isolates

First, B. bassiana BIM-001 and F. subglutinans 12A
isolates were cultured on potato dextrose agar (PDA)
medium and incubated for 10 days at 25 °C in dark
conditions. Then the spore suspensions of each isolate
were diluted with sterile water, Tween 20 (0.1%) was
added and the spores were counted via thoma slide
under the microscope at 10x magnification (Nikon
Eclipse E100). In this study, spore suspensions and
concentrations were prepared according to method of
Uzun et al. (2019). Spore viability was determined by
measuring the rate of spore germination (Herlinda,
2010).

Application of entomopathogenic fungi to different life
stages of Leptinotarsa decemlineata

The isolates of entomopathogenic fungi were sprayed
with an apparatus capable of misting to different life
stages of potato beetles with 1 atm pressure for 7
seconds (0.3 ml cm?). The beetles were treated with
sterile water only for the control group. The study
was designed as a completely randomized plot design.
The egg treatments were 10 replications and 10 eggs
were used for each replication. The treatments were 5
replications for 1st, 2nd 3rd and 4th instar larvae and

adults, and 10 individuals were wused for each
replication.
Egg treatments

The potato leaves obtained from rearing cages and
containing a certain number of eggs were transferred
to plastic Petri dishes (6 cm) containing a pre-
moistened filter paper. The isolates were applied to
the eggs by the spraying method as previously
described.
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Larvae and adult treatments

The different larvae stages and adult individuals of
the Colorado potato beetle obtained from rearing
boxes were transferred to plastic boxes (500 mL) with
ventilation holes after being treated with the
entomopathogenic fungus isolates depending on
treatments in the study. Each of plastic boxes
containing all life stages of the pest treated with all
entomopathogenic fungus isolates separately were
kept in 2 L plastic polyethylene bags for 48 hours. All
experiments were conducted in the controlled
chambers (26 + 1 °C temperature, 65 + 5% humidity,
and 16: 8 L: D photoperiod). The numbers of dead and
alive organisms were determined until all died.
Following applications, the observations were
conducted on the 3, 5, 7, and 9t day for eggs and
larvae, and 3, 5, 7, 14, and 21th days for the adults.
The dead individuals were transferred to empty
sterile. The re-isolation was made on the dead
individuals were to determine whether the death was
caused by entomopathogenic fungi. The beetles in the
trials were fed with the potato plants materials (Agria
variety) grown in the pots.

Statistical analysis

The SPSS 20.0 software was used for the statistical
analyses of the data obtained. The one-way ANOVA
analysis was performed to determine the effects of
entomopathogenic fungus isolates on the mortality
rates of L. decemlineata after arcsine transformation
was applied to data and tested for normality before
analysis. The p-value less than 0.05 was considered
significant in all statistical tests.

RESULTS and DISCUSSION

Whereas the mortality rate of L. decemlineata adults

treated with entomopathogenic fungus isolates was
different from the control, however, the differences
between them were not statistically significant (P >
0.05) in each (Table 1). The results revealed that
entomopathogenic fungi used in the study showed
limited lethal effects on L. decemlineata adults. The
highest mortality rate (16%) was detected in the
beetles treated with the spore concentrations 1x108
spore mL1 (P= 0.02, F= 1.793) and 1x106 spore mlL!
(P=0.03, F=2.211) of BIM isolate. The mortality rates
were 12% in 1x108 spore mL* (P= 0.04, F= 3.014) of
BIM isolate, and 8% and 4% in the Nostalgist and F
subglutinans 12A, respectively. Various studies in the
literature have been reported the effectiveness of
entomopathogenic fungi on the Colorado potato beetle
adults varied. For instance, the mortality rates of L.
decemlineata adults when treated with B. bassiana
isolates ranged from 56% to 100%. Oztirk et al.
(2015) determined that all adult beetles were killed
with the use of three different B. bassiana isolates. It
is known that entomopathogenic fungi of different
genera and species have varying lethal effects on
pests in certain families of Coleoptera. It has been
reported that B. bassiana, I. fumosorosea, I. farinosa,
L. muscarium, and Paecilomyces farinosus isolates
caused death at the species belonging to
Tenebrionidae belonging Coleoptera by 34% to 56%
(Komaki et al., 2017). The study by Oz (2019)
supported these results reporting that the lethal
activity of three different isolates of B. bassiana was
promising on Sitophilus oryzae, Rhyzopertha
dominica and Oryzaephilus surinamensis. However,
it was determined that the mycopesticide and
entomopathogenic fungi used in the current study did
not show similar lethal effects on the adult of
Colorado potato beetles, and the mortality rate was
between 4 and 16%.

Table 1. Mortality rates (%) of Leptinotarsa decemlineata Say adults after 21 days in different applications
Cizelge 1. Leptinotarsa decemlineata Say erginlerinde uygulamalardan 21 giin sonra belirlenen éliim oranlari (%)

Treatments N Mortality Rates (%) + S.E.
Control 50 0+0.00b

Nostalgist (1x108 spore mL?) 50 8+4.60a

Fusarium subglutinans 12A (1x106 spore mL1) 50 4+523a

Beauvaria bassiana BIM-001 (1x106 spore mL1) 50 16+7.14a

Beauvaria bassiana BIM-001 (1x107 spore mL1) 50 12+5.12a

Beauvaria bassiana BIM-001 (1x108 spore mL1) 50 16+ 3.36a

a, b: Values followed by different letters in the same column are different (P <0.05)

The lethal effect of all fungus isolates was
statistically different from the control for all larval
stages. Although the effect of B. bassiana BIM-001
was different from those of F. subglutinans and
Nostalgist, the difference was not statistically
significant. In addition, the isolate concentration had
no statistical effect on the mortality rate (P >0.05).
The mortality rates were between 16% (the 1st larva
stage subjected to 1x106 spore concentration P= 0.02,
F= 1.723) and 32% (the 4t larva stage subjected to
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1x108 spore concentration P= 0.04, F= 1.916) on the 3
days after the application. The highest mortality rate
was recorded for the 3rdlarva stage in the 1x108 spore
concentration on the 7 DAA. It changed between 70
and 90% in different spore concentrations for other
larval stages. It was determined that all spore
concentrations of B. bassiana BIM-001 isolate were
effective against all larval stages, and provided 100%
mortality on the 7 DAA. In addition, 1x108 spore
concentration of B. bassiana BIM isolate showed the
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lethal effect in a relatively shorter time on the 3rd and
4th larvae, providing mortality rates of 90 and 94% on
the 7 DAA, respectively. The lethal effects of F.
subglutinans 12A and Nostalgist were not
significantly different for the first two larval stages.
Moreover, these two fungus isolates were found more

effective for the 4th larva stage on the 9 DAA
compared to the mortality rates detected on the other
observation days. The mortality rates of F
subglutinans 12A and Nostalgist were 76 and 84%,
respectively (Table 2).

Table 2. Mortality rates (%) determined after 9 days in different larval stages of Leptinotarsa decemlineata Say in different

applications

Cizelge 2. Leptinotarsa decemlineata Say’in farkli larva donemlerinde farkli uygulamalarda 9 giin sonunda belirlenen oliim

oranlar1 (%)

Mortality Rates (%) + S.E. of Larvae

Treatments

15t Stage 2nd Stage 3rd Stage 4%t Stage
Control 0+0.00 Ca 0+0.00 Ca 4+1.90 Ca 8+1.19 Ca
Nostalgist (1x108 spore mL1) 12+ 2.70 Bb 24 + 8.20 Bb 60 £ 4.84 Ba 84 +5.78 Aa
Fusarium subglutinans 12A (1x108 spore mL1) 16 +£3.91 Bb 18+2.21 Bb 64 + 5.86 Ba 76 + 5.56 Ba
Beauvaria bassiana BIM-001 (1x106 spore mL) 100 + 0.00 Aa 100 £ 0.00 Aa 100 £ 0.00 Aa 100 +0.00 Aa
Beauvaria bassiana BIM-001 (1x107 spore mL1) 100 + 0.00 Aa 100 + 0.00 Aa 100 +£0.00 Aa 100+ 0.00 Aa
Beauvaria bassiana BIM-001 (1x108spore mL1) 100 + 0.00 Aa 100 + 0.00 Aa 100+ 0.00 Aa 100+ 0.00 Aa

A, B,C Values followed by different letters in the same column are different (P <0.05)
a b, Values followed by different letters in the same row are different (P <0.05)

It was reported in previous studies that the different
isolates of B. bassiana (1x10® spore mL1) caused
100% mortality on 7 days after application (DAA) at
different larval stages of the potato beetle (2, 3, and
4th larval stages) (Oztiirk et al., 2015). In the present
study, the mortality rates of B. bassiana BIM isolate
at three different spore concentrations in 1, 2, 3, and
4th Jarval stages were between 70 and 94% on the 7
DAA. It was observed that 100% mortality was
reached 9 days after the application of isolates in all
larval stages. Nostalgist containing B. bassiana,
provided 50 to 84% mortality for the 4th larval stage
after 7 and 9 days of the application, respectively.
Similar to our results, Polat (2017) has also detected
90% mortality for the 3rd larval stage of L.
decemlineata on the 10 DAA with the application of
GOPT-552 isolate of B. bassiana (1x108 spore mL1).
The lethal effect of B. bassiana isolates obtained from
different hosts or geographical regions on L.
decemlineata may vary. In addition, the methods
used in the application of entomopathogenic fungus
isolates affect the mortality levels. Giiven et al. (2015)
determined that B. bassiana BMAUM-001 isolate
applied to 3rd larval stage of the Colorado potato
beetle provided 72.7%, 64.5%, 67.7% mortality rates
in the application methods of spraying, dipping, and
using dry film, respectively. In the same study, the
mortality rates of the three application methods were
83.6%, 92.9%, 90.8% for the BMAUM-002 isolate, and
83.6%, 59.7%, 79.2% for the BMAUM-003 isolate,
respectively. Wraight and Ramos (2015) reported that
conidiospores of the GHA isolate of B. bassiana
caused 58.8% mortality when they were sprayed to
the 2rd stage larva of L. decemlineata and up to 10%
(on the 7 DAA) when applied directly to the leaf.

Although there are several studies in the literature
exploring the lethal effect of F. subglutinans 12A
against aphids and thrips (Erkilic et al., 1999; Aric1 et
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al.,, 2012; Demirozer et al., 2015, 2016), to our
knowledge, there is no information in the literature
regarding its effectiveness on coleopteran species. It
was found in the present study that the lethal effect
of F. subglutinans 12A was 8% on L. decemlineata
adults and 16% and 18% on the 1st and 2nd stage of
the larvae, respectively. Moreover, F. subglutinans
12A resulted in the mortality rates of 64% and 84%
for 3rd and 4th larval stages, respectively. Demirozer
et al. (2010) reported that F subglutinans 12A
showed up to 70% lethal effect on the adults and 4th
stage larvae Chilocorus nigritus (Fab.).

The effect of different isolates and different spore
concentrations of entomopathogenic fungi on the egg
hatching rate was also determined in the present
study. The hatching rates of the eggs subjected to
entomopathogenic fungus isolates were significantly
different from the control. Additionally, egg hatching
rates treated with the fungus isolates were lower
compared the control for all observation days. On the
9th day after application, all eggs hatched at the
control and the minimum egg hatching was seen in B.
bassiana BIM-001 isolate that reduced the hatching
rate by 55 to 60% (Table 3).

CONCLUSION

It could be concluded from the results of the current
study that the entomopathogenic fungi had obvious
lethal effects against the larval stages and eggs of L.
decemlineata. On the other hand, they did not have a
sufficiently high lethal effects on the adults of this
pest. To reach more sound conclusion on effectiveness
of these entomopathogenic fugal isolates against L.
decemlineata as biocontrol agents further studies
should be conducted to evaluate the efficacy of these
isolates under in vivo conditions.
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Table 3. Determined egg hatching rate (%) in all treatments and different observation times
Cizelge 3. Tiim uygulamalarda farklh gézlem zamanlarinda belirlenen yumurta agilis orani (%)

Egg hatching rate (%) + S.E. and observation times (Day)

Treatments
3rd Day 5t Day 7t Day 9% Day

Control 34 + 3.05 Ca 53 + 3.00 Ba 92 + 2.90 Aa 100 + 0.00 Aa
Nostalgist (1x108 spore mL1) 21+2.33 Db 38£2.90Cab 50+2.10Bb 64+ 3.05 Ab
Fusarium subglutinans 12A (1x108 spore mL1) 11 + 2.33 Dbe 26+ 4.00 Cb 42 +5.21 Bbe 64 +4.76 Ab
Beauvaria bassiana BIM-001 (1x108 spore mL1) 11+ 1.79 Cbe 19+ 2.76 Ce 29 + 2.70 Be 43 +3.00 Ac
Beauvaria bassiana BIM-001 (1x107 spore mL1) 8+ 2.49 Ce 22+ 2.00 Be 36 £ 2.20 Abe 45+ 3.41 Ac
Beauvaria bassiana BIM-001 (1x108spore mL1) 10 + 2.58 Chbe 21+ 3.48 Be 34 + 3.05 Abc 40 + 3.33 Ac

A,B,C,D Values followed by different letters in the same row are different (P <0.05)
a,b, ¢ Values followed by different letters in the same column are different (P <0.05)
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OZET Bitki Koruma

Ikizce bugday cesidinde ti¢ Pratylenchus thornei popilasyonu (SK11,

SK24 ve YLVC24) ile Fusarium culmorum B4 izolati'min Aragtirma Makalesi
interaksiyonu es zamanli ve ardigik inokulasyonlarla kontrolli

kosullarda arastirilmistir. Calismada nematod poptlasyonlar: ig¢in Makale Tarihgesi

1000 larva+ergin birey inokulum yogunlugu kullanilirken, fungus Gelig Tarihi  :04.06.2021
inokulumunda %50 oraninda seyreltilmig kiltur filtrat1 kullanilmig Kabul Tarihi :29.09.2021
ve her saksiya 5 mL uygulanmigtir. Bitkiler yaklasik yedi hafta

sonra sokiilerek degerlendirme iglemi hastalik giddeti, toprak ve Anahtar Kelimeler
kokteki toplam nematod yogunlugu ve lireme orani agisindan Bugday
gerceklestirilmigtir. Calismada nematod ve fungus etkilesimlerinde Fusarium culmorum
nematod populasyonlarinin  patojenitesinin  6nemli  oldugu Interaksiyon

belirlenmigtir. Popiilasyonlar arasinda lireme orani en diisiik olan
YLVC24 (6.6+0.1) ile fungus arasinda bugdayda bir interaksiyon
saptanamamistir. En yliksek ureme oranina sahip SK24
populasyonunda (10.4+0.4) sadece nematod uygulamasi
(10436.0+446.8) ile karsilastirildiginda es zamanli nematod ve
fungus uygulamasi1 (12240.0+446.8) ile nematod inokulasyonundan
iki hafta sonra fungus uygulamasinda (11672.0+389.3) toplam
nematod yogunlugunun arttigi tespit edilmistir. Bugdayda nematod
uygulamasindan iki hafta énce fungus enfeksiyonu gerceklestiginde
ise SK11 ve SK24 populasyonlarinin yogunluklarinda azalma
gorulmustir. Bugdayda fungusun olusturdugu hastalik siddetinde es
zamanli ve ardisik inokulasyonlarda nematod popilasyonlar:
arasinda farklihk bulunamamistir. Fungus uygulama zamaninin
SK11 ve SK24 popilasyonlarinin toplam nematod yogunlugu ve
ureme oran1 Uzerinde etkili oldugu belirlenmigtir. Calismada
bugdayda sadece P. thornei SK24 populasyonu ile F. culmorum
arasinda sinerjistik etkilesim bulunmustur.

Poptilasyon yogunlugu
Pratylenchus thorner

Interaction of Three Populations of Pratylenchus thornei with Fusarium culmorum in Wheat Plant

ABSTRACT
The interaction of three populations of Pratylenchus thornei (SK11,

Plant Protection

SK24 and YLVC24) and Fusarium culmorum B4 isolate on Ikizce Research Article
wheat variety were investigated under controlled conditions with Article Hist
simultaneous and sequential inoculations. In the study, 1000 R icie dls ory' 04.06.2091
larvat+adult inoculum density was used for nematode populations, Aecelve d :29'09'2021
while 50% diluted culture filtrate concentration was used in the HECEN TagEe
fungal inoculum and 5 mL was applied to each pot. After about seven

° Keywords
weeks, the wheat plants were removed and evaluated in terms of Wheat
disease severity, fin.al nematode density in soil gnd root, and Fusarium culmorum
nematode reproduction rate. It has been determined that the Interaction

pathogenicity of the nematode populations is important in nematode
and fungi interactions in the study. No interaction could be detected
between the fungi and YLVC24, which has the lowest reproduction
rate (6.6+0.1) among the populations, on wheat. In the SK24
population with the highest reproduction rate (10.4+0.4), the final

Population density
Pratylenchus thornei
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nematode density was found to increase in simultaneous nematode
and fungi application (12240.0£446.8), and fungi inoculation two
weeks after nematode application (11672.0+389.3) compared to only
nematode application (10436.0+446.8). When fungi was inoculated
two weeks before nematode application on wheat, the population
densities of SK11 and SK24 decreased. No difference was found
between nematode populations in disease severity caused by fungi on

wheat in simultaneous and sequential

inoculations.

It was

determined that fungi application time was effective on total

nematode

density and reproduction rate of SK11 and SK24

populations. In the study, synergistic interaction was found only
between the P. thornei SK24 population and F. cu/morum in wheat.

Ataf Sekli: Goze Ozdemir, F.G., Arici, S.E., Elekcioglu, I.H. 2022. Bugday bitkisinde ti¢ Pratylenchus thornei
popiilasyonunun Fusarium culmorum ile interaksiyonu. KSU Tarim ve Doga Derg 25 (5): 1042-1050.
https://doi.org/10.18016/ksutarimdoga.vi.947535

To Cite : Goze Ozdemir, F.G., Anci, S.E., Elek¢ioglu, I.H. 2022. Interaction of three populations of Pratylenchus
thornei with Fusarium culmorum in wheat plant. KSU J. Agric Nat 25 (5): 1042-1050.
httpsi//doi.org/10.18016/ksutarimdoga.vi.947535

GIRIS yaklasik %25 ve Kuzey Amerika'da %31-%65

Kiiltiir  bitkilerinin  koklerinde  endoparazitik arasinda degistigi tespit edilmistir (Voss-Fels ve ark.,

beslenmeleri, genis konuk¢u dizisi olmasi, farkh 2018). Tirkiye de bugdayda kok ve kok bogazinda

ekolojik kogullara uyum saglamasi1 ve kozmopolit
ozelliklerinden dolay1 Koék yara nematodlar:
(Pratylenchus spp.) Kok-ur ve Kist nematodlarindan
sonra en Onemli bitki paraziti nematod grubudur
(Castillo ve Vovlas, 2007). En az sekiz Pratylenchus
tirinun bugdayda zarar olusturdugu bilinmektedir
(Fosu-Nyorke ve dJones, 2016). Bu tiirlerden
Pratylenchus thornei, bugdayda ekonomik ac¢idan en
onemli tiir olarak kabul edilmekte olup Cezayir,
Avustralya, Kanada, Hindistan, Israil, Italya,
Meksika, Fas, Pakistan, Suriye, Turkiye ve
Yugoslavya dahil olmak tuzere birgok iilkede yaygin
oldugu bildirilmistir (Nicol and Rivoal, 2008;
Thompson et al., 2010; Toktay ve ark., 2012;2020).
Kok yara nematodlar1 bugday da ozellikle az yagis
alan veya hafif bilinyeli toprak yapisina sahip
bolgelerde daha fazla zarar olusturmaktadir (Smiley
ve Nicol, 2009). Kék yara nematodlar1 hassas bir
bugday c¢esidinde verimi azaltan yluksek popiilasyon
yogunluklarina kolayca ulasabilirler (Thompson ve
ark., 2008). Pratylenchus thornei 'nin  bugdayda
Avustralya’da %85, Meksika’da %37, Israil’de %70 ve
ABD’de %50 kadar verim kaybina neden oldugu
saptanmistir (Armstrong ve ark., 1993; Ortiz-
Monasterio ve Nicol, 2004; Smiley ve ark., 2005).
Turkiye’de de bugday alanlarinda P. thornernin en
yaygin tiir oldugu tespit edilmistir (Misirlioglu ve
Pehlivan, 2007; Yildiz, 2007; Toktay ve ark.,2020;
Goze Ozdemir ve ark., 2021).

Fusarium culmorum sicak ve kuru iklimlerde
makarnalik bugday ve ekmeklik bugdayin énemli bir
patojeni olup Avrupa, Avustralya, Kanada, Kuzey

Amerika, Afrika ve Bati Asya'da bulundugu
bildirilmistir (Schem ve ark., 2013; Pasquali ve ark.,
2013). Fusarium kaynakh kék ve govde

hastaliklarina bagh verim kayiplarinin Avustralya'da
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¢irimeye neden olan en yaygin toprak kokenli
patojen F. culmorum olarak rapor edilmistir (Tunali
ve ark., 2008; Cepni ve ark., 2013; Erginbag-Orakc1 ve
ark., 2018). Tiirkiye'de F. culmorum'dan kaynakl
verim kayiplarinin kighk bugdayda %43'e, Orta
Anadolu platosunda durum bugdayinda %b54'e
ulastig1 saptanmistir (Bager ve ark., 2001; Hekimhan
ve ark., 2004).

Bitki paraziti nematodlar toprak kaynakli patojenler
ile etkilesimde olup bircok trinde hastalik
kompleksleri olusturabilmektedirler (Back ve ark.,
2002; Hassan ve ark.,, 2012). Kok yara
nematodlarinin bitkilerde penetrasyon ve beslenme
sturecinde actigr yaralar fungal etmenler igin
enfeksiyon alanlar1 olmaktadir (LaMondia, 2003;
Hoseini ve ark., 2010; Mallaiah ve ark., 2014). Riedel
(1988) bitki paraziti nematodlarin bitkileri énceden
uyararak veya konukcu fizyolojisini degistirerek bitki
patojenlerine karsi savunma mekanizmasini harekete
gecirebileceginden bahsetmigtir. Ayrica koklerde
patojen fungus enfeksiyonundan sonra nematod
penetrasyonunun arttig1 bir¢cok arastirmada ortaya
cikarilmistir (Edmund ve Mai, 1966a, 1966b, 1967;
Nord-Meyer ve Sikora, 1983). Bitki paraziti nematod
ve fungus tirlerine bagh olarak eszamanlhh veya
ardigik enfeksiyonlarin nematod Uremesini pozitif
veya negatif etkileyebildigi belirtilmektedir (Back ve
ark., 2002; Hassan ve ark., 2012; Hajihassani ve
ark.,2013). Goéze Ozdemir ve ark. (2022), Ikizce
bugday cesidinde P. thornei, P. neglectus ve P.
penetrans ile F. culmorum'un es zamanlh ve ardisik
inokulasyonlari ile yurutttiga calismada
aralarindaki etkilesimde, koék yara nematodlarinin
turleri arasinda farkliliklar tespit etmis ve bugdayda
nematod gelisiminde F. culmorum uygulama
zamaninin 6nemli oldugunu belirtmigtir.
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Farkli bitkilerde yurutilen calismalarda, Kok yara
nematodlarinin treme gii¢lerinin, tiir ve populasyon
yogunluklarina gore farklilik gosterdigi
belirtilmektedir (Olthof, 1990; France ve Brodie,
1996; Pinochet ve ark., 1994; Hafez ve ark., 1999;
Mudiope ve ark., 2004). Pratylenchus thorneihin
poplilasyonlar1 arasinda da farkh ireme oranlari ve
patojenite oldugu bildirilmistir (Tiyagi ve Parveen,
1992; Castillo ve ark., 1995b; Géze Ozdemir, 2021).
Hafez ve ark. (1999) patateste farkli bélgelerden
alinan iki P. neglectus izolat1 (Idaho ve Kanada) ile
Verticillium dahliae iligkisini arastirmiglar ve sadece
Kanada popiilasyonu ile V. dahliae arasinda
sinerjistik iligki belirlemiglerdir.

Nematodlarin ureme guciindeki benzerlik veya
farklhiliklarin patojenlerle iligkilerini degistirebilecegi
bunun da boélgesel olarak miicadele de 6nemli
olabilecegi disiiniilmektedir. Bu calismada Ikizce
bugday cesidinde t¢ P. thorner popiilasyonu ile F.
culmorum arasindaki etkilesimin eszamanli ve
ardisik inokulasyonlarla belirlenmesi amaglanmisgtir.

MATERYAL ve METOD
Materyal

Calisma F. culmorum B4 izolat1 ve Ug¢ P. thornei
1zolat1 ile Ikizce bugday cesidinde yuritulmustir.
Fusarium culmorum izolat1 daha once yurutilen
calismada (Arici, 2006) tanmilanmis ve ISUBU Ziraat
Fakiiltesi Bitki Koruma Boélumiu Biyoteknoloji ve
Doku Kilturi laboratuvarinda muhafaza edilmekte
ve patojenitenin kaybolmamasi acisindan periyodik

Cizelge 1. Pratylenchus thornei popiilasyonlarinin orijinleri
Tablel. Origin of Pratylenchus thornei

olarak  yenilenmektedir.  Pratylenchus  thornei
poptilasyonlar: ise daha 6nce yuritilen ¢alismadan
(Goze Ozdemir, 2021) alinmig ve kitle iiretimleri
ISUBU Ziraat Fakiiltesi Bitki Koruma Boélumiu
Nematoloji Laboratuvarinda Zuckermann (1985)
yontemiyle havuc¢ disklerinde devam ettirilmektedir.
Calismada kullanilan P. thornei popilasyonlarinin
orijinleri Cizelge 1 de verilmektedir. Ikizce bugday
cesidi de ISUBU Ziraat Fakiltesi Tarla Bitkileri
Bolimiinden temin edilmigtir.

Method
Nematod inokulumunun hazirlanmas:

Her popiilasyonun (YLVC24, SK11 ve SK24) kitle
uretimin gercgeklestirildigi havug diskleri ayr1 ayri
120 mm petri kaplarina aktarilmistir. Aktarilan
havuc diski kigiik pargalara bolinmiis ve petri kabim
kaplayacak sekilde steril saf su eklenmigtir. Alt1 saat
sonra nematodlar geligtirilmis Baermann huni
yontemi kullanilarak ekstrakte edilmigtir. Mezurlar
icerisinde elde edilen nematod stispansiyonlarinin her
bir tekrar1 15 mL'ye dusturilmiis ve santrifiy
tiplerine alinmistir (Mudiope ve ark., 2004).
Santrifi) tiiplerinde nematodlarin dibe ¢ékmesi i¢in 4
saat beklendikten sonra ustteki sivi atilarak 1 mL ye
dustrilmis ve dipteki kistmdan her P. thornei
izolatina ait ergintlarva 1sik mikroskobu altinda
10x10 buyutmede sayilmistir. Daha sonra calismada
kullanilacak nematod yogunlugu her izolat igin
ayarlanarak saf su igeren ependorf tiipler igerisinde
buzdolabinda bekletilmigtir.

Izolat Alindigi yer Koordinat Alindig1 konukgu
Isolate Sampling site Coordinate (Sampling host)
YLVC24 Yalvag, Isparta, Turkiye N: 38°18°40.7”/E: 031°08'24.2” Arpa

SKI11 Sarkikaraagac, Isparta, Tirkiye N: 38°04’39.4”/E: 031°27°23.3” Bugday

SK24 Sarkikaraagac, Isparta, Tirkiye N: 38°05’01.8"/E: 031°23’26.6” Arpa

Fungus inokulumunun hazirlanmasi

Fusarium culmorum B4 izolat1 50 mL PDB (patates
dextrose brooth agar) iceren 250 mL'ik erlenlerde
kiltire alinmis ve 121 °C de 20 dk. sterilize
edildikten sonra sogumaya birakilmigtir. Patates
Dekstroz Agar ortaminda gelisen 2 haftalik fungus
kolonisinden 1 cm'lik kare alinarak her Erlenmayer
icerisine 5-7 adet atilmig ve laboratuarda 25 °+1 C'de
karanhkta 21 gin boyunca inkiibe edilmigtir
(Bhagaweti ve ark., 2000; Arici, 2006). Inkiibasyon
stiresince her giin elle c¢alkalama iglemi
gergeklestirilmigtir. Daha sonrada fungus misel ve
sporlarimi uzaklagtirmak i¢in once 1ki kat filtre
kagidindan (Whatman No. 1) gecirildikten sonra
aspirator yardimiyla steril nuce Erlenmayer igerisine
cekilmigtir. Saf kultir filtrat1 distile su yardimiyla
%50 oraninda seyreltilmis ve deneme de bu
konsantrasyon kullanilmistir (Goze Ozdemir, 2020).
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Pratylenchus thornei popiilasyonlarinin Fusarium
culmorum ile etkilegsimlerinin belirlenmesi

Deneme kontrolli kogullar altinda 25+2°C sicaklik ve
%60+5 orantili nem igeren iklim odasinda, otoklav
edilmis 500 g toprak karigimi olan 500 cc’lik plastik
saksilarda gerceklestirilmistir. Her saksiya 3 adet
Tkizce bugday tohumu atilmis ve 3 bugday bitkisi 1
tekerriir olarak kabul edilmigtir. Deneme, tesadif
bloklar1 deneme desenine goére 5 tekerrirli olacak
sekilde kurulmustur. Pratylenchus thornei
popiilasyonlar1 i¢in inokulum yogunlugu 1000
larvatergin  birey kullanilmistir. F. culmorum
inokulumunda ise %50 oraninda seyreltilmig kiltir
filtrat1 konsantrasyonu her saksiya 5 mL gelecek
sekilde uygulanmistir (Goze Ozdemir, 2020). U¢ P.
thornei populasyonu igin deneme ayri kurulmus ve 6
uygulamadan olugsmaktadir. Uygulamalar; Nematod
ve fungus uygulanmamis kontrol bitkisi (K), Sadece
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nematod uygulanmis bitki (N), Sadece fungus
uygulanmig bitki (F), Es zamanh nematod ve fungus
uygulanmig bitki (N+F), Nematod uygulamasindan 2
hafta sonra fungus uygulanmis bitki (N+2F), Fungus
uygulamasindan 2 hafta sonra nematod uygulanmisg
bitki (F+2N) seklinde planlanmistir (Hoseini ve ark.,
2010).

Bugdaylarda ilk kardes yapraklar olustuktan sonra
kok bolgesi etrafina 2-3 cm toprak derinligine agilan
deliklere plastik puarli pipetler yardimiyla kombine
uygulamalarin 6nceligine gére nematod ya da fungus
inokulasyonu yapilmigtir. Bitkiler yaklagik 7 hafta
sonra sOkiilerek degerlendirme iglemi yapilmistir.
Degerlendirme islemi; 0-4 hastalik siddeti (0
saglikli, 1 = %25'den az nekroz, 2 = %25-50 arasinda
nekroz, 3=%50-75 arasinda nekroz ve 4 = % 75'den
fazla nekroz) (Wildermuth ve McNamara, 1994),
toprak ve kokteki toplam nematod yogunlugu (PF) ve
treme orami (PF (final) / PI (k) acisindan
gerceklestirilmistir. Topraktaki (300 g toprak) ve
kokteki (her saksidaki tiim kék) P. thornei yogunlugu
Baerman huni yontemi kullanilarak elde edilmisg
(Hooper, 1985) ve 1sik mikroskobunda (40X)
sayllmigtir.

Istatistiksel Analiz

Calismada elde edilen verilerin istatistiksel analizi
icin SPSS (versiyon 20.0) programi kullanilmig ve
ortalamalar arasindaki farklar1 test etmek i¢in tek

yonlii varyans analizi (ANOVA) yapilmistir. Farkh
grup ortalamalarmi belirlemek i¢in varyanslarin
homojen oldugu durumlarda "Tukey" kullanilmigtir
(P<0.05).

BULGULAR ve TARTISMA

Pratylenchus thornei SK11 popiilasyonu ve F.
culmorum etkilesiminde calisilan bugday cesidinde
hastalik siddetinde uygulamalar arasinda istatistiki
fark yoktur (P>0.05). SK24 popiilasyonu ile F
culmorum etkilegiminde yalmz fungus (F), es
zamanli nematod ve fungus (N+F), nematod
uygulamasindan 2 hafta sonra fungus (N+2F) ve
fungus uygulamasindan 2 hafta sonra nematod
(F+2N) uygulamalarinda hastalik siddeti birbirine
yakin bulunmustur. P. thorner YLVC24 popiilasyonu
ile F. culmorum etkilesiminde F, N+F, N+2F ve F+2N
uygulamalarinda hastalik siddeti arasinda istatistiki
fark yoktur (P>0.05). Bugdayda hastalik siddeti
parametresinde uygulama farkhiliginin  6nemli
olmadig1 gorilmektedir. SK11, SK24 ve YLVC24 P.
thornei popillasyonlar1 ile bugdayda kurulan
denemelerde hastalik siddeti parametresinde F, N+F,
N+2F ve F+2N uygulamalar1 arasinda istatistiki

olarak anlamli bir farklihk yoktur (P>0.05).
Bugdayda F. culmorum'un olusturdugu hastalik
siddetinde P. thornei populasyonlar1 arasinda

farklilik bulunamamistir (Cizelge 2).

Cizelge 2. Fusarium culmorum ve Pratylenchus thornei popiilasyonlar: etkilesiminde hastalik siddeti
Table2. Disease severity in the interaction of Fusarium culmorum and Pratylenchus thornei populations

Uygulamalar! Hastalik siddeti (Ortalama+Standart hata)?
Treatments! Disease severity (Mean+Standart error)?
Pratylenchus thornei popiilasyonlari
Pratylenchus thornel populations
SK11 SK24 YLVC24

N - - -

F 3.6£0.2 aA 3.6£0.2 aA 3.6+£0.2 aA

N+F 4.0£0.0 a4 3.8+0.2 aA 4.0£0.0 a4

N+2F 3.6+0.2 aA 3.8+0.2 aA 3.6+0.2 aA

F+2N 4.0+£0.0 24 3.6+0.2 aA 4.0+£0.0 a4

K - - -

1K: Nematod ve fungus uygulanmamig kontrol bitki, N: Sadece nematod uygulanmig bitki, F: Sadece fungus uygulanmis
bitki, N+F: Ayni anda nematod ve fungus uygulanmis bitki, N+2F: Nematod uygulamasindan 2 hafta sonra fungus
uygulanmis bitki, F+2N: Fungus uygulamasindan 2 hafta sonra nematod uygulanmag bitki

2Kic¢tik harfler aym sttunda ortalamalar arasindaki farkliliklari, buyik harfler aym satirda ortalamalar arasindaki

farkliliklar: gostermektedir (P<0.05).

Bugdayda P. thornei SK11 popllasyonu ve F.
culmorum etkilesiminde en yiliksek toplam nematod
yogunlugu ve iireme oran ortalamalar1 N (8856.0) ve
N+F (8872.0) uygulamalarinda belirlenirken, SK24
popilasyonu ve F. culmorum etkilesiminde en yiiksek
toplam nematod yogunlugu ve lreme orani N+F
(12240.,00 ve N+2F (11672.0) uygulamalarinda
bulunmustur. SK11 ve SK24 popilasyonlar: ile F.
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culmorum etkilesiminde en diisiik toplam nematod
yogunlugu ve tureme orami F+2N uygulamasinda
saptanmigtir. SK11 ve SK24 poptlasyonlar1 ile F.
culmorum etkilegsiminde bugdayda ilk olarak F
culmorum enfeksiyon olusturdugunda P. thorner
poptilasyonunun azaldig1 gérilmektedir. Bu durum F.
culmorum'un P. thornei Uzerinde negatif etkilesimini
gostermektedir. Ancak SK24 popilasyonunda es
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zamanli inokulasyonda ve 1ilk olarak P. thorner
enfeksiyon olusturdugunda nematod yogunlugunun
arttigns  gorilmektedir. F  culmorumun SK24
popllasyonu ile bu 2 uygulamada pozitif etkilesimi
belirlenmigtir. F. culmorum ve P. thornei SK11 ve
SK24 popiilasyonlarinin etkilesiminde F.
culmorum'un uygulama zamaninin etkili oldugu
bulunmustur. YLVC24 popilasyonu ve F. culmorum
etkilesiminde 1se toplam nematod yogunlugu ve
ureme orami acgisindan N, N+F, N+2F ve F+2N
uygulamalar1  arasinda  istatistiki  bir  fark
bulunamamistir (P>0.05). YLVC24 popiilasyonu ile F.

Cizelge 3. Fusarium culmorum ve Pratylenchus thornei

yogunlugu ve lireme orani

culmorum arasinda pozitif ya da negatif bir etkilesim
belirlenememistir. N, N+F ve N+2F uygulamalarinda
en yiiksek toplam nematod yogunlugu ve tireme orani
SK24 populasyonunda belirlenirken, en dusik
YLVC24 popiilasyonunda saptanmistir. F+2N
uygulamasinda ise toplam nematod yogunlugu ve
iireme orani acisindan SK11 (6.3) ve YLVC24 (6.8)
popiilasyonlar: arasinda istatistiki olarak bir farklilik
bulunamamigtir (P>0.05) ve SK24 popiilasyonundan
(7.9) daha diisiik toplam nematod yogunlugu ve
iireme oranina sahip oldugu tespit edilmistir (Cizelge
3).

popiilasyonlar1 etkilesiminde toplam nematod

Table 8. Final nematode density and reproduction rate in the interaction of Fusarium culmorum and

Pratylenchus thornei populations

Toplam nematod yogunlugu
(Ortalama=+Standart hata)?
Final nematode density (Mean+Standart error)?

Ureme oran
(Ortalama+Standart hata)?
Reproduction rate (Mean+Standart error)2

Pratylenchus thornei poplilasyonlari
Pratylenchus thornei populations

Uygulamalar! SK11 SK24 YLVC24 SK11 SK24 YLVC24
Treatments’!

N 8856.0+141.02 8 10436.0+446.8>A 6694.0+131.02 € 8.8+0.12B 10.4+0.4bA 6.6+0.12C
F - - - - - -

N+F 8872.0+223.4 2B 12240.0+£331.024 6402.0+£348.1 2 € 8.8+0.2aB 12.2+0.3 aA 6.3+0.32C
N+2F 8088.0+90.4 1 B 11672.0+£389.32b A 6488.0+124.0 € 8.0+0.0PB 11.6+0.3 abA 6.4+0.12C
F+2N 6359.6+266.1 ¢B 7924.0+£270.6 cA 6855.6+£114.5 2B 6.3+0.2¢B 7.9+0.2 A 6.8+0.12B
K - - - - - -

1K: Nematod ve fungus uygulanmamig kontrol bitki, N: Sadece nematod uygulanmig bitki, F: Sadece fungus uygulanmig
bitki, N+F: Ayni anda nematod ve fungus uygulanmig bitki, N+2F: Nematod uygulamasindan 2 hafta sonra fungus
uygulanmis bitki, F+2N: Fungus uygulamasindan 2 hafta sonra nematod uygulanmis bitki

2Kuc¢tk harfler aym sttunda ortalamalar arasindaki farkliliklari, buyik harfler aym satirda ortalamalar arasindaki

farkliliklar: gostermektedir (P<0.05).

Bugdayda F. culmorum ile yurutiillen denemelerde
SK24 popiilasyonunun SK11 ve YLVC24
popilasyonlarindan daha iy1 gelistigi belirlenmisgtir.
Bugday Dbitkisinde ik olarak F. culmorum
enfeksiyonu  gerceklestiginde SK11 ve SK24
populasyonlarinda yogunluklarinda azalma
gorilirken, YLVC24 popiilasyonunda negatif bir etki
belirlenmemigtir. Nematod penetrasyonunu
engelleyecek diizeyde fungus kitlesinin bulunmasi ya
da nematodun beslenmek igin segecegi yerleri
fungusun istila etmesi, nematod yogunlugunun
azalmasina neden olabilir (Mokbel ve ark., 2007).
SK11 ve SK24 popiilasyonlar1 ile yurutilen
denemelerde en disik nematod yogunlugu F
culmorum inokulasyonundan iki hafta sonra P
thornel uygulamasinda saptanmigtir. Hoseini ve ark.
(2010) cay bitkisinde F proliferatum
inokulasyonundan iki hafta sonra P loosi
uygulamasinda en diigik nematod yogunlugunu
saptamiglardir. Saadabi ve Yassin (2007) pamuk
bitkisinde P. sudanensis ve F. oxysporum f.sp.
vasinfectum ile yuruttikleri ¢alismada, toprak ve
kokteki toplam nematod yogunlugunu sadece P.
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sudanensis uygulamasinda en yluksek bulurken, diger
es zamanli uygulama ve fungustan 7 gin Once
nematod uygulamasinda nematod yogunlugunun
distigini belirlerken en fazla distsin gorildigu
uygulama nematod infeksiyonundan 7 gin Once
fungus uygulamasinda tespit edilmistir. Goze
Ozdemir ve ark. (2022) Ikizce bugday cesidinde P.
thornei ve F. culmorum'un es zamanh ve ardisik
inokulasyonlarini sadece nematod inokulasyonu ile
kargilagtirdiginda son nematod yogunlugunun ve
ureme oraninin 6nemli 6lctide azaldigim
saptamiglardir. Ayni ¢alismada bugdayda N+ F
uygulamasinda P. neglectus yogunlugunun olumlu
yonde etkilendigi bildirilirken, F. culmoruni’un o6nce
ya da sonra uygulamalarinda P. neglectus tizerinde
olumsuz etki tespit edilmigtir.

Calismada en ylksek tireme oranina sahip SK24
popiilasyonunda ise bugdayda es zamanl inokulasyon
ve nematod enfeksiyonundan sonra F. culmorum
uygulamasinda (N+2F) yalniz nematod
uygulamasindan daha yiksek poptlasyon yogunlugu
tespit edilmistir. Ancak koklerde artan nematod
enfeksiyonuna karsin hastalik siddetinin artmadig:
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saptanmigtir. SK24 P. thornei popllasyonu ile F.
culmorum arasindaki etkilesimde nematodun olumlu

etkilendigi  belirlenmistir.  Farkli  arastiricilar
nematod penetrasyonunun, fungal patojen
enzimlerinin koklerde olugsmasiyla arttigini

belirtmektedirler (Edmund ve Mai, 1966a, 1966b,
1967; Nord-Meyer ve Sikora, 1983). Al-Hazmi ve ark.
(2016) yesil fasulyede Macrophomina phaseolina ve
Meloidogyne javanica ile yurittikleri calismada es
zamanli uygulamalarin yapildigi zamanin ve bitki
yasinin hastalik siddeti ve nematod yogunlugunda
onemli oldugunu bildirmektedirler. Rotenberg ve ark.
(2004) Russet Burbank patates koklerinde
inokulasyondan 16 giin sonra yalmiz P. penetrans
uygulamasinda nematod yogunlugunu 65 birey 3 g-1
yas kok olarak saptarken, es zamanli P. penetrans ve
Verticillium  dahliae  uygulamasinda  nematod
yogunlugunu 76 birey 3 g-1 yas kok olarak tespit
etmislerdir. Hoseini ve ark. (2010), cay bitkisinde
Rhizoctania solani 1ile P. loosi es zamanh
mnokulasyonlarinda kokteki nematod yogunlugunu
yalmiz P. Joosi inokulasyonundan daha fazla
bulmustur. Es zamanh P. penetrans ve F. culmorum
inokulasyonu Ikizce bugday cesidinde son nematod
yogunlugunu pozitif etkilemistir (Goéze Ozdemir ve
ark., 2022).

En disik tUreme orani belirlenen YLVC24
popllasyonu ile yuriitilen denemelerde uygulamalar
arasinda nematod yogunlugunda bir degisim
belirlenememigstir. Ancak F, N+F, N+2F ve F+2N
uygulamalarinda hastalik siddeti degerleri SK11 ve
SK24 poptlasyonlari ile ayni bulunmustur. Fusarium
culmorum ile P. thornei  etkilesimlerinde
populasyonlarin  patojenitesinin  6nemli  oldugu
gorulmektedir. Diger popilasyonlardan daha dusuk
ireme oran1 olan YLVC24 popilasyonu ile F.
culmorum arasinda bir etkilesim belirlenememistir.
Hafez ve ark. (1999) P. neglectus Ontorio, Kanada
populasyonunun Verticillium dahliae ile sinerjistik
iliski halinde oldugunu, P. neglectus Parma, Idaho
popilasyonunun ise V. dahlia€yi tetiklemedigini ve
verimi azaltmadigini tespit etmigler ve bu farklihigin
Idaho popiilasyonunun tureme glcunin Ontoria
popllasyonundan diisiik olmasindan kaynaklandigini
belirtmiglerdir. Farkli popiilasyon yogunluklarinin
konuk¢u Dbitkilerinin biiyime ve verimine olan
etkileri baglangictaki nematod yogunluguna, tirine,
bitkinin duyarliligina, nematodun treme glclne,
nem ve nematodlarla etkilesime girebilecek diger
patojen organizmalarin varligr gibi kogullara baglhidir
(Barker ve Olthof, 1976; Seinhorst, 1998; Charegani
ve ark., 2012).

Fusarium culmorum'un bugdayda neden oldugu
hastalik giddetinde uygulamalar ve P.
popllasyonlar: arasinda bir farklilik bulunamamastir.
Bu durum kullanilan F. culmorum B4 izolatinin
yiksek patojenitesinden kaynaklanmis olabilir.

thornei
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Dustik patojeniteli farkh bir . culmorum izolat1 yada
B4 izolat1 daha disik yogunlukta kullanilacaginda
sonuglar farkli elde edilebilir. Cliinki ¢ogu calismada
nematod varliginda funguslarin daha iyi gelistigi ve
hastalik siddetinin arttig1 belirtilmektedir (Inagaki
ve Powell, 1969; Jin ve ark., 1991; LaMondia, 2003;
Mallaiah ve ark., 2014).

SONUC ve ONERILER

Pratylenchus thornei Tirkiye ve dinya bugday
alanlarinda yaygin bulunan koék yara nematodu
turadur. Genis yayilimina karsin bugdayda P. thornei
popiilasyonlar: arasindaki intraspesifik farkliliklar ve
etkilegimleri ile ilgili az sayida ¢alisma mevcuttur. Bu
calisma bugdayda P. thorner popilasyonlarinin
patojenite farkhiliginin F.  culmorum hastalik
etkilesimlerinde 6nemli Dbir faktér oldugunu
gostermektedir. Calismanin diger bir sonucu da
nematod-fungus etkilesimlerinde P. thorner
popiilasyon yogunlugunun F. culmorum'un bitkiyi
enfekte ettigi doneme gore degistigini gostermistir. P.
thornei popllasyonlarinin patojenitelerine goére F.
culmorum ile kurulan etkilesim degismigstir.
Bugdayda duisiik patojenite gosteren popiilasyon ile Z.
culmorum  arasinda  herhangi bir etkilesim
belirlenemezken, daha ylksek patojenite gosteren
popiilasyonda nematod-fungus arasinda sinerjistik
etkilesim belirlenmigtir. Bugday tarlalarinda F.
culmorum ile yapilan micadelenin P. thornei
poptilasyon yogunlugunu etkileyecegi de
gorilmektedir. Ekonomik anlamda bugday
yetigtirilen alanlarda farkli cografik alanlardan
alinan popilasyonlarin patojeniteleri
degerlendirilmeli ve patojenitesi ylksek olan
populasyonlarin dominant oldugu bugday
tarlalarinda hem fungus hem nematod miicadelesi
uygun yonetim stratejileri degerlendirilerek
yapilmalidir.

Aragtirmacilari Katk: Orani1 Beyan Ozeti

Calismay1 Fatma Gill GOZE OZDEMIR ve Serife
Evrim ARICI tasarlamistir. Fatma Gil GOZE
OZDEMIR laboratuvar ve iklim odasinda ¢alismalari
yiiriitmistir. Ibrahim Halil ELEKCIOGLU ve Serife
Evrim ARICI makalenin yazimina katki saglamigtar.
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ABSTRACT

In this study, the entomopathogenic fungi; Beauveria bassiana,
Isaria fumosorosea and Metarhizium anisopliae were evaluated
against fourth nymphs and adults of the green shield bug, P
prasina. The experiment was conducted both under field and
laboratory conditions. Isolates included six Beauveria bassiana, one
Metarhizium anisopliae and one Isaria fumosorosea. Isolates were
bioassayed against nymphs and adults in both under field and
laboratory conditions. Four replications of the bioassays were
analyzed and evaluated daily for 14 days. LTs0 and LTes values for
the experimented isolates ranged from 4.19 to 7.11 days and from
6.68 to 11.30 days, respectively in laboratory for nymphs, ranged
from 4.98 to 7.18 days and from 8.03 to 12.22 days, respectively in
laboratory for adults. LTs0 and LTes values for the experimented
isolates ranged from 6.69 to 10.70 days and from 10.29 to 17.91 days,
respectively in field for nymphs, ranged from 7.29 to 10.70 days and
from 11.23 to 17.91 days, respectively in field for adults. It was
obvious that BB1/21b (Beauveria bassiana) was the most virulent on
adults of P. prasina. As a result, while the effect of the isolates used
in the study was high due to controlled conditions in the laboratory,
it was low in field conditions.
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Entomopatojenik funguslars; Beauveria bassiana, Isaria fumosorosea ve Metarhizium anisopliaénin

Palomena prasina L. (Heteroptera: Pentatomidae) ¥a karg1 etkileri

OZET

Bu calismada Beauveria bassiana’min alt1 farklh 1rky), Isaria
(Paecilomyces) fumosorosea ve Metarhizium anisopliae izolatlarinin
birer irki Palomena prasina L. (Heteroptera: Pentatomidae)nin nimf
ve erginlerine kars1 laboratuvar (25+1 °C, % 70 nem ve 16:8 h (gs1kl:
karanlik) ve arazi kosullarinda biyolojik etkinlik denemeleri
yapilmigstir. Ayrica bazi izolatlarin laboratuvar sartlarinda ZP.
prasingnmin  yumurtalar uzerine etkinligi  belirlenmisgtir.
Laboratuvar c¢aligmalarinda izolatlarin 1x10% konidi/mL spor
yogunlugu, 5er adet ergin ve nimf kullamilmig ve calisma 4
tekerriirli olarak yuriutilmustir. Calisma 14 giin boyunca takip
edilerek yiizde 6lim oranlari, LTso ve LT9s degerleri belirlenmistir.
Calisma sonucunda P. prasinanmin nimflerine kars1 laboratuvar
sartlarinda kullanilan izolatlarin LTs0 ve LTos degerlerine
bakildiginda sirasiyla; 4.19 - 7.11 giin ile 6.68 - 11.30 giin arasinda
bulunmugtur. Erginlerde ise LTs0 ve LT9o5 degerlerine bakildiginda
sirasiyla; 4.98 - 7.18 giin ve 8.03- 12.22 giin arasinda belirlenmigtir.
Arazi sartlarinda ise nimflere karsi yapilan ¢alismada izolatlarin
LTs0 ve LTys degerlerine bakildiginda sirasiyla; 6.69 - 10.70 giin ve
10.29 -17.91 gilin olarak belirlenmistir. Erginlerde ise LT50 ve LTos
degerler1 7.29 10.70 gun ve 11.23 - 17.91 gun arasinda
degismektedir. Yapilan c¢alismada kullanilan tim izolatlarin 2.
prasina ergin ve nimflerine karsi arazi sartlarindaki etkinligi

Bitki Koruma
Aragtirma Makalesi

Makale Tarihgesi
Gelig Tarihi  :17.05.2021
Kabul Tarihi :29.09.2021

Anahtar Kelimeler
Palomena prasina
Yesil Kokarca

Findik

Entomopatojen fungus
Biyolojik Miicadele



KSU Tarim ve Doga Derg 25 (5): 1051-1060, 2022
KSU J. Agric Nat 25 (5): 1051-1060, 2022

Aragtirma Makalesi
Research Article

labaoratuvar sartlarina nazaran daha dusiik olmustur. Sonug olarak

calismada kullanilan tim

izolatlarin P. prasinain ergin ve

nimflerine kars1 biyolojik miicadele de kullanilma potansiyeli sahip

oldugu ortaya konulmustur.
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INTRODUCTION

Hazelnut is one of the most important Turkish export
products with 2, 3  billion US dollars
yearlyApproximately 70% of the world's hazelnuts are
grown in Turkey especially in the Black Sea region
and some areas of Marmara which are equal to nearly
700.000 ha. Almost 400.000 families earn their living
from hazelnut cultivation (Erper et al., 2016;
Anonymous, 2019a, Anonymous, 2019b). There are
many insect pests attacking hazelnut orchards that
affect hazelnut production as well as quality in
Turkey. The one of the most crucial is the
Pentatomidae family, which was not well understood
to reduce the quality of hazelnut seed by the farmers
(Tavella et al, 2001, Tuncer et al, 2004). The most
vital member of the Pentatomidae family is
Palomena  prasina  (Hemiptera: Heteroptera:
Pentatomidae) which is widely spread in Turkey’s
hazelnut orchards (Tuncer et al, 2005). On average,
spotted kernel damage caused by P. prasina in Italy
was 1.3-4.0 % and in Turkey 9.58% (Tavella et al,
2001; Saruhan and Tuncer, 2010).

This pest insect stays for almost five months in the
hazelnut orchard causing a high economic loss
nowadays, some chemicals have been used to control
P. prasina. However, there is a need to develop
alternative methods to cope with P. prasina due to the
known side effects of pesticides used in hazelnut
orchards. Biological control using entomopathogenic
fungi is an alternative method instead of using
chemicals pesticides. Entomopathogenic fungi (EPF)
are common natural enemies of arthropods. Hence,
they are attracting attention worldwide as potential
biological control agents. There are more than 700
species of entomopathogens in the fungal kingdom
(Roy et al, 2006; Sandhu et al, 2012). Fungal
entomopathogens such as Beauveria bassiana
(Balsamo)  Vuillemin, Metarhizium  anisopliae
(Metschnikof) Sorokin, Isaria farinosa (Holm: Fries),
Lecanicillium spp. and Simplicillium spp. play an
important role in regulating insect populations (Shah
and Pell 2003, Zimmermann 2008, Gurulingappa et
al, 2011).

Beauveria bassiana has wide host range of hosts
including hemipteran species (Gouli et al., 2011). Due
to its environmentally friendly nature, bio-persistence
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and ability to kill pests at various developmental
stages in their life cycle, the use of B. bassiana 1is a
great importance in Integrated Pest Management
(IPM) programs is of great importance (Kumar and
Sultana, 2017). The spores of B. bassiana attach to
the insect’s cuticle, they germinate, the hyphae
penetrate the insect’s body, and proliferate. The
insects die after about 3—5 days and infected cadavers
may serve as a source of spores for secondary spread
of the fungus. Entomopathogenic fungi especially
insects with stinging sucking mouth structure used in
the fight against cuticle and beetles by infecting
agents. Entomopathogenic most of the fungi are
Metarhizium, Beauveria, Trichoderma, Verticillium,
Nomuraea, It belongs to the genus Entomophtora and
Neozygite and is effective on many insect species
(Deshpande, 1999). Beauveria bassiana and
Metarhizium many harmful effects of Anisopalia
entomopathogens used in biological control against
insect species reported and their commercial
preparations developed and released to the market
(Wraight et al., 2001; Copping, 2004).

The aim of this study was to determine the
pathogenicity of six isolates of B. bassiana (BB 1/23,
BB1/216, B kiir 1/3a, B kiir 1/b, BCE9 and BB 1/a),
one isolate of I. fumosorosea (TR78-3), and one isolate
M. anisopliae (TR-106) against fourth instar nymphs,
adults and eggs of P. prasina L. under laboratory and
field conditions.

MATERIALS and METHODS
Insect culture (adults)

The adults of P. prasina were collected from different
hazelnuts orchards by beating-sheet method during
april and may in Samsun province. Then, they have
transferred to the insects were conserved in climate
chamber for egg-laying. The eggs were surface
disinfected by immersion in ethyl alcohol (70%) for 45
seconds. So fourth instar nymphs and adults were
used. The insects were maintained in a climate
chamber at 25+1°C, 70+5% Relative Humidity, and
16:8 hours light: dark photoperiods. After the pest
was adapted to the laboratory condition, the insect
culture was fed with fresh bean pods (Sirik 97)
(Phaseolus vulgaris L.) and food was renewed daily.
They developed into nymphs and adults.
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Fungal Cultures

(The EPFs) Metarhizium anisopliae (TR-106) and
Isaria (Paecilomyces) fumosorosea (TR-78-3), and
Beauveria bassiana (BB1/23, BB1/216, B kiir 1/3a, B
kiir 1/b, BB 1/a, BCE9) used in the study were
obtained from the stock cultures of Mycology
Laboratories of, Ondokuz Mayis University and
Ankara University. The eight isolates of EPF (Table
1) were incubated on potato dextrose agar (PDA;
Merck Ltd., Darmstadt, Germany) at 25 = 1 °C for 10—

14 days. Conidia were harvested by sterile distilled
water, containing 0.02% Tween 20. Then, conidia
suspensions were filtered through four layers of
sterile cheesecloth to remove mycelium, and conidia
were counted under an Olympus CX-31 compound
microscope (Olympus America Inc.,, Lake Success,
NY), using a Neubauer hemocytometer to calibrate a
suspension of 1 X 108 conidia mL-! of each isolate
(Erper et al. 2016).

Table 1. Isolates of entomopathogenic fungi used in this study.
Tablol. Calismada kullanilan entomopatojen funguslarin detaylari

Isolates Isol-ate . Host Location of collection
denomination

Metarhizium anisopliae TR-106 Xylosandrus germanus Samsun province, Turkey
Isaria fumosorosea TR-78-3 Hyphantria cunea Samsun province, Turkey
Beauveria bassiana BB 1/23 FEurygaster integriceps Ankara province, Turkey
Beauveria bassiana BB 1/216 FEurygaster integriceps Ankara province, Turkey
Beauveria bassiana B Kiir 1/3a FEurygaster integriceps Ankara province, Turkey
Beauveria bassiana B Kiir 1/b Furygaster integriceps Ankara province, Turkey
Beauveria bassiana BCE -9 Furygaster integriceps Ankara province, Turkey
Beauveria bassiana BB 1/a Furygaster integriceps Ankara province, Turkey

Conidial germination assessment

The viability of conidia of the eight isolates belonging
to B. bassiana, I fumosorosea, M. anisopliae was
determined. A conidial suspension (200 pl) of each
isolate at (1 x 104 conidia ml-!) obtained by dilution
was sprayed onto Petri plates (9-cm dia.), containing
PDA (Merck Ltd., Darmstadt, Germany). These plates
were incubated at 25 + 1 °C. After 24 h of incubation,
the percentage of germinated conidia was counted,
using an Olympus CX-31 compound microscope at X
400 magnification. Conidia were regarded as
germinated, when they produced a germ tube, at least
half of the conidial length. The germination ratios for
each isolate were calculated after examining a
minimum of 200 conidia from each of the three
replicate plates (Saruhan et al. 2015).

Experimental design

This study used the nymphs and adults of P. prasina
that were cultured in the laboratory in advance.
During the experiments, 1 L plastic embedded cups
were used. Bottoms of the cups were embedded with
filter papers moisturized by sterile-distilled water.
Holes were pierced into the cover of cups to allow
aeration. Five nymphs and 5 adults of P. prasina were
placed on plastic cups. onidial suspensions (1x108
conidia mL'1) of the entomopathogenic fungi were
applied to the nymphs and adults of P. prasina (5 mL
per cup) using a Potter spray tower (Burkard,
Rickmansworth, Hertz UK). Only sterile-distilled
water was sprayed to control the plastic cups. The
nymphs and adults were fed with fresh (Sirik 97)
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been and renewed daily. After supplying the feed to
the nymphs and the adults, the plastic cups were
closed and incubated at 25 + 1°C, 75 + 5% RH, and
16:8 hours light: dark photoperiod for 14 days in a
Binder incubator (Model KBWF 240; Germany). The
above culture was observed daily. The trials were
observed for 14 days and during this period after the
dead individual numbers were recorded and the
cadavers were removed. The laboratory bioassay for
eggs was conducted to examine effects of isolates on
egg mortality. The conidial suspensions (1x108 conidia
mL1) (2 mL per Petri dish) were applied to P.
prasina’s eggs. For each isolates two egg mass were
treated.

The eggs of P. prasina taking from the field culture
were washed with sterile distilled water and two eggs
of 28 pieces (28x2=56) eggs masses were placed on
bottoms of Petri dishes cup cover with filter paper.

Field experiments

The hazelnut orchards were selected and cheesecloth
cages (30 x 75 cm) were attached to each branch
(Cages are attached to branches with fruit for feeding
insects). Ten nymphs and the ten adults/replicate
were put into separate cages. Then conidial
suspensions (1x108 conidia mL1) were sprayed into
those bags. Then conidial suspensions (1x108 conidia
mL1) were sprayed into those cages. However, only
sterile distilled water was sprayed to the control
cages. It was carried out in four repetitions according
to the coincidence blocks trial design.

The above cultures were observed for 14 days, and
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during this period we recorded the dead ones on days
of 1, 3, 5, 7 and 14.

Dead individuals on which the fungal sporulation was

observed, were counted under a Leica EZ4
educational stereomicroscope at 40-70X
magnification. Evidence of B  bassiana, I

fumosorosea and M. anisopliae on nymph and adult

cadavers was verified by microscopic inspection (
Meng,2017).

The biological efficiency values were obtained by
using Abbott’s formula.

Statistical analysis

The death rate was calculated by dividing the dead
insects by the initial number of insects. The mortality
data were corrected with Abbott’s formula (Abbott,
1925). Serial-time mortality data from bioassays were

examined by probit analysis, also, SPSS software
(SPSS Inc., Chicago, Illinois, USA, Version 21) was

used to calculate 50% lethal time (LTs0) and 95%
lethal time (L'Tgs).

RESULT and DISSCUSSION

All fungi evaluated in this study were -effective
against the nymphs and the adults of P. prasina in
the laboratory. More than 85% of the P. prasina
nymph died at the end of 14th days. Beauveria
bassiana B kir 1/b, BB1/a, BB1/21b and Bkiirl/3a
isolates caused complete (100%) mortality on the
nymphs at the end of the 14th days. On the other
hand, M. anisopliae TR-106, B. bassiana BB1/23, and
I fumosorosea TR-78-3 showed 95, 90 and 85%
mortality at the same application period, respectively
(Figure 1). Statistical analysis of the efficacy rate was
found to be significant. Under laboratory conditions,
over 60% mortality rate for all the adults of P.
prasina was achieved at the end of the 14th day
(Table 2).
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Figure 1. Effect of entomopathogenic fungi on 4t instar nymphs of Palomena prasina (% mortality rate) on

laboratory conditions

Sekil 1. Laboratuvar kosullarinda Palomena prasina 4. donem nimflerine entomopatojen funguslarin etkisi

Table 2. LT50 and LT95 values of Entomopathogenic fungi against 4th instar nymphs of Palomena prasina for

laboratory condition

Tablo 2. Laboratuar kosullarinda Palomena prasina 4. donem nimfleri igin entomopatojen funguslarin LT5 ) and

L T95 degerleri
Isolates LT50 (95% fiducial limits for days) LT95 (95% fiducial limits for days)
BCE -9 5.26 (3.72-6.89) 11.30 (8.91-18.30)
BB 1/23 5.14 (4.04-6.24) 9.47 (7.94-12.82)
BB1/a 4.59 (3.82-5.33) 8.25 (7.17-10.19)
BB1/216 4.19 (2.83-5.54) 6.68 (5.38-11.03)
Bkiir 1/3a 4.93 (3.63-6.30) 8.75 (7.12-13.06)
TR - 106 4.50 (2.44-6.30) 8.63 (6.68-15.72)
TR-78-3 7.11 (6.85-7.37) 9.61 (9.16-10.21)
Bkiir 1/b 3.58 (2.76-4.31) 7.15 (6.11-9.05)
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Figure 2 show that the isolates of B kiir 1/b was 100%
efficient, while the isolates of Bkiir1/3a, TR-106, BCE-
9, TR-78-3, BB 1/a, BB1/216, and BB 1/23; 80%,75%,
70%, 70% 65%, 65%, and 60% mortality, respectively
at the end of the 14th day.

It was obvious that BB1/216 was the fastest killer of
P. prasina. Under laboratory conditions, over 60%
death rate for all the adults of P prasina was
achieved at the end of the 14th day (Table 3).
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Figure 2. Effect of entomopathogenic fungi on adults of Palomena prasina (% mortality rate) on laboratory

conditions (P>0.05)

Sekil 2. Laboratuvar kosullarinda Palomena prasina erginlerine entomopatojen funguslarin etkisi

Table 3. Entomopathogenic fungal isolates against adults of Palomena prasina LT50 and LT95 values 14 days

post- treatment on laboratory conditions.

Tablo 3. Laboratuvar kogsullarinda Palomena prasina erginlerine entomopatojen funguslarin uygulanmasiyla 14

giin sonanda]ﬂ'LTm and LT95 degerleri

Isolates LT, (95% fiducial limits for days) LT, (95% fiducial limits for days)
BCE -9 6.02(3.52-10.33) 12.22(8.88-36.99)

BB 1/23 6.39(5.26-7.82) 11.44(9.44-16.38)

BBl/a 6.15(4.79-7.94) 11.37(9.11-18.04)

BB1/216 4.98(2.32-7.30) 9.48(7.21-20.82)

Bkiir 1/3a 5.35(4.41-6.29) 9.26(7.93-11.92)

TR — 106 5.07(3.65-6.41) 8.03(7.39-13.44)

TR-78-3 7.18(6.53-7.95) 10.58(9.44-12.78)

Bkiir 1/b 5.30(3.66-7.03) 8.91(7.14-15.33)

In a similar study with P. prasina, Erper et al. (2016)
found that Lecanicilium musacarium and B. bassiana
gave 98% and 95% mortality, respectively. Many
studies claimed that M. anisopliae and B. bassiana
were effective against Coleoptera species at different
life stages (Prazak, 1991; Gindin et al, 2006; Castrillo
et al, 2011; Ansari and Butt, 2012; Hirsch and
Reineke, 2014; Carrillo et al, 2015; Tuncer et al,
2016; Kushiyev et al, 2017; Liu et al, 2017). Gindin
et al. (2006) studied under laboratory conditions and
discovered 85% death rate for adults of the
Rhynchophorus ferrugineus Olivier that were sprayed
with 1X108 spore mL! of M. anisopliae Ru isolates.
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Another study found that M. anisopliae and B.
bassiana were effective on adults of Hylobius abietis
L. which is known as the most dangerous pests in the
forest, especially M. anisopliae ARSEF4556 isolate
was entirely efficient (%100 mortality) on the death
rate of pest at the 12th day (Ansari and Butt, 2012).
Concentrations of 1x106 and 1x10% from J[Isaria
farinosa (Holm.) and B. bassiana (Balsamo) Vuillemin
(Sordariomycetes: Hypocreales) were tested against
Aelia rostrata Boh. (Hemiptera: Pentatomidae) and
1x108 of I farinosa was observed as efficient giving
mortality rate of 70% on the 12th day whereas 1x108
of B. bassiana (Balsamo) Vuillemin (Sordariomycetes:
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Hypocreales) was found to be 100% efficient on the
9th day (Mustu et al. 2011).

Gouli et al. (2012) declared that three isolates of B.
bassiana and two isolates of M. anispoliae were tested
against Halyomorpha halys and were found to be 85%

that B. bassiana had more efficacy than M.
anisopliae. Goettel et al. (2005) postulated that
entomopathogenic fungi could survive in different
environmental conditions. Even though the isolates of
B kir 1/6b, BCE-9, BB1/216, Bkirl/3a, and TR-78-3

and 100% effective on the 9% and 12t day were efficient in the laboratory, under the field
respectively. Moreover, Gouli et al, (2012) claimed conditions they had a lower efficiency (Figure 3).
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Figure 3. Effect of entomopathogenic fungi on 4th instar nymphs of Palomena prasina (% mortality rate) on field

conditions. (P>0.05)

Sekil 8. Tarla kosullarinda Palomena prasinanin 4. donem nimflerine entomopatojen funguslarin etkisi

Under field conditions, at the lethal time values, for
the isolates of the fungi sprayed against the nymphs
of P. prasina were as follows: LTes5 values were 10.29
days for BB1/a, 10.57 days for Bkiirl/3a, 11.14 days
for BB 1/23, 11.92 days for BCE-9, 12.39 days BB
1/216, 13.06 days for B kir 1/b, 17.91 days for BB
1/216, and for TR-78-3 (Table 4).

According to Figure 4, at the end of the 14th day in the

field conditions, the efficiency of the fungi Bkiirl/3a,
BB 1/a, B kur 1/b, BB1/216, BB 1/23, BCE-9, TR-78-3
and TR-106 against the adults of P. prasina was 75,
70, 60, 60, 60, 50, 45, and 30%, respectively. Even
though the isolates B kiir 1/b was (100%) more
efficient in the laboratory, than under the field
conditions which decreased to reach only 50%.

Table 4. Entomopathogenic fungal isolates against 4th instar nymphs of Palomena prasina LT5 o and LT95 values

14 days post- treatment on field conditions.
Tablo 4. Tarla kosullarinda

Palomena prasinanin 4. Doénem nimflerine entomopatojen funguslarin

uygulanmasiyla 14 giin sonundaki LT50 and LT% degerleri

Isolates LT50 (95% fiducial limits for days) LT95 (95% fiducial limits for days)
BCE -9 7.77(6.51-10.29) 11.92(9.71-20.76)

BB 1/23 7.74(7.41-8.11) 11.14(10.44-12.11)

BB1/a 6.69(5.58-8.04) 10.29(9.34-16.53)

BB1/216 7.95(6.85-10.01) 12.39(10.24-19.06)

Bkiir 1/3a 7.02(5.94-8.38) 10.57(8.97-15.11)

TR — 106 10.70(Unable) 17.91(Unable)

TR-78-3 10.70(Unable) 17.91(Unable)

Bkiir 1/b 8.09(6.19-18.54) 13.06(9.77-53.85)
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Figure 4. Effect of entomopathogenic fungi on adults Palomena prasina (% mortality rate) on field conditions
Sekil 4. Arazi kosullarinda Palomena prasina’nin erginlerine entomopatojen funguslarin etkisi

Under field conditions, at the lethal time values, in
table 5, for isolates of fungi sprayed against the adult
of P. prasina were as mentioned below LTgs values
were 11.23 days for Bkurl/3a, 11.94 days for BB1/a,
11.95 days for BB1/23, 14.23 days for B kiir 1/b, 14.89
days for BCE-9, 17.91 days for BB1/216, TR-78-3 and
TR-106.

When the entomopathogenic fungi were sprayed on
the eggs of P. prasina the egg hatchability was 6, 40
and 75% for Beaveria bassiana Bkur 1/b, BB1/216

and BB 1/a, respectively (Table 6). Samuels et al
(2002) reported that egg hatching fluctuated
between7.8%-43.3% when six different B. bassiana
isolates applied against Blissus antillus (Hemiptera:
Lygaeidae) at 5x106 conidia/mL. As a result of the
application of different entomopathogenic fungi
isolates against Nezara viridula eggs, the egg
hatching ranged from 0 to 63.33% (Permadi et al,
2020).

Table 5. Entomopathogenic fungal isolates against adults of Palomena prasina LT50 and LT95 values 14 days

post- treatment on field conditions.

Tablo 5. Tarla kosullarinda Palomena prasinanin erginlerine entomopatojen funguslarin uygulanmasiyla 14

gun sonundaki LT, and LT, degerleri

Isolates LT,, (95% fiducial limits for days) LT, (95% fiducial limits for days)
BCE -9 9.21(7.22-31.42) 14.89(10.78-85.77)

BB 1/23 8.07(7.27-9.33) 11.95(10.34-15.78)

BB1/a 7.29(4.94-16.19) 11.94(8.95-55.81)

BB1/21 10.70(Unable) 17.91(Unable)

Bkiir 1/3a 7.37(6.43-8.67) 11.23(9.59-15.39)

TR - 106 10.70(Unable) 17.91(Unable)

TR-78-3 10.70(Unable) 17.91(Unable)

Bkiir 1/b 9.01(7.23-20.71) 14.23(10.62-51.34)

Table 6. Effects of entomopatogenic fungi isolates on Palomena prasina eggs hatchability.
Tablo 6. Entomopatojen funguslarin Palomena prasina yumurta agilimina etkisi

Days ( % hatchability rate)

Isolates 1 3 7 14
BB 1/a 0 0 60 75 b*
B kir 1/b 0 0 6 6d
BB1/21 0 0 35 40 ¢
Control 0 0 75 100 a

*Within columns, means followed by the same small letter do not differ significantly
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In a study, B. bassiana, M. anisopliae isolates against
Orosanga japonica (Melichar, 1898) (Hemiptera:
Ricaniidae) were used both in the laboratory and in
field conditions. As a result of the study, B. bassiana
isolate was effective against the nymphs and adults of
the pest at a rate of 74% and 18.5% in the laboratory,
respectively, while it was 50.5% and 11% in field
conditions. In the same study, M. anisopliae isolate
was effective against the nymphs and adults of the
pest 80% and 59.5% in laboratory. But this ratios
were, 36% and 20% in field conditions, respectively
(Goktiirk, 2020). The effects of the isolates used in
the study on adults were found to be lower than
nymphs both in laboratory and field conditions. M.
brunneum 1solate was wused against Dichelops
furcatus (Hemiptera: Pentatomidae) and it was stated
that nymphs are more sensitive than adults (Romero
et al.2020). In another study, it was determined that
nymphs of Halyomorpha halys were more susceptible
than their adults to some entomopathogenic fungi
(Pike, 2014).

CONCLUSIONS

When considering the strategies with in which
entomopathogenic fungi can be used in biological
control, it is sometimes difficult to apply. But
biological control (entomopatogenic fungi used to
insects) is very important. It is possible to use the
tested entomopathogenic fungi as potential biocontrol
agents against P. prasina in quite large hazelnut
plantations of Turkey, rather than using detrimental
chemical pesticides. It is virulence that biocontrol
fungi (especially BB1/a, BCE-9 and TR-106 for
nymphs, BB1/23 and BBl/a for adults) to field
conditions for P. prasina. These results show that this
isolates could constitute a viable biological control
agent for P. prasina.
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OZET

Bu c¢alismada, yerel bir diatom topragi olan BGN-1'in, ergin Alman
hamambéceklerine (Blatella gemanica (L)) kars1 beton, seramik ve
parke ylzeyler tizerindeki 6limcil etkileri arastirilmigstir. Bu g
farkli yluizey uzerinde, B. germanica erginlerii 6 giin boyunca 2.5, 5,
10 ve 20 g/m? dozlarda BGN-1 kodlu diatom topragina maruz
birakildi. Tim ytizey uygulamalarinda BGN-1 diatom topragi maruz
kalma stresi ve diatom dozlarinin, B. germanica erginlerinin 6lim
oranlarinda 6nemli etkiye neden oldugu gériulmustir. BGN-1 diatom
topragr 2.5 g/m? dozunda tim uygulama yuzeylerinde en dusiik
bocek 6lim etkisine sahip oldugu gorilmustiur. 2.5 g/m2 BGN-1 dozu
beton ylizeyde 6 giin sonra % 100 B. germanica ergin 6liimiine neden
olurken ve seramik ve parke yilizeyde dordiincii ginin sonunda %
100 o6luime neden olmustur. Diger yandan, 5 ve 10 g/m2 BGN-1
dozlar1 ikineci giniin sonunda tim ytizeylerde % 100 B. germanica
6limiine neden olurken, en yiiksek 20 g/m2? BGN-1 dozu uygulanan
tum yuzeylerde ilk giin sonunda%100 B. germanica 6limine neden
olmustur. Genel olarak, BGN-1 diatom topraginin B. germanica
erginlerine karsi 6lum aktivitesinin her ti¢ yiizeyde de benzer oldugu
tespit edilmistir. Bu ¢alismanin sonunda, BGN-1 kodlu Tiirk diatom
topraginin, medikal bir zararh olan B. germanica ile mucadelede iyi
bir alternatif olabilecegi ortaya ¢ikmigtar.
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Mortality Effects of Turkish Diatomaceous Earth Coded BGN-1 Against German Cockroach (Blatella

germanica) Adults

ABSTRACT

In this study, the mortality effects of BGN-1, a local diatomaceous
earth, on concrete, ceramic parquet surfaces against adult German
cockroaches (Blatella gemanica (L.) were investigated. B.
germanica adults were exposed to BGN-1 coded diatom soil at 2.5, 5,
10 and 20 g/m?2 doses on these three different surfaces for 6 days. In
all surface applications of BGN-1 diatom soil, exposure time and
diatom doses were found to have a significant effect on mortality
rates of B. germanica adults. It was observed that BGN-1
diatomaceous earth at a dose of 2.5 g/m2 had the lowest insect
mortality effect on all application surfaces. While 2.5 g/m2 BGN-1
dose caused 100% mortality of B. germanica adult on concrete
surface after 6 days, it caused 100% mortality at the end of the
fourth day on ceramic and parquet surfaces. On the other hand, 5
and 10 g/m2 BGN-1 doses caused 100% B. germanica mortality on all
surfaces at the end of the second day, while the highest 20 g/m?
BGN-1 dose caused 100% B. germanica mortality at the end of the
first day on all applied surfaces It was determined that the mortality
activity of BGN-1 diatomaceous earth against B. germanica adults
was similar on all three surfaces. At the end of this study, it was
revealed that Turkish diatom earth with the code BGN-1 can be a
good alternative in the control against a medical pest, B. germanica.
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GIRIS baslarina kadar uzanmaktadir (Zacher ve Kunike,

Alman hamambocekleri, insanlarla ortak yasam
alaninda diinyada yaygin olarak bulunan bir bécek
olup sicak ve nemli yerlerde, genellikle ev, restoran,
firin, hastane gibi tUretimin yapildig1 yerlerde
hayatin1  insanlarla  paylasan  bir  canhdir.
Hamambocekleri bir yerden digerine c¢ok kiigiik
acikliklardan gecgebildigi gibi, uzun mesafelerde
paketlenmis patates ve sogan gibi igcecek kutulari,
konserve yiyecekler, diger yiyecek paketleri ve elbise
kivrimlar: ile de gegebilirler. Hamambocekleri, yasam
alanlarmm1 dinyadaki insanlarla paylagsmalar1 ve
kolera, veba ve cocuk felci gibi hastaliklara vektorlitk
yapmalart nedeniyle Dblyik o6nem tasimaktadir
(Burgess ve ark., 1973; Cetin ve ark., 1973). Ayrica
hamambocekleri  alerjik  reaksiyonlara  neden
olabilecegi  gibi  vektéor olarak astim1  da
tetikleyebilmektedir (Waldvogel ve ark., 1999). Alman
hamambocekleri yasam dongulerini bu sekilde
stirdirirken, insanlarla ortak yasam alanlarinin
paylasilmasi nedeni ile tzerlerinde tukurik, digk: ve
yumurta birakmasi sonucunda gida zehirlenmelerinin
cogunda aktif rol alabilmektedir. Hareket ettikleri
yerlerde kotii kokular birakirlar. Bu nedenle
hamambocekleri hem tibbi hem de ekonomik agidan
zararhdir (Roberts, 1996).

Evlerde ve turetim alanlarinda zararli boéceklerin
miicadelesinde genellikle sentetik insektisitler
kullanilmaktadir. Tarih boyunca, klorlu hidrokarbon
bilesikleri (dichloro diphenyl trichloroethane, DDT
gibi), organofosfat  bilegikleri (chlorpyriphos,
malathion, parathion gibi), piretroid bilesenleri
(alphamethrin, cypermethrin, deltamethrin gibi) ve
karbamat bilesenleri (aldicarbaryl gibi)
hamambdécekleri  ile miicadelel etmek  igin
kullanilmigtar. Hamambdocekleriyle miicadele
kapsaminda bahsedilen insektisitlerin hem cevreye
ve insan sagligina hem de faydali eklembacaklilara
zarar1 gibi cok cesitli etkileri ve zararhh bdéceklerin
ilaglara kars1 diren¢ mekanizmasinin gelismesine
neden olmasi gibi bir ¢ok negatif etkisi
bulunmaktadir (Mansouri ve ark.,, 2004). Bu
baglamda, hamambdiceklerine karg1 yaygin olarak
kullanilan bu insektisitlere karsi direng
gelistirmiglerdir (Rust ve Reierson, 1991; Dong ve
ark., 1998; Jialin ve ark., 2007). Hamambéceklerini
kontrol altina almak igin kullanilan bu pestisitlerin
tim bu olumsuzluklar: nedeniyle, bu zararliy1 kontrol
etmenin yeni yollar1 aranmaktadir.

Diatom topraklari ile ilgili ilk ¢galisma verileri 1930'un
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1931). Diatom topraklar: temel olarak organiktir ve
tium su ekosistemlerinde yasamis olan fosillesmis
silisli alg kabuklarindan olusan bir tortudur. Alglerin
hiicre duvarlar1 amorf silisten (SiO2 + H20)
olusmaktadir. Son zamanlarda yapilan ¢alismalarla
diatom topraklarinin depolanmig iriin zararhilarina
karsi 6nemli oOlgiide etkili oldugu ortaya c¢ikmigtir
(Wakil ve Shabbir, 2005; Athanassiou ve ark., 2007;
Alkan ve ark., 2019). Diatom topraklari muhtemelen
boécek ilaci olarak kullanilabilen dogal tozlar arasinda
en etkili olanidir. Diatom topraklarmnin bocekler

uzerindeki olduricti etkisi kimyasaldan ziyade
fiziksel bir micadele yontemi olarak kabul
edilmektedir. Bu fiziksel miucadelede diatom
topraklar1 boécek kiitikiilas1 lizerinde yaralanma

seklinde bir etkiye sahiptir ve bocegin dehidrasyonu
sonucu olimle sonuclanir (Ebeling, 1971). Diatom
topraklarinin su emme 6zelliginin yani sira yag emme
ozelligi de bulunmaktadir. Bu nedenle bécek
kutikilasindaki koruyucu mum tabakasi tizerinde
¢ok etkilidir. Sonug¢ olarak, boceklerde 6lim, su kaybi
ve kurumanin bir sonucu olarak gergeklesmektedir
(Burgess, 1978; Cloarec ve ark., 1992). Diatom
topraklarinin insektisidal etkinligi, kullanilan test
kosullarina, diatomun tiiriine (deniz veya tatll su
diatomlary), alindig1 cografi alana, formiilasyon
islemine, yag emme Kkapasitesine ve Diatom
topraklarinin  kimyasal/mekanik modifikasyonuna
baghh olarak 6nemli olclide degismektedir (Tarshis,
1959; Patourel and Zhou, 1990; Quarles, 1992; Faulde
ve ark., 2006). Diatom topraklar1 tamamen organik,
cevreye zararsiz olmasi, suda yasayan hayvanlar,
kuglar, memeliler ve tim yaban hayati i¢in disiik
toksisiteye sahiptir. Bu nedenle, bu ¢alismada, Tirk
yerel diatom topragi (BGN-1), sentetik bécek
ilaclarina karsi direng gelistiren ve hala direng
gelistirme potansiyeli olan Alman hamambdéceginin
(B. germanica (L.)) erginlerine kars1 6liim etkisi test
edilmigtir.

MATERYAL ve METOD
Boécek

Testlerde kullanilan Blatella germanica erginleri 60
litrelik plastik  kovalarda yetistirilmis ve oda
sicakliginda tutulmustur. B. germanica (L.) 'min dogal
yasam habitatina uygun olsun diye plastik kovalara
yumurta kaplar1 yerlestirilmistir. Boceklerin su ve
besin ihtiyacim1i karsilamak ig¢in pamuk tipali cam
tuplerle su, kuru képek mamasi yetistirme kovalarina
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eklenmistir. Biyolojik testler icin B. germanica (L.)
'nmin ergin bireyleri kullanilmigtir.

Biyolojik Testlerde Kullanilan Yiizeyler
Parke Yiizey

Calismada neme karsi dayanikli (High Density
Fiberboard, HDF) ve en 717 E-1 standartlarina gére
uretilmis olan 8x195x1200 mm boyutlarindaki
laminant parkeler, 100x100 mm boyutlarinda
kugultilip  c¢alismada  kullanilacak  boyutlara
getirilmigtir.

Seramik Yiizey

Calisma stliresince kullanilmig olan seramik yuzeyler
kil, kaolin, kuvars, feldspat ve kalker maddelerinin
karisimindan, TS202 standartlar: geregince
150x150x5.5 mm boyutlarinda tiretilmis olan seramik
yuzeyler 100x100 mm Dboyutlarinda kucultilip
calisma boyutlari elde edilmistir.

Beton Yiizey

Calisma stiresince kullanilmis olan beton yilizeyler
200 g ¢cimento + 50 mL su kullanilarak elde edilmis
olan harcin, plastik kutular (100x100x60 mm)
icerisine dokilip kurutulmasi ile elde edilmistir.

Biyolojik Testlerde Kullanilan Tiirk Yerel Diatomu

Bu calismada Kayseri bolgesinden alinan  BGN-1
kodlu  yerel diatom  kullanmilmigtir.  Diatom
rezervinden en az 5 kg numune alinmigtir. Kaya
formunda laboratuvara getirilen diatom numunesi
dogal bir sekilde hazirlanmigtir. Diatom numunesinin
dogal olarak hazirlanmasi i¢in, nem igerigi% 3-5
olana kadar kontrollii havalandirmali bir firinda 100
+ 10 °C'de 2 saat kurutulmustur. Kurutulduktan
sonra kuciuk parcgalar laboratuvar degirmeninde en
yiksek hizda 10 saniye ogutiilerek elde edilmigtir.
Tim numuneler daha sonra 149 pum'lik standart bir
elek icinden elenerek ve elek altinda kalan nemli,
yumusak kiicuk parcalar, havalandirmali bir firinda
40 °C'de 24 saat kurutulmustur. Boylece partikiil
boyutu 149 mikron veya daha az olan dogal diatomlu
toprak elde edilmistir ve testlerde kullanilmistir.

Biyolojik Testler

Biyolojik testler 25+1 °C ve % 65+5 nispi neme sahip
iklim odasinda yiritilmistiir. Deneme siiresince
béceklere su ve yem verilmemis olup, bocekler diatom
topraginin 2.5, 5, 10 ve 20 g/m? dozlarina maruz
birakilmiglardir. Doz denemeleri i¢in hassas terazi
yardimiyla tartilmig olan diatom topragi beton,
seramik ve parke ylzeyler tizerine birakilmigtir.
Diatom topraklarinin yiizeyler Uzerine dagilmasi
saglandiktan sonra laboratuvar ortaminda kiultire
almis oldugumuz B. germanicad ya ait yeni ergin
olmus bireylerden onar adet birakilmigtir. Denemeler
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dort tekerrurli olarak her tekerrirde 10 ergin olacak
sekilde yuratilmistir. Kontrol dunitesi de dort
tekerriirli olarak kurulmus olup herhangi bir
uygulama yapilmamigtir. Doz denemeleri
kurulduktan sonra, test tniteleri biyolojik testlerin
yapildig1 iklim odasi igerisine alinmigtir ve alt1 giin
boyunca o6lii-canli sayimlar1 yapilmigtir. Zaman
denemeleri i¢in ise doz denemeleri siiresince en
yiksek % olim goriillen doz degeri sabit tutularak 6,
9, 12, 18, 24 saatlik denemeler ayri1 birer uygulama
olarak kurulmustur dolayisiyla her bir maruz kalma
sliresi i¢in ayri ayri kontrol tniteleri kurulmustur.
Zaman denemeleri de yine dort tekerriirli ve her
tekerriirde 10 ergin  birey olacak sekilde
yurutilmustur.

Verilerin Degerlendirilmesi ve Istatistiksel Analizi

Yapilan uygulamalarda B. germanica’ nin ergin
dénemlerine karsi BGN-1 kodlu yerel diatom farkl
yuzeyler lizerinde ve farkli dozlarda biyolojik testler
yuritilmis olup, deneme sonuglar1 i¢in EXCEL
tablolar1 olusturulmustur. Biyolojik denemelerde
kullanilmis olan her bir ylizey i¢in B. germanica nin
6lim oranlar1 (%) hesaplanmigtir. Olim oranlar
Arcsin transformasyonuna tabi tutulduktan sonra
verilere tek yonlii varyans analizi (ANOVA) (SPSS,
2015) uygulanmistir. Ortalamalar arasindaki
farklihiklar % 5 O6nem seviyesinde Duncan testi ile
belirlenmigtir (SPSS, 2015). Tki farkh yerel diatom
topraginin etkisinin belirlendigi deneme sonucundaki
olum oranlari  Abbott'un formuli kullanilarak
duizeltildikten sonra istatistiki analizler yapilmigtir.

BULGULAR ve TARTISMA

Beton Yiizey Uzerinde BGN-1 Kodlu Yerel Diatomun
Farkh Dozlar}na Maruz Birakilan Blatella germanica
Erginlerinin Oliim Oranlar

BGN -1 kodlu yerel diatom topraginin beton ylzey
iizerinde doért farklh dozuna (2.5, 5, 10 ve 20 g/m?2) alt1
giin sureyle maruz birakilan B. germanica
erginlerinin 6lum oranlar1 Cizelge 1’ de verilmistir.
Cizelge 1 incelendiginde BGN -1 kodlu yerel diatom
topraginin bir giin maruz kalma siiresi igerisinde doz
degeri arttikga B. germanica erginlerinin 6lim orani
da buna paralel olarak arttig1 gorilmektedir. Bir
giinliikk maruz birakma sonunda istatistiki olarak 20
g/m? dozunda B. germanica erginlerinin 6lim orani
%100 olarak belirlenmig olmasina ragmen 10 g/m?2
dozundaki 6lim oranmi ile istatistiki olarak aym
grupta yer almigtir. Tim doz degerleri igin ancak
altinc1 giin sonunda B. germanica erginlerinin 6lim
oranlarinin %100 ulastigr tespit edilmistir. B.
germanica erginlerinin BGN-1’ in 2.5 g/m? dozunun
bir, iki, ¢ ve dort giin maruz kalmasi sonucunda
distik diizeyde boécek 6lim oranina sebep oldugu ve
bu maruz kalma slrelerinin istatistiki olarak
birbirinden farksiz oldugu altinci giin sonunda ise bu
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doz degeri i¢in B. germanica 6lum oraninin %100’e
ulastigr tespit edilmigtir. BGN-1’ in 5 g/m? dozu igin
B. germanica 6lim orani ikinci giinden itibaren %100’
e ulastig1 tespit edilmistir. BGN-1" in 10 g/m? dozu
i¢in ise B. germanica erginleri izerindeki etkinliginin
tim maruz kalma siirelerinde istatistiki olarak

birbirine benzer oldugu ancak ikinci giinden itibaren
B. germanica 6lim oranin %100’e ulastigr tespit
edilmistir. Hamambdécegi erginlerinin BGN-1" in 20
g/m? dozuna bir giin maruz kalmasi sonucunda bile B.
germanica 6lim orani %100’ e ulagmigtir.

Cizelge 1 Beton yilizey lizerinde BGN-1 kodlu yerel diatom topraginin farkli dozlarina alt1 giin stireyle maruz
birakilan Blatella germanica erginlerinin 6lim orani
Table 1 Mortality rate of Blatella germanica adults exposed to different doses of local diatom earth coded

BGN-1 for six days on concrete surface

Doz (g/m?) | Oliim Oram (%)*+S.Hata F ve P Degeri*
1. giin 2. glin 3. giin 4. glin 5. giin 6.glin
2.5 0+0Cc 2.5+2.5Ch 7.89+4.5Cb | 10.52+6.4Cb | 55.26+2.63Bb 100+0Aa | F5,15=54.6 P<0.0001
5 87.5+2.5Bb 100+0Aa 100+0Aa 100+0Aa 100+0Aa 100+0Aa | F5,:18=101.4 P<0.0001
10 97.5+2.5Aa 100+0Aa 100+0Aa 100+0Aa 100+0Aa 100+0Aa | F5,15=1.0 P=0.446
20 100+0Aa 100+0Aa 100+0Aa 100+0Aa 100+0Aa 100+0Aa | -
Kontrol 0+0 0+0 5+5 5+5 5+5 5+5
FveP F312=274.8 F312=343.2 | F312=134.1 | F3,12=91.7 F312=769.7 -
Degeri* P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001

*Verilere ¢ift yonli varyans analizi (ANOVA) uygulanmigtir ve %5 6nem seviyesinde Duncan testine gére ortalamalar arasindaki
farklhiliklar belirlenmistir. Ayni satirdaki farkh biiyiik ve ayn siitundaki farkh kiiciik harfler istatistiki olarak birbirinden farklidir, (n=4).

Parke Yiizey Uzerinde BGN-1 Kodlu Yerel Diatomun
Farkh Dozlarina Maruz Birakilan Blatella germanica
Erginlerinin Oliim Oranlar

BGN -1 kodlu yerel diatom topraginin parke ylzey
tizerinde dort farkli dozuna (2.5, 5, 10 ve 20 g/m?2) alt1
glin streyle maruz birakilan B, germanica
erginlerinin 6lim oranlar1 Cizelge 2’ de verilmistir.
Beton yuzeye benzer sekilde parke ytizeyde de BGN -
1 kodlu yerel diatom topraginin bir giin maruz kalma
stresi igerisinde doz degeri arttikga B. Germanica
erginlerinin 6liim orani da buna paralel olarak arttig:
goriilmektedir (Cizelge 2.). Fakat yapilan istatistiki
analiz sonucunda birinci giin igin BGN-1’ in 5 ve 10
g/m? dozlarinin etkileri istatistiki olarak benzer
bulunmustur ve ikinci giinden itibaren bu dozlarda B.
Germanica 6lim oranlar1 %100’ e ulagmistir. Nitekim

yine BGN-1’ in 20 g/m? dozunda 6lim orani %100’ e
ulagmis olsa da; 10 ve 20 g/m?2 dozlarin B. Germanica
erginlerini o6ldirme oranlarinin istatistiki olarak
benzer oldugu tespit edilmistir. Cizelge 2 yatay olarak
incelendiginde parke ylizeyde BGN-1’ in en disik
doz degeri olan 2.5 g/m? icin B. germanica
erginlerinin 6liim orani birinci giin sonunda en dusik
iken ancak dordinct ginden itibaren bu oranin
%100 e wulastigi tespit edilmigtir. BGN-1’ in en
yiiksek doz degeri olan 20 g/m2 haric tiim dozlar (2.5,
5 ve 10 g/m?) icin maruz kalma siiresi artikca B.
germanica erginlerinin 6lim oraninin da arttig: tespit
edilmigtir. BGN-1" in 5 ve 10 g/m2? dozlarinin B.
germanica erginlerinin Olimundeki etkinligi ikinci
glinden itibaren %100 olarak bulunmustur. BGN-1’ in
20 g/m? dozu ise birinci gun sonunda %100 B.
germanica 6lim oranina ulagmagtir.

Cizelge 2 Parke yiizey lUzerinde BGN-1 kodlu yerel diatom topraginin farkli dozlarina alti1 giin siireyle maruz
birakilan Blatella germanica erginlerinin 6lim orani
Table 2 Mortality rate of Blatella germanica adults exposed to different doses of local diatom earth coded BGN-

1 for six days on parquet surface

Doz Oliim Oramni (%)*+S.Hata F ve P Degeri*
(g/m?)
1. giin 2. glin 3. glin 4. glin 5. glin 6.glin

2.5 35+13.22 Cc | 77.5+7.5 Bb 97.5+2.5 Aa 100+0 Aa 100+0 Aa 100+0 Aa F5,18=25.3 P<0.0001
5 67.5+2.5 Bb 100+0 Aa 100+0 Aa 100+0 Aa 100+0 Aa 100+0 Aa F5,18=531.9 P<0.0001
10 85+9.5 Bab 100+0 Aa 100+0 Aa 100+0 Aa 100+0 Aa 100+0 Aa F5,18=2.79 P<0.05
20 100+0 Aa 100+0 Aa 100+0 Aa 100+0 Aa 100+0 Aa 100+0 Aa -
Kontrol 0+0 0+0 0+0 0+0 0+0 0+0
FveP F312=13.1 F312=26.7 F312=1.0 - - -
Degeri* P<0.0001 P<0.0001 P=0.426

*Verilere ¢ift yonlii varyans analizi (ANOVA) uygulanmistir ve %5 6nem seviyesinde Duncan testine gore ortalamalar arasindaki farkliliklar
belirlenmistir. Ayni satirdaki farkh biiyiik ve aym siitundaki farkh kiigiik harfler istatistiki olarak birbirinden farklhidir, (n=4).

1064



KSU Tarim ve Doga Derg 25 (5): 1061-1067, 2022
KSU J. Agric Nat 25 (5): 1061-1067, 2022

Aragtirma Makalesi
Research Article

Seramik Yiizey Uzerinde BGN-1 Kodlu Yerel
Diatomun Farkh Dozlarina Maruz Birakilan Blatella
germanica Erginlerinin Oliim Oranlar:

BGN -1 kodlu yerel diatom toraginin seramik ylizey
tizerinde dort farkli dozuna 2.5, 5, 10, 20 g/m?2 alt1 giin
stireyle maruz birakilan B. germanica erginlerinin
olum oranlar1 Cizelge 3 te verilmigtir.Cizelge 3
incelendiginde bir glinliik maruz kalma siiresi i¢in en
distik B. germanica 6lim oraninin BGN-1"in 2.5 g/m?
dozuna ait oldugu tespit edilmistir. Bir giin maruz
kalma suresi icerisinde doz degeri arttikca B.
germanica Olim orami da buna paralel olarak
artmaktadir. Fakat yapilan istatistiki analiz
sonucunda birinci giin i¢in BGN-1" in 5 ve 10 g/m?
dozlarinin  etkileri  istatistiki  olarak  benzer
bulunmugtur. BGN-1" in 20 g/m? dozunda B.
germanica 6lim oran1 %100’ e ulagmis olsa da 10 g/m?
dozunun etkisiyle istatistiki olarak benzer oldugu

tespit edilmistir. Ikinci giinden itibaren BGN-1’ in 2.5
g/m? dozu hari¢c tiim dozlarda (5 ve 10 g/m2? ) B.
germanica 6lim orani %100" e ulasmigtir. BGN-1" in
2.5 g/m? dozu i¢in B. germanica 6lim orani dérdinci
glin itibariyle %100’ e ulagmastir.

Cizelge 3 yatay olarak incelendiginde seramik BGN-1’
in en disik doz degeri olan 2.5g/m? i¢in ise B.
germanica 6lim orani birinci giin sonunda en disik
iken ancak dérdiinci giinden itibaren %100’ e ulagtig:
tespit edilmistir. BGN-1’ in en yliksek doz degeri olan
20g/m?2 hari¢ tiim dozlar (2.5, 5, 10 g/m?) i¢cin maruz
kalma suresi artikca B. germanica 6lum oraninin da
arttigr tespit edilmigstir. BGN-1’ in 5 ve 10 g/m?2
dozlarinin B. germanica 6lum etkinligi ikinci giinden
itibaren %100 olarak bulunmugstur. BGN-1" in 20g/m?
dozu ise birinci giin sonunda %100 B. germanica 61im
oranina ulagmigtir.

Cizelge 3 Seramik yiizey Uzerinde BGN-1 kodlu yerel diatom topraginin farkli dozlarina alt1 giin siireyle maruz
birakilan Blatella germanica erginlerinin 6lim orani
Table 3 Mortality rate of Blatella germanica adults exposed to different doses of local diatom earth coded BGN-

1 for six days on ceramic surface

Doz Oliim Orani (%)*+S.Hata F ve P Degeri*
(g/m?)
1. giin 2. glin 3. giin 4. giin 5. giin 6.glin

2.5 10+5.77 Dc 25.6+6.4 Cb 76+9.7 Bb 100+0 Aa 100+0 Aa 100+0 Aa F5,18=56.7
P<0.0001

5 77.5+4.7 Bb 100+0 Aa 100+0 Aa 100+0 Aa 100+0 Aa 100+0 Aa F5,18=63.0
P<0.0001

10 92.5+2.5 Bab 100+0 Aa 100+0 Aa 100+0 Aa 100+0 Aa 100+0 Aa F5,18=9.0 P<0.0001

20 100+0 Aa 100+0 Aa 100+0 Aa 100+0 Aa 100+0 Aa 100+0 Aa -

Kontrol 2.5+2.5 2.5+2.5 2.5+2.5 5+2.8 5+2.8 5+2.8

FveP F3,19=48.3 F310=161.4 F3,19=18.5 - - -

Degeri* P<0.0001 P<0.0001 P<0.0001

*Verilere cift yonlii varyans analizi (ANOVA) uygulanmistir ve %5 6nem seviyesinde Duncan testine gore ortalamalar arasmdaki farklihiklar
belirlenmigtir. Ayni satirdaki farkh biiyiik ve aym siitundaki farkh kiigiik harfler istatistiki olarak birbirinden farklidir, (n=4).

Farkli Maruz Birakilma Siirelerinde ve Farkh
Yiizeylerde BGN-1 Kodlu Yerel Diatom Topraginin 20
g/m2 Doz Degerinin Blatella germanica Erginlerini
Oldiirme Etkisi

BGN-1 kodlu yerel diatom topragimin 20 g/m? dozuna
B. germanica erginleri beton, parke, seramik yuzeyler
tuzerinde swrasiyla 6, 9, 12, 18 ve 24 saat siiresince
maruz birakilmasi sonucu olugan o6lim oranlar
Cizelge 4 de verilmigtir. Cizelge 4 dikey olarak
incelendiginde B. germanica erginlerinin BGN-1
kodlu diatom topraginin 20 g/m2 dozuna ayri ayr1 6, 9,
12 saat stresince maruz birakilmasi sonucunda farkh
yuzeylerde elde edilen B. germanica 6lum oranlari
istatistiki olarak benzerdir. Fakat 18. saat sonunda
B. germanica o6lum oran1 beton ylzey i¢in %100
olarak belirlenmis ve istatistiksel olarak sirasiyla
%90 ve 92.5 6lum orani elde edilen parke ve seramik
yuzeyler arasinda istatistiki istatistiksel farklilik
belirlenmigtir. Yirmidort saatlik maruz kalmanin
ardindan olusan B. germanica 6lim oranlari tim
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yuzeyler icin %100 olarak elde edilmigtir.

Cizelge 4 yatay olarak incelendiginde tim ylzeyler
i¢cin maruz kalma stiresi arttikga B. germanica 6lim
oran1 da artmaktadir. Ek olarak beton yiizey igin
BGN-1 kodlu yerel diatom topraginin 20 g/m? dozuna
18 saat maruz kalmasi %100 B. germanica 6lim
oranina sebep olurken diger iki yiizey ancak 24 saat
sonunda %100 6liim oranina ulasabilmigtir.

Bu calismada, BGN-1 kodlu Tirk diatom topraginin
dort farklh dozunun B. germanica erginlerine karsi
olim etkisi, laboratuvar kosgullarinda ¢ farkh
uygulama yiizeyinde (beton, seramik, parke)
incelenmigtir. Literatiir taramasi1 kapsaminda, Tirk
diatom topragimin B. germanica erginlerine karsi
farklh yuzeylerdeki 6lim etkisi ilk kez bu ¢aligma ile
ortaya konulmustur. Diatom topragi memelilere kars:
toksik olmayan bir insektisit oldugundan, ev ve
depolanan urin zararlilarinin kontroliinde
kullanilmaktadir (Quarles, 1992). Hosseini ve ark.,
(2014), yaptiklar: calismada B. germanica erginleri ve
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nimfleri tUzerinde farklh boélge oryjinli  diatom
topraginin bocek 6ldiiricu etkisini test etmiglerdir.

Aragtiricilar bu diatom topragimin B. germanica
nimflerine kars1 24, 48, 72 saat sonunda 2.5, 5, 10, 15,
20 g/m? dozlarda 6lim oranmimin % 33.3 - % 81.1
oldugunu, gecikmis 6lim oranin % 72.2 oldugunu, 25
g/m? diatom dozu i¢in ise 6liim oranin % 66.7 - % 100
olarak bildirmiglerdir. Ayrica bu diatom topragi
¢esidinin tum dozlarimin B. germanica ergin erkek
bireyleri i¢in % 40 ile % 80 arasinda 6lim oranina
sahip oldugunu tespit etmiglerdir. Yapilan bu
calismalar gostermistir ki diatom topraginin
boceklere karsi etkisi genellikle uygulama dozu ve
uygulama siiresi artik¢a artmaktadir. Nitekim Shams
ve ark. (2011) laboratuvar kosullarinda Silicosec®
isimli ticari diatom preparatin 250, 323, 426, 562 ve
750 mg/kg dozlarimin bugday tzerinde S. granarius
erginlerine karsi etkinliklerini  belirlemislerdir.
Calisma sonucunda uygulama stresi ile farkli diatom
toprag1r dozlarimin S. granarius erginleri tlizerine
onemli etkiye sahip oldugunu bulmuglar ve
uygulamadaki diatom topraginin dozu ve bdécegin
maruz kalma siiresi arttikga 6lim oranin arttigini
gozlemlemiglerdir. Bu c¢alismalara benzer sekilde

uygulama dozu arttik¢a ergin Alman hamambdécekleri
6lim orani da buna paralel olarak artmaktadir. Bu
calisma da yurutilmias olan biyolojik testler
neticesinde uygulama ylzeylerinin diatom etkinligi
uzerine dolayisiyla test edilen tiirii 6ldiirme etkinligi
uzerinde genel olarak aralarinda pek bir fark tespit
edilmemigken, yerel diatomlarin uygulama yilizeyi
fark etmeksizin farkli etkinlige sahip oldugu tespit
edilmistir. BGN-1 kodlu yerel diatom toprag: ve g
farkli uygulama yiizeyi ile kurulmus olan biyolojik
testler sonucunda BGN-1 kodlu yerel diatom
topraginin 2.5 g/m? dozunda B. germanica erginlerini
o0ldirme etkinliginin disiik oldugu fakat maruz
kalma stiresi arttikga etkinliginin arttigi1 tespit
edilmistir. Bununla birlikte doz miktar1 ve maruz
kalma stiresi arttikga BGN-1 kodlu yerel diatomun
etkinliginin de arttigi belirlenmigtir. Bu tespitler
paralelinde BGN-1 kodlu yerel diatom topraginin 2.5
g/m? dozu beton ylizey lzerinde alt1 glin, parke ve
seramik yuzeyler Uzerinde dordiincii gin sonunda
%100 B. germanica ergin 6lim oranina ulagmig iken
20 g/m? dozu tiim uygulama yuzeyleri lizerinde birinci
giin sonunda %100 B. germanica ergin 6lim oranina
sahip olan en etkili doz degeri olarak belirlenmigtir.

Cizelge 4 BGN-1 kodlu yerel diatom topraginin 20 g/m2 dozunun beton, parke, seramik yilizeyler tzerinde
Blatella germanica erginlerini 6ldirme etkisi
Table 4 The mortality eftect of a 20 g/m? dose of local diatom earth coded BGN-1 on concrete, parquet, ceramic

surfaces against Blatella germanica adults

Uygulama Oliim Orani (%)*+S.Hata F ve P Degeri*
Yiizeyi
6 saat 9 Saat 12 Saat 18 Saat 24 Saat

Beton Yiizey 0+0 Da 55+2.8 Ca 92.5+2.5 Ba 100+£0 Aa 100+0 Aa F4,15=302.18 P<0.0001
Parke Yiizey 0+0Da 52.5+2.5 Ca 90+4.0 Ba 90+4.0 Bb 100+0 Aa F4,15=96.4 P<0.0001
Seramik Yiizey | 7.5+7.5 Da | 60+4.0 Ca 82.5+2.5 Ba 92.5+2.5 Bb 100+0 Aa F415=49.1 P<0.0001
Kontrol 0+0 0+0 0+0 0+0 0+0
FveP F29=1.00 Fao=1.41 Fo0=1.7 Fo9=4.2 -
Degeri* P=0.405 P=0.293 P=0.236 P<0.05

*Verilere ¢ift yonli

varyans analizi (ANOVA) uygulanmistir ve %5 6nem seviyesinde Duncan testine gore ortalamalar arasmdaki

farklhiliklar belirlenmistir. Ayni satirdaki farkh biiyiik ve ayn siitundaki farkh kiiciik harfler istatistiki olarak birbirinden farklidir, (n=4).

yapilan mevcut calismada da maruz kalma stresi ve

SONUC

Hamambdocekleri genellikle genis etki spektrumuna
sahip olan insektisitlere karsi diren¢ gelistirmistir.
Aymi  zamanda bu genis etki spektrumlu
instekisitlerin, memelilere hatta tim ekosisteme
zararli oldugu bilinmektedir. Son yillarda artmakta
olan g¢evresel biling ve farkindaligi ile dogada kolay
parcalanabilen veya tamamen organik olan
insektisitler alternatif miicadele yontemleri olarak
umit vadetmektedir. Bu sebeptendir ki gevreye ve
memeli sagligin1 tehdit etmeyen, ekolojik cevreye
zehirsiz olan diatom toprag: bu calisma ile ortaya
konmustur.

Tum bu sonuglar bu ¢alisma ile BGN-1 kodlu yerel
diatom topragimin B. germanica ergin miicadelesinde
kullanilabilme potansiyeline sahip oldugunu ve bu
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bbécegin  miicadelesinde kullanilan genis etki
spektrumuna sahip sentetik instektisitlere alternatif
olabilecegini goéstermigtir. Fakat diatom topragi
turlerinin Alman hamambdcegi dogal yasam kogullar:
altinda uygulanabilirligine ve dogal kogullarda
uygulandiginda hamambdécegi digindaki diger canh
etmenler ile etkilesimin belirlenmesine yonelik genis
kapsamli  bir g¢aligsma ile ortaya konmasi
gerekmektedir.

TESEKKUR

Bu calisma, ilk yazarin yiiksek lisans tezinin bir
bolimuddr.
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Aragtirmacilarin Katki Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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OZET Bitki Koruma

Kok-ur nematodlar1 polifag bir zararlh olup, 6zellikle Solanaceae

bitkilerinin uretiminde potansiyel bir tehdit olusturmaktadir. Bu Aragtirma Makalesi
nematodlar ile miicadelede basgarili olabilmek igin nematodlarin tir

ve 1rklarinin tanimlanmasinin  yanmi sira virdlentliginin de Makale Tarihgesi
belirlenmesi 6nemlidir. Bu c¢alismada, Gaziantep ve Osmaniye Gelig Tarihi  :22.09.2021
illerinin bulasik sebze alanlarinda bulunan Meloidogyne incognita, Kabul Tarihi :04.11.2021
M. javanica, M. arenaria ve M. luci popiilasyonlarinin dayanikl

(CLX 37574 F1) ve hassas (Falkon) domates cesitlerindeki Anahtar Kelimeler
reaksiyonunlarina bakilmis ve viriilentlik durumu incelenmigtir. Meloidogyne spp.,
Deneme tam kontrolli iklim odasi kogullarinda tesaduf parselleri Dayaniklilik,

deneme desenine gore 4 tekerrirlii olacak sekilde kurulmustur. Virilent

Calisma sonunda CLX 37574 F1 domates ¢esidi 38 kok-ur nematodu
popiilasyonuna karst dayanikli bulunmus @RI < %10) ve
populasyonlarin timu avirilent olarak belirlenmigtir.

Determination of Virulence of Some Meloidogyne spp. M. incognita (Kofoid and White, 1919)
Chitwood, 1949, M. javanica (Treub, 1885) Chitwood, 1949, M. arenaria (Neal, 1889) Chitwood, 1949
and M. luci (Carneiro et all. 2014)] Populations

ABSTRACT

Root-knot nematodes are polyphag pests and are a potential threat
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to particularly Solanaceae plants. In order to be successful in Research Article
managements of these nematodes, it 1s important to correctly

identify the species and the races of the nematodes and determine Article History

their virulence. In this study, the reaction of Meloidogyne incognita, Received $22.09.2021
M. javanica, M. arenaria and M. luci populations in the Accepted 104.11.2021
contaminated vegetable fields of Gaziantep and Osmaniye provinces

were determined in resistance (CLX 37574 F1) and sensitive Keywords

(Falkon) tomato varieties and their virulence status was Meloidogyne spp.,
investigated. The experiment was established under fully controlled Resistance,

climate room conditions as a randomized complete block design with Virulent

4 replications. Results of experiment indicated that CLX 37574 F1
tomato variety was resistant to 38 root-knot nematode population
(RI < 10%) and all populations were identified as avirulent.
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Bitki paraziti kék-ur nematodlar1 (Meloidogyne spp.)
ekonomik olarak 6nemli olup birgok triinde ciddi
kayiplara neden olmaktadir (Jones ve ark., 2013). Bu

nematodlarin bugiine kadar tanimlanan 100’den fazla
tiiri (Skantar ve ark., 2008; Hunt ve Handoo, 2009;
Moens ve ark., 2009) bulunmaktadir. Meloidogyne
turleri arasinda M. Iincognita, M. javanica ve M.
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arenarianmin en zararli tirler oldugu bildirilmistir
(Moens, 2009; Sun, 2014; Hallman ve Meressa, 2018).
Kok-ur nematodlarinin 3000’den fazla konukcusu
oldugu ve bu nematodlardan dolay1 Solanaceous
sebzelerinin dinya c¢apinda agir hasar gordigiu
bildirilmistir (Hunt ve Handoo, 2009; Barbary ve ark.,
2015). Konukcu bitkilerde nematod parazitliginden
dolay1 morfolojik ve biyokimyasal degisiklikler
meydana gelmekte, bu da bitkilerin anormal
biylmesine, besin eksikligi belirtilerine, koklerde
urlanma, solma, bodurluk, kiigiik meyve olusumu,
kloroz ve diger sekil bozukluklarina neden olmaktadir
(Moens ve ark. 2009; Santos ve ark., 2012).
Nematodlardan olusan zararin, tarimsal Uriinlerde
yillik olarak yaklagik 100 milyar dolarlik bir kayba
neden oldugu tahmin edilmektedir (Coyne ve ark.,
2018). Bitkilerdeki verim kaybinin siddeti; iiriin
¢esidi, kék-ur nematodu tiri, mevsimsel degisiklikler
ve Urin rotasyonu kullanimina baghh olarak
degismekte oldugu bildirilmistir (Wesemael ve ark.,
2011; Hamza ve ark., 2017). Kék-ur nematodlarinin
micadelesinde toprak solarizasyonu, dayanikl
cesitler, biyolojik ajanlar, organik bilesikler ve
kimyasallar kullanilmaktadir (Collange ve ark.,
2011). Kimyasallarin hedef olmayan organizmalar
uzerinde genis bir negatif etkisinin olmasindan dolay1
yasaklanmalar1 veya uygulamalarinin azaltilmasi
i¢in yeni yonergelerin ve diizenlemelerin
yapilmasinin gerekliligi bildirilmistir (Villaverde ve
ark., 2016; Huang ve ark., 2018). Toprak
solarizasyonu tek bagina kullanilabildigi gibi diger
miicadele yontemleriyle birlikte kullanilmasi, toprak
kaynakli patojenleri yonetmede etkili olabilmektedir
(Katan, 1996).

Diger yandan  koék-ur nematodlarina  karsi
micadelede dayanmikhlik genlerini tasiyan bitki
¢esitlerin kullaniminin uygun bir alternatif oldugu
(Hallmann ve ark., 2009; Williamson ve Roberts,
2009) ve entegre miicadele yénetimi programlarinda
onemli bir bilesen olarak birlikte kullanilabildigi
bildirilmistir (Khan ve ark., 2017; Mukhtar, 2018;
Rahoo ve ark., 2017, 2018a, b, 2019). Solanum
peruvianum L.den S. Iycopersicum L.ye basariyla
aktarilan Mi genini tasiyan dayanikli domates
cesitleri, M. incognita, M. arenaria ve M. javanicaya
kars1 dayanikli oldugu rapor edilmistir (Iberkleid ve
ark., 2014). Dayaniklh bir domates cesidindeki M7 1
geni ikinci dénem larvalarin koklere girmesini
engellemekte,  yumurta  sayisim1 = azaltmakta,
nematodun daha fazla gelisimini ve iireme oranini
azaltmaktadir (Wubie ve Temesgen, 2019). Bitki
dayaniklihiginin, kék-ur nematodlarina kars: etkili ve
karli bir kontrol yoéntemi oldugu belirtilmektedir
(Sorribas ve ark., 2005). Fakat dayamkl bitkilerin
dayamikliligimi stirdirebilmesi i¢in uygun bir sekilde
kullanilmas1 gerekmektedir (Djian-Caporalino ve
ark., 2011). Mi dayaniklilk geni tasiyan domates

melezlerinin yogun olarak kullanmimi Lycopersicon
turleri Uzerinde bitki savunma mekanizmalarinin
ustesinden gelebilen oldiracu nematod
popiilasyonlarinin ortaya c¢ikmasina neden oldugu
tespit edilmistir (Huang ve ark., 2004; Verdejo-Lucas
ve ark., 2009; Tzortzakakis ve ark., 2014; Gine ve
Sorribas, 2017; Exposito ve ark., 2019). Virilent
nematodlarin laboratuar kosullarinda dayanikliligi
kirdig1 gozlenmistir (Djian- Caporalino ve ark., 2011;
Jarquin-Barberena ve ark., 1991; Meher ve ark.,
2009). Arazi kosullarinda ise dayamikliligin daha
fazla kirildig tespit edilmistir (Verdejo-Lucas ve ark.,
2009). Dayanikli domates bitkisindeki Mi genini
kiran viriilent bir M. javanica popiilasyonunun
aviriilent olan populasyondan daha fazla tredigi ve
viriilent poplilasyonun hem dayanikli hem de hassas
domates ¢esitlerinin verimini %29 oraninda azalttigi
gortilmiistir (Ornat ve ark.,, 2001). Ayrica
dayaniklilik geninin 28 °C uzerindeki sicakliklarda
Meloidogyne tirlerine karsi dayanikliligi kirildig: gibi
(Dropkin, 1969; Roberts ve ark., 1990), baz
Meloidogyne tiirlerine karsi da (M. hapla, M.
chitwoodi, M. enterolobii ve M. exigua) dayamkhlik
gostermedigi bildirilmistir. Koék-ur nematodlarinin
viriilent popillasyonlarnt  bir¢ok ulkenin  sera
alanlarinda tespit edilmistir (Ornat ve ark., 2001; Xu
ve ark., 2001; Castagnone-Sereno, 2002; Karajeh ve
ark., 2005; Tzortzakakis ve ark., 2005). Akdeniz
Bolgesinde bulunan M. incognita ve M. javanica
izolatlarmmin Mi-1.2 genine karsi virilent oldugu
rapor edilmistir (Devran ve So6giit, 2010). Diger
taraftan, baz1 M. Juci popilasyonlarinin da
dayamkhiligr kirdigi tespit edilmistir (Aydinli ve
Mennan, 2019). Kok-ur nematodlarina kars
micadeledeki bagarmnin boyutu, lokal olarak olusan
nematod popiilasyonunun tir teghisinin yami sira
viriilentlik 6zelliklerinin belirlenmesine de bagh
oldugu bildirilmistir (Robertson, 2009).

Bu c¢alismada, Gaziantep ve Osmaniye illeri sebze
alanlarinda tespit edilen M. incognita, M. javanica,
M. arenaria ve M. luci nematod turlerinin baz
populasyonlarinin dayanikli ve hassas domates
gesitlerindeki reaksiyonlar1 ile bu popiilasyonlarin

virilentlik durumlarmnin belirlenmesi
amaclanmaktadir.

MATERYAL ve METOD

Materyal

Gaziantep, Osmaniye illeri sebze alanlarindan
toplanan ve Poliagrilamid jel elektroforez yontemi,
morfolojik  (perineal kesit) ve  morfometrik

karakterlere gore teshisi yapilan M. incognita, M.
javanica, M. arenaria ve M. Iuci tirlerinin toplam 38
popiilasyonu denemede kullanilmigtir. Ayni zamanda
kok-ur nematodlarina dayanmikli CLX 37574 F1
(Clause tohumculuk), hassas (Falkon, Bursa
tohumculuk) domates ve hassas biber (Sena)
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tohumlar1 kullanilmistar.

Metot
Kok-ur nematodu popiilasyonlarinin ¢ogaltilmasi

Saf kiiltiirden elde edilen Meloiodogyne incognita, M.
javanica, M. arenaria ve M. luci popilasyonlarinin
cogaltilmasi i¢in, 16 saat aydinlik, 8 saat karanlik,
25+2 °C sicaklik, %60+10 orantii nem iceren tam
kontrolli iklim odasi kogullarinda, %80 torf ve %20
perlit bulunan viyollere, hassas domates (Falkon) ve
biber (Sena) bitkisi tohumlarinin ekimi yapilmistir.
Fideler 3-4 yaprakli hale gelince 0.7 L’lik plastik
saksilara %20 torf ve otoklavda 120 °C’de steril
edilmis %80 kum doldurulmus ve fideler bu saksilara
sasirtilmigtir. Kok-ur nematodu popilasyonlarmin 3-
5 adet yumurta kiimesi, 14-15 cm boyundaki hassas
domates ve hassas biber bitkilerine verilmis ve her
bir nematod populasyonu i¢in saksilar
etiketlenmistir. M. javanica biber bitkisinde
cogalamadig: icin (Peixoto ve ark., 1995; Ozarslandan
ve Elekcioglu, 2003; Pinheiro ve ark., 2020) sadece
diger tiirlerin (M. incognita, M. arenaria ve M. Iluci)
cogaltilmasinda biber bitkisi kullanilmigtir. Hassas
biber bitkilerinde domates bitkisine gére nematodlar
daha ¢ok yumurta kiimesi olusturmaktadir. Nematod
inokulasyonundan sonra bitkilerin gerekli sulama ve
bakim islemleri 65 giin boyunca yapilmistir.

Dayanikli ve hassas domates fidelerinin yetistirilmesi

Virulentlik denemesi, tam kontrolli iklim odasinda
(2542 °C sicaklik ve %60+10 orantili nem kosullar) 4
tekerriurliu olacak sekilde tesaduf parselleri deneme
desenine goére kurulmustur. Koék-ur nematodlarina
kars1 dayanikl oldugu bilinen CLX 37574 F1 (Clause
tohumculuk) ve hassas Falkon (Bursa tohumculuk)
domates tohumlarinin ekimi, %80 torf, %20 perlit
karigsimi bulunan viyollere yapilmistir. Dayanikli ve
hassas domates fideleri 2-4 yaprakli doneme geldigi
zaman, otoklavda 120 °C’de steril edilmis %80 kum,
%20 torf bulunan 0.7 I'lik plastik saksilara
sasirtilmigtir. Beyaz sinege karsi bir kez ilaglama
(Effore/Acetamiprid) yapilmistir.

ikinci donem larvalarm elde edilmesi

Ko6k-ur nematodu popiilasyonlarinin larvalarini elde
etmek i¢in hassas bitkilerin kokleri topraktan
sokiulmigtir. Her bir popiilasyona ait kokler,
yumurta kiimelerine zarar verilmeden musluk suyu
altinda yikanmigtir. Kékler kurulandiktan sonra
stereo mikroskop altinda yumurta kiimeleri alinmis
ve modifiye Bearman Huni yo6ntemine gore
hazirlanan beher kaplar1 igerisine konulmustur.
Inkibator iginde 28 °C’de 2. dénem larvalarin suya
gecmesl i¢in 48 saat bekletilmigtir. Boylece
yumurtadan ¢ikan 2. dénem larvalarin ultra saf suya
gecmesl saglanmigtir. Daha sonra 1 ml sudaki 2.

dénem larvalar 5 kez sayilmig ve ortalamasi alinarak
1 ml’deki larva sayilar: belirlenmigtir.

Viriilentlik denemesi

Dayanikli ve hassas domates fideleri 14-15 cm boya
ulastiginda, 38 koék-ur nematodu popiilasyonunun 2.
dénem larvas: bitki bagina 1000 adet olacak sekilde
kok Dbolgesinin yakinina acgilan yaklagtk 2 cm
derinligindeki 4 oyuga inokule edilmistir. Deneme
boyunca bitkilerin gerekli sulama, giibreleme ve diger
bakimlari yapilmistir. Bitkilerin kokleri 65 giin sonra
sokllmiis ve musluk suyu altinda dikkatli bir sekilde
yikanmigtir. Yikanan kokler kirmizi gida boyah (1 g
toz boya/l 1 su) suyun icerisinde 5-10 dk
bekletilmigtir. Deneme sonunda dayanikli ve hassas
domates ¢esitleri Hartman ve Sasser, 1985in 0-5
yumurta kimesi-ur olusumu reaksiyon skalasina
gore degerlendirilmigtir. Bu indekse gore koklerde 0-2
skala degeri bulunan bitkiler dayamikli, 3-5 skala

degeri alan bitkiler ise hassas olarak
degerlendirilmistir (Cizelge 1). Ayrica, toprakta
bulunan ikinci dénem larva  yogunlugunun

belirlenmesi i¢in modifiye Baermann-huni yéntemine
(Hooper, 1986) gore her bir saks1 toprag1 incelenmis
ve bu oOrneklerden elde edilen larvalarin 1sik
mikroskobu altinda sayimlar: yapilmistir. Elde edilen
bulgulara varyans analizi uygulanmig ve ortalamalar
0.05 onem seviyesinde Duncan’in ¢oklu
karsilastirmali testi ile karsilagtirilmigtir. Elde edilen
sonuclar Rf (Cogalma faktéri) = Pf (Sonuc
popiilasyonu) / Pi (Baslangic popiilasyonu); RI (%):
Dayanikli cesitte Rf / hassas cesitte Rf x 100; RI<10
avirillent, %10<RI< %50 kismen virilent, RI>%50
viriilent gibi parametrelere gore degerlendirilmigtir
(Cortada ve ark., 2009).

BULGULAR ve TARTISMA

Osmaniye ili ve ilgelerinden alinan 25 kok-ur
nematodu popiilasyonunun avirilent oldugu tespit
edilmigtir. CLX 37574 F1 domates ¢esidindeki
dayanikliligi saglayan Mi geninin, 17 adet
Meloidogyne incognita, 2 adet M. javanica ve 2 adet
M. arenaria popllasyonlarina karsi dayamklhihk
gosterdigi gibi 4 adet M. luci populasyonuna kars: da
dayanikli oldugu goérilmustir. M. incognitamn 17
adet popiulasyonu 0-5 yumurta kiimesi reaksiyon
skalasina gore degerlendirildiginde dayanikli bitkide
en dislik 0.00£0.00 ve en yiiksek 2.00+0.00; hassas
bitkide en yiiksek 5.00+0.00, en diisiik ise 4.00+0.00
degerini aldigr gorulmustir. M. incognitamin tim
poptilasyonlarimin RI degeri %0.00 bulunmus ve
Osmaniye’de herhangi bir virilent M. incognita
popiilasyonuna rastlanmamigtir (Sekil 1). M.
javanicanin 2 adet popllasyonunun dayamkh ve
hassas bitkideki durumuna bakildiginda RI degerleri
%0.00 (38 P) ve %2.27 (62 D) bulunmustur. RI
degerleri %10’un altinda giktig1 i¢in M. javanicann
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Osmaniye populasyonlar1 avirilent olarak tespit
edilmigtir. M. javanica populasyonlar1 dayanikh
bitkide en diigik 0.50+0.28, en yuksek 2.25+0.25,
hassas bitkide ise en diisik 4.00+0.00, en ylksek
5.00+0.00 yumurta klimesi skala degerini almigtir. M.
arenarianin 2 adet popiilasyonu dayanikli bitkide en
disiik ve en yiiksek 0.00+0.00, hassas bitkide ise en
disik 4.50+0.28, en yiksek 5.00+0.00 yumurta
kiumesi skala degerini almigtir. M. arenarianin 2 adet
popiilasyonunun (16 P, 66 P) RI degeri %0.00 ¢ikmis

Research Article
ve avirilent oldugu tespit edilmistir. Denemede
kullanilan M.  Jfuc/inin 4 adet Osmaniye

poptilasyonunun dayanikli bitkideki skala degeri en
diusik 0.00+0.00 ve en yuksek 0.25+0.25; hassas
bitkideki skala degeri ise en yiiksek 5.00+0.00, en

distk 4.25+0.25 bulunmustur. M. luci
popiilasyonlarmmin (5 D, 13 D, 60 P ve 71 P) RI
degerleri  %0.00 bulunmug ve virilent Dbir

popiilasyona rastlanmamigtir (Cizelge 2).

b

Sekil 1. Aviriilent kék-ur nematodu popiilasyonu A) Dayanikl bitki, B) Hassas bitki
Figure 1. Avirulent root-knot nematode population A) Resistant plant B) Sensitive plant

Cizelge 1. Koklerdeki yumurta kiimesi ve ur olusumunun degerlendirildigi skala (Hartman ve Sasser, 1985)
Table 1. Galling and egg mass index used for root evaluations (Hartman ve Sasser, 1985)

Kokteki yumurta kiimesi-ur sayis1 Skala degeri Sonug
The number of egg clusters-galls in the root Scale value Result
Yumurta kiimesi ve ur olusumu yok 0 Dayanikl
1-2 yumurta kiimesi ve ur olusumu var 1 Dayanikl
3-10 yumurta klimesi ve ur olusumu var 2 Dayanikl
11-30 yumurta kiimesi ve ur olugsumu var 3 Hassas
31-100 yumurta kiimesi ve ur olusumu var 4 Hassas
101-iistii yumurta kiimesi ve ur olusumu var 5 Hassas

Gaziantep ili ve il¢elerinden alinan 10 adet M.
Incognita, 1 adet M. javanica ve 2 adet M.
arenariaddan olusan toplam 13 popilasyona
bakilmigtir. Tum Gaziantep populasyonlar1 CLX
37574 F1 domates ¢esidinde reaksiyon géstermeyerek
aviriilent olduklar:1 bulunmustur. M. incognitanin 10
adet poptilasyonu 0-5 skalasina gore dayanikh bitkide
en dusik 0.00+0.00, en yuksek 1.25+0.47; hassas
bitkide en diisik 4.00+0.00, en yiliksek ise 5.00+0.00
degerini aldig1 tespit edilmistir. Bu nematodun 10
popilasyonunun da RI degeri %0.00 bulunmus ve
Gaziantep’de herhangi virilent bir M. incognita
poplilasyonuna rastlanmamigstir. M. javanicanin 1
adet popilasyonunun dayanikli ve hassas bitkideki
reaksiyonu incelendiginde RI degeri %0.00 (96 D)
bulundugu i¢in aviriillent olarak tespit edilmigtir.
Gaziantep M. javanica popllasyonu hassas bitkide
4.00+0.00 skala (0-5) degerini alirken, dayanikh
bitkide ise 0.00+£0.00 degerini almigtir. M.

1071

arenarianin 2 adet Gaziantep popiilasyonu denemede
kullanilmigtir. M. arenaria popiilasyonlar1 dayanikh
bitkide en diigik 0.00+0.00 ve en yiiksek 2.00+0.00;
hassas bitkide ise en disiik ve en ylksek 4.00+0.00
yumurta kiimesi reaksiyon skala degerini almigtir. M.
arenarianin 2 popiilasyonunun da (121 Ba, 122 D) RI

degeri  %0.00n  altinda ¢iktig1 i¢in aviriilent
bulunmustur (Cizelge 3).

Onceki calismalar incelendiginde avirilent
popilasyonlarin ~ varligi  gbzlenmistir. Mi-1.2

dayaniklilik genine sahip Venezia domates ¢esidinin,
Slovenya M. luci izolatina karsi direncli oldugu ve M.
Iuci  popllasyonunun aviriilent oldugu tespit
edilmistir (Strajnar ve Sirca, 2011). Malike F1
dayanikli domates cesidinde M. incognita (8 adet), M.
arenaria (13 adet) ve M. javanica (7 adet)
populasyonlarinin aviriilent oldugu bildirilmistir
(Ozarslandan ve Elekcioglu 2010).
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Cizelge 2. Osmaniye kok-ur nematodu poplilasyonlarinin hassas Falkon ve dayanikli CLX 37574 F1 domates
gesitlerinde yumurta kiimesi indexi, 2. donem larva sayilarinin Rf, ve RI degerleri.
Table 2. Egg mass index and Rf, RI values of second stage larvae of Osmaniye root knot nematode populations
on sensitive Falcon and on resistant CLX 37574 F1 tomato varieties.

FALKON (Hassas domates gegidi) CLX 37574 F1 (Dayanikh domates gegidi)

FALKON (Sensitive variety of tomato) CLX 37574 F1 (Resistant variety of tomato, RI
Ornek Ahndipn Tiirler Skala degeri (0- 2. dénem larva/500 Rf (P/Pi)P Skala degeri (0- 2. dénem Rf (Pf/Pi)P %)

Kodu ilge Species 5k cm3 toprak Rf (PEPiP 5)e larva/500 cm3 Rf(POPP  pr
Sample | Location Scale value (0- Second stage Scale value (0-6) toprak )

code &k Juvenil/500 cm? soil Second stage v

Juvenil/500 cm?
goil

5D Bahge M. Iuci 4.25+0.25 cd 5402.50+153.651 5.40+0.15 0.00+0.00 e 0.00+0.00 b 0.00+0.00 b 0.00
8P Bahge M. incognita 4.00+0.00d 5121.25+128.161 5.12+0.12 fg 0.25+0.25 de 0.00+0.00 b 0.00+0.00 b 0.00
13D Bahge M. Iuci 4.50+0.28 be 2980.00+133.101 2.98+0.13 ] 0.00+0.00 e 0.00+0.00 b 0.00+0.00 b 0.00
15B Bahge M. incognita 4.00+0.00 d 1833.75+41.50 n 1.83+0.04 1 0.00+0.00 e 0.00+0.00 b 0.00+0.00 b 0.00
16 P Bahge M. arenaria 5.00+0.00 a 1236.25+34.30 o 1.2340.03mn 0.00+0.00 e 0.00+0.00 b 0.00+0.00 b 0.00
26 P Diizigi M. incognita 4.50+0.28 be 6912.50+98.68 g 6.91+0.09 d 0.254+0.00 de 0.00+0.00 b 0.00+0.00 b 0.00
29D Diizigi M. incognita 4.25+0.25 c¢d 4023.75+127.07 k 4.02+0.121 0.00+0.00 e 0.00+0.00 b 0.00+0.00 b 0.00
33 B Kadirli M. incognita 5.00+0.00 a 3900.00+109.92 k 3.90+0.101 0.50+0.28 cde 0.00+0.00 b 0.00+0.00 b 0.00
34 B Kadirli M. incognita 5.00+0.00 a 6006.25+88.01 h 6.00+£0.08 e 1.00+0.40 be 0.00+0.00 b 0.00+0.00 b 0.00
35B Kadirli M. incognita 4.00+0.00d 2963.75+163.21 1 2.96+0.16 ] 0.00+0.00 e 0.00+0.00 b 0.00+0.00 b 0.00
37B Kadirli M. incognita 5.00+£0.00 a 13237.50+134.43 b 1.3240.01mn 0.00+0.00 e 0.00+0.00 b 0.00+0.00 b 0.00
38P Kadirli M. javanica 4.00+0.00d 4400.00+109.92 j 4.40+0.10 h 0.50+0.28 cde 0.00+0.00 b 0.00+0.00 b 0.00
40 B Sumbas M. incognita 5.00+£0.00 a 8525.00+112.73 £ 8.52+0.11 ¢ 0.50+0.28 cde 0.00+0.00 b 0.00+0.00 b 0.00
41D Sumbas M. incognita 5.00+0.00 a 8437.50+85.08 8.43+0.08 ¢ 2.00+0.00 a 0.00+0.00 b 0.00+0.00 b 0.00
58 B Hasanbeyli M. incognita 4.00+0.00d 10098.75+38.75 d 1.00+0.00 n 0.00+0.00 e 0.00+0.00 b 0.00+0.00 b 0,00
60 P Hasanbeyli M. luci 5.00+0.00 a 18312.50+82.60 a 1.83+0.00 1 0.25+0.25 de 0.00+0.00 b 0.00+0.00 b 0,00
62D Hasanbeyli M. javanica 5.00+0.00 a 11012.50+150.51 ¢ 11.01+0.15 a 2.25+0.25 a 288.75+17.83 a 0.28+0.01 a 2.54
63 P Hasanbeyli M. incognita 4.75+0.25 ab 1985.00+71.70 n 1.98+0.07 1 1.25+0.25 b 0.00+0.00 b 0.00+0.00 b 0.00
66 P Hasanbeyli M. arenaria 4.50+0.28 be 3037.560+181.851 3.03+0.18 j 0.00+0.00 e 0.00+0.00 b 0.00+0.00 b 0.00
71P Hasanbeyli M. luci 4.50+0.28 be 1398.75+91.34 o 1.3940.09 m 0.00+0.00 e 0.00+0.00 b 0.00+0.00 b 0.00
72F Hasanbeyli M. incognita 4.25+0.25 cd 5045.00+25.57 1 5.04+0.02 g 0.00+0.00 e 0.00+0.00 b 0.00+0.00 b 0.00
205 B Toprakkale M. incognita 4.00+0.00 d 8925.00+171.39 ¢ 8.92+0.17 b 0.50+0.28 cde 0.00+0.00 b 0.00+0.00 b 0.00
207 P Toprakkale M. incognita 5.00+0.00 a 9075.00+198.43 e 9.07+0.19 b 0.50+0.28 cde 0.00+0.00 b 0.00+0.00 b 0.00
208 B Toprakkale M. incognita 4.50+0.28 be 6643.75+255.81 g 6.64+0.25 d 1.00+0.40 be 0.00+0.00 b 0.00+0.00 b 0.00
210 P Toprakkale M. incognita 5.00+0.00 a 2397.50+97.77 m 2.39+0.09 k 0.75+0.25 bed 0.00+0.00 b 0.00+0.00 b 0.00

Ba: Bamya, B: Biber, D: Domates, F: Fasulye, P: Pathican

30-5 yumurta kiimesi-ur olusumu indeksi, 0: yumurta kiimesi ve ur olusumu yok, 1: 1-2 yumurta kiimesi ve ur olugsumu var, 2: 3-10 yumurta kiimesi ve ur
olusumu var, 3: 11-30 yumurta kiimesi ve ur olusumu var, 4: 31-100 yumurta kiimesi ve ur olugumu var, 5: >100 yumurta kiimesi ve ur olusumu var (Hartman
ve Sasser, 1985).

bRf (Cogalma faktorii) =Pf (Sonug popiilasyonu) / Pi (Baglangic popiilasyonu).

°RI (%): Dayanmikh cesitte Rf / hassas gesitte Rf) x 100; RI<%10 aviriilent, %10< RI< %50 kismen viriilent, RI>%50 viriilent (Cortada ve ark., 2009).

Aym siitundaki farkl harfler, Duncan testine gére birbirinden farklidir (P<0.05)

Cizelge 3. Gaziantep kék-ur nematodu popiilasyonlarinin hassas Falkon ve dayanikli CLX 37574 F1 domates
gesitlerinde 0-5 yumurta kiimesi degeri, 2. donem larva sayilarin Rf ve RI degerleri
Table 3. Egg mass index and Rf, RI values of second stage larvae of Gaziantep root knot nematode populations on
sensitive Falcon and on resistant CLX 37574 F'1 tomato varieties.

FALKON (Hassas domates gegidi) CLX 37574 F1 (Dayamkl domates gegidi)
FALKON (Sensitive variety of tomato) CLX 37574 F1 (Resistant variety of tomato) RI

) Skala degeri (0- 2. dénem Rf (PE/Pi)P Skala degeri (0- 2. dénem Rf (PE/Pi)P (%)e
Ornek Almdigr Tiirler 5)e larva/500 cm? Rf (POPP 5)e larva/500 cm3 Rf (POPi® RI
Kodu ilge Species Scale value (0- toprak Scale value (0- toprak (%)
Sample | Location 5k Second stage 5k Second stage

code Jjuvenil/500 cm? Juvenil/500 cm?

soil soil

45 B Islahiye M. incognita 4.00+£0.00 b 2268.75+60.70 j 2.26+0.05 j 0.75+0.47 bed 0.00+0.00a 0.00+0.00a 0.00
82 P Sehitkamil M. incognita 5.00+0.00 a 11450.00+£237.17 ¢ 11.45+0.23 ¢ 1.25+0.47 ab 0.00+0.00a 0.00+0.00 a 0.00
84D Sehitkamil M. incognita 4.25+0.25 b 4675.00+£77.72 h 4.67+0.07 h 0.25+0.25 cd 0.00+0.00a 0.00+0.00 a 0.00
92 F Sehitkamil M. incognita 5.00+0.00 a 8487.50+173.65 f 8.48+0.17 f 0.25+0.25 cd 0.00+0.00a 0.00+0.00 a 0.00
96 D Sehitkamil M. javanica 4.00+£0.00 b 2181.25+72.43 ] 2.17+0.07 j 0.00+0.00 d 0.00+0.00a 0.00+0.00 a 0.00
105 D Sahinbey M. incognita 4.25+0.25 b 9141.25+67.95 e 9.14+0.06 e 1.00+0.57 be 0.00+0.00a 0.00+0.00 a 0.00
110 Ba Sahinbey M. incognita 5.00+0.00 a 17505.00+285.08 b 17.50+0.28 b 1.00+0.40 be 0.00+0.00a 0.00+0.00 a 0.00
112D Sahinbey M. incognita 5.00+0.00 a 20100.00+122.47 a 20.10+0.12 a 0.50+0.28 bed 0.00+0.00a 0.00+0.00 a 0.00
120 D Yavuzeli M. incognita 5.00+0.00 a 7987.50+117.92 g 7.98+0.11 g 0.25+0.25 cd 0.00+0.00a 0.00+0.00 a 0.00
121 Ba Yavuzeli M. arenaria 4.00+0.00 b 3225.00+193.11 1 3.22+0.191 0.00+0.00 d 0.00+0.00a 0.00+0.00 a 0.00
122 D Yavuzeli M. arenaria 4.00+0.00 b 10387.50+100.77 d 10.38+0.10 d 2.00+0.00 a 0.00+0.00a 0.00+0.00 a 0.00
190 P Oguzeli M. incognita 4.75+0.25 a 8381.25+269.91 fg 8.38+0.27 fg 0.00+0.00 d 0.00+0.00a 0.00+0.00 a 0.00
198 P Nizip M. incognita 5.00+0.00 a 8343.75+69.50 fg 8.34+0.07 fg 0.25+0.25 cd 0.00+0.00a 0.00+0.00 a 0.00

Ba: Bamya, B: Biber, D: Domates, F: Fasulye, P: Patlican

30-5 yumurta kiimesi-ur olusumu indeksi, 0: yumurta kiimesi ve ur olusumu yok, 1: 1-2 yumurta kiimesi ve ur olugsumu var, 2: 3-10 yumurta kiimesi ve ur
olusumu var, 3: 11-30 yumurta kiimesi ve ur olusumu var, 4: 31-100 yumurta kiimesi ve ur olugumu var, 5: >100 yumurta kiimesi ve ur olusumu var (Hartman
ve Sasser, 1985).

PRf (Cogalma faktorii) =Pf (Sonug popiilasyonu) / Pi (Baslangic popiilasyonu).

°RI (%): Dayamkh cesitte Rf / hassas gesitte Rf) x 100; RI<%10 aviriilent, %10< RI< %50 kismen viriilent, RI>%50 viriilent (Cortada ve ark., 2009).

Aymi siitundaki farkl harfler, Duncan testine gére birbirinden farklidir (P<0.05).
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Dayanikli Caramba domates c¢esidi tlizerinde 29
Meloidogyne popllasyonundan domatesteki Mi 1
genine karst 15 Meloidogyne popiilasyonunun
aviriilent, 7 tanesi kismen viriilent ve 7 tanesi (%48)
viriilent oldugu ortaya cikarilmistir (Verdejo-Lucas ve
ark., 2012). Karajeh ve ark., (2005)’nin yaptig
calismada Urdin'deki 83 kék-ur nematodu
popiilasyonunun (M. javanica, M. incognita irk 1, irk
2 ve M. arenaria 1k 2) viriilenslikleri hassas
(Rutgers) ve dayamkli (Betterboy) domates cesitleri
tzerinde incelenmigtir. Dayanikli domates cesidinde
80 popilasyonun avirilent, 3 M. javanica
popllasyonunun ise virilent reaksiyon gosterdigi
bildirilmigtir. Goller Bolgesinde yapilan bir ¢alismada
sebze alanlarindan toplanan ve teshisi yapilan 25 M.
incognita popilasyonundan 22 izolat aviriilent, 3
1zolat virilent, 18 M. javanica popllasyonundan ise
14 izolatin dayanikli domates (Seval RN F1) (M7 geni
tasiyan) bitkisinde aviriilent, 4 izolatin viriilent
reaksiyon gosterdigi tespit edilmistir (Uysal, 2015).
Orta  Karadeniz  Bolgesinden  toplanan 90
Meloidogyne izolatinin (M. incognita, M. javanica, M.
arenaria ve M. Iuci ) sera kosullarinda dayanikh
(Alsancak) ve hassas (Beril) domates cesitlerindeki
virilenslik durumuna bakilmigtir. Toplam 85 izolat
Mi geni tasiyan dayamikli domates bitkisinde
reaksiyon  goOstermemis ve  aviriilent olarak
belirlenmigtir. M. Juciden 4 ve M. incognitadan 1
izolatin ise viriilent oldugu tespit edilmistir (Aydinh
ve Mennan, 2019).

SONUC ve ONERILER

Bir bélgede mevcut kok-ur nematodlarinin tiir, irk ve
viriilentliklerinin dogru bir sekilde belirlenmesi bu
zararhlarla basarili bir miicadele igin ¢ok 6nemlidir.
Bu calismada, Gaziantep ve Osmaniye illerindeki
bulagik sebze arazilerinden alinan Meloidogyne
cinsine ait 4 tirden (M. incognita, M. javanica, M.
arenaria ve M. luci) olusan toplam 38 popiilasyonun
dayanikli CLX 37574 F1 ve hassas Falkon domates
bitkilerindeki viriilentlik durumu incelenmis ve tiim
poptilasyonlar dayanmikl bitkide reaksiyon
gostermeyerek avirilent bulunmustur. Aviriilent
popilasyonlarin  bulundugu bu arazilerde, ayni
cesitlerin ust uste ekilmesinden dolayr daha sonraki
yillarda viriilent nematod popilasyonlarinin ortaya
citkmasi muhtemeldir. Dayanmiklihlk genlerine karg
virilent popiilasyonlarin meydana gelmesi,
yetigtiriciler ig¢in bir tehdit olusturmaktadir. Bu
nedenle Meloidogyne tirleriyle miicadelede virilent
poptilasyonlarin olugsmasini énlemek i¢in, dayaniklh
cesitlerin zayif konuk¢u veya hassas cesitlerle
rotasyonu yapilabilir. Boéylece, kimyasal kontrole
ekolojik bir alternatif saglayan dayanikli gesitlerin
entegre nematod yonetimindeki diger yonetim
uygulamalariyla  birlikte kullanilmasi, viriilent
popllasyonlarin olugsumunu &nleyebilir. Miicadelede
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basarili olabilmek ve miicadele uygulamalarini dogru
bir gsekilde belirleyebilmek igin bulasik arazilerde
kok-ur nematodu popiilasyonlarinin virtilent olup
olmadiklariyla ilgili daha fazla calismalara ihtiyac
vardir. Ayn1 zamanda viriilent kok-ur nematodu
populasyonlarinin  bulundugu arazilerde, Urin
rotasyonunda kullanilacak olan dayanikli gesitlerin

etkinligini arttirmak igin, dayanmikhlik genlerini
arttirmaya  yonelik yeni diren¢ kaynaklarini
belirlemede daha fazla arastirmaya ihtiyag
duyulmaktadir.
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ABSTRACT Plant Protection
In this study, a total of 78 Talaromyces isolates were isolated from
the pistachio (Pistacia vera L.) rhizosphere heavily infested with Research Article
Neoscytalidium spp. The identification studies of the four

representative isolates based on morphological and molecular Article History

methods showed that all isolates were 7. funiculosus. The 575 bp Received 121.02.2021
long sequence of the internal transcribed spacer region of 7. Accepted $15.11.2021
funiculosus 1isolate ST976, selected as a representative of the

isolates, was deposited in GenBank under accession no. MW130842. Keywords

The Maximum Likelihood tree clustered the ST976 isolate with Talaromyces funiculosus,
reference 7. funiculosus isolates derived from the GenBank ITS,

nucleotide database. The phosphorus dissolution ability of ST976 Phosphate solubilization
isolate was determined by an experiment using six soil samples Neoscytalidium spp.

collected from agricultural lands in various locations of Sanliurfa
province. The pH of the soil samples taken varied between 7.21 and
7.88. As a result of the analysis performed with the addition of the
isolate ST976 applied to soil samples with different soil structures
(Clay and Clay-Loam), it was determined that the isolate ST976
dissolved 109-311% more phosphorus than the control sample. The
study is one of the first studies proving the ability of 7' funiculosus
isolate ST976 to dissolve phosphorus without any additives to soil
solution was determined.

Fistik Agaclan (_Pistacja vera) Rizosferinden Izole Edilen Talaromyces funiculosus ST976'min Farkl
Fizikokimyasal Ozelliklere Sahip Toprak Orneklerinde Fosfor Coziiniirligiine Etkisi

OZET Bitki Koruma

Bu calismada Neoscytalidium spp. ile yogun bir sekilde bulagik

antepfistig1 (Pistacia vera L.) rizosferinden toplam 78 7Talaromyces Aragtirma Makalesi
izolati izole edilmigtir. Dort temsilel izolatin morfolojik ve molekiiler

yontemlere dayanarak tanimlama g¢aligmalari, tim izolatlarin 7. Makale Tarihgesi
funiculosus oldugunu gostermistir. Izolatlar1 temsilen segilen 7' Gelig Tarihi  :21.02.2021
funiculosus ST976 izolatinin internal transcribed spacer bolgesinin Kabul Tarihi :15.11.2021

575 bg buyukligindeki sekansi, GenBank tarafindan saglanan
MW130842 erisim numaras1 ile kaydedilmistir. Maximum Anahtar Kelimeler

Likelihood dendogrami, ST976 izolatini, GenBank nitikleotid veri Talaromyces funiculosus,
tabaninda bulunan referans 7. funiculosus izolatlar1 ile birlikte ITS,

kiimelemigtir. ST976 izolatimin fosfor ¢oziinme kabiliyeti, Sanliurfa Fosfor ¢oztiinturligu
ilinin farkl lokasyonlarinda bulunan tarim arazilerinden alinan alti Neoscytalidium spp.

toprak numunesi ile yapilan deney ile belirlenmigtir. Alinan toprak
orneklerinin pH's1 7.21 ile 7.88 arasinda degismektedir. Farkh
toprak yapilarmma (Killi ve Killli-Tin) sahip toprak orneklerine
uygulanan ST976 izolatinin ilave edilmesi ile yapilan analiz
sonucunda ST976 izolatinin kontrol numunesine gére % 109-311
daha fazla fosfor ¢6zlindiigu tespit edilmistir. Calisma, 7' funiculosus
izolat1 ST976min fosforu toprak c¢ozeltisine herhangi bir katka
maddesi olmadan ¢6zebildigini kanitlayan ilk ¢aligmalardan biridir.
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INTRODUCTION

Microorganisms consisting of root fungi and many
bacterial species that coexist in the soil and living
symbiotically in the roots of plants increase the
solubility of inorganic phosphates that are insoluble
in the soil due to their metabolic functions (Gupta et
al., 2012; Ozyilmaz and Benlioglu, 2012; Mehta et al.,
2013; Shi et al.,, 2017). Microorganisms, including
Aspergillus, Penicillium, Talaromyces, Pseudomonas,
Bacillus, Rhizobium and Burkholderia species, are
capable of producing soluble-inorganic and organic
phosphate with the help of organic acids and
phosphatase enzymes that they excrete (Rodriguez
and Fraga, 1999; Doilom et al., 2020).

Phosphorus (P) in the earth naturally occurs in
mineral forms such as phosphate rocks and apatite,
the most important feature of which is that they are
insoluble (Whitelaw, 1999). The main source of P,
which is useful for plants in the soil, is formed as a
result of the breakdown of rocks and minerals. The
soluble P concentration in soil 1s usually low,
normally 1 mg kg! or less (Rodriguez and Fraga,
1999). In addition, since organic substances contain P,
there are organic P compounds providing P in the soil
(Bolat and Kara, 2017). Phosphorus is essential for
agricultural production (Nawara et al., 2017), and
plants can absorb P as a nutrient in the form of
HPO42 or H2PO4- from the soil to use in the
structure of some very important organic compounds
including nucleic acids (Cakmakei, 2005; Piskin and
Turhan, 2017). In general, it is very effective in the
initial development stages of the plant and plays an
important role in flowering, root development, seed
and fruit formation. Phosphorus is also needed for the
formation of substances such as sugar and starch and
energy metabolism, which is necessary for the plant
to maintain its vital activities.

Another source of P in the soil for plants is fertilizers
containing P in normal soluble form, especially used
in agricultural areas. The use of commercial fertilizer
in developing countries has increased significantly in
recent years and although it is not high compared to
developed countries in agriculture, there is a wrong
use of fertilizers. A large part of this soluble inorganic
phosphate applied in the form of iron (Fe), aluminum
(AD and calcium (Ca) compounds at the rate of 75-
90% becomes insoluble in the soil in a short time and
precipitates (Gyaneshwar et al., 2002; Musafa et al.,
2017). Approximately 43% of the 1.319 billion
hectares of arable land in the world is insufficient in
P, which is among the important limiting factors in
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agricultural practices (Dumas et al., 2011).

Mobilization of soil P has been reported for numerous
species of soil and rhizosphere fungi (Srinivasan et
al., 2012; Sharma et al., 2013), particularly in genera
Aspergillus, Penicillium, and Trichoderma, traversing
long distances within the soil more easily than
bacteria and may be more important to the
solubilization of inorganic phosphate in soils (Kucey,
1983) as they produce and secrete more acids than
bacteria (Sharma et al.,, 2013) and mediate the
formation of new secondary minerals of P, reducing
the P loss from soil because of surface run off (Burford
et al., 2003; Fomina et al., 2005). The most powerful P
mobilizers are mycorrhizal fungi being able to
solubilize and mineralize soil P and also absorb and
transport P into the host root as plant growth-
promoting microorganisms (Owen et al., 2015).

The 1initial aim of this study was to screen
rhizospheric fungi established in the zone of soil
directly surrounding the pistachio root system in a
representative location of the pistachio growing
Southeastern Anatolia region to garner a broad
perspective regarding their presence and functioning
in combination. The study also aimed to identify
Talaromyces isolates colonized the soil in great
amounts together with the pathogenic
Neoscytalidium spp. with morphological and
molecular tools and to assess the ability of the 7.
funiculosus isolate ST976 to dissolve P in six soil
samples taken from different parts of Sanlhurfa
province. This research is among the originate studies
evaluating the ability to dissolve P with only 7.
funiculosus ST976 without any additives to the soil
solution is determined.

MATERIALS and METHODS
Collection of soil sample

In August 2019, soil samples were collected from
rhizospheres of pistachio trees in an orchard of
Bozova, Sanhwurfa, Turkey. Four samples, each
consisting of 200 grams of soil, were collected from
around symptomatic plants with a sterile container at
a depth of 20 cm and at a distance of 25 cm from the
roots, immediately sent to the laboratory, mixed
thoroughly, shade-dried for 15-20 days, crushed, and
sieved through a 2-mm sieve.

Isolation of rhizospheric fungi

A common protocol of soil dilution plate technique
was applied to isolate fungi from the shade-dried and
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sieved soil samples. At the beginning of the
procedure, 10 g of each soil was suspended in 200 mL
of sterile distilled water in a screw-capped bottle, and
the mixture was stirred with a magnetic stirrer (250
rpm at room temperature) for 20 min. then one ml of
aliquot was added to 9 ml of sterile distilled water up
to 10°¢ dilution. In this way, 0.5 ml aliquot of 10
dilution was transferred with a pipette onto the
surface of 15 ml potato dextrose agar (PDA; Difco,
Detroit, MI, USA) containing streptomycin sulphate
at the concentration of 100 mg L1 in a 100-mm
diameter petri dish and spread evenly across the agar
surface using a sterile glass spreader. Along these
lines, each suspended soil sample was poured over 10
plates (in ten replicates). The plates were labeled and
incubated at 25°C in the dark and observed for fungal
growth. After 4-7 days of incubation, growing colonies
were subcultured on PDA and malt extract agar
(MEA; Difco, Detroit, MI, USA) media plates.

Cultural and morphological characteristics of the
fungi

After 7 days of incubation at 25°C in the dark on
MEA and PDA, colony characteristics were observed.
The growth diameter and coloration of the colonies
and the texture of the mycelia were noted. For further
characterization of tentatively identified 7alaromyces
species (Samson et al., 2011; Yilmaz et al., 2014),
isolates were also incubated at 37°C on MEA for 7
days. The microscopic features (spore formation, size
and mycelium arrangement) were examined after
three additional days of incubation. Microscopic
observations were made using an Eclipse E200 model
light microscope (Nikon Inc., Tokyo, Japan). The total
number of colonies identified was counted for each
soil sample. All isolates were deposited in the culture
collection of the Plant Pathology Laboratory at the
GAP Agricultural Research Institute, Sanliurfa.

DNA extraction

To extract genomic DNA, a PDA plug (5 mm in
diameter) from an actively growing each single-spore
culture of Taloromyces spp. was transferred into a 50
ml centrifuge tube containing 20 ml of potato dextrose
broth (Difco, Detroit, MI, USA) and incubated for 7
days at 25°C in a shaker (ThermoStable™ IS-30:
Daihan Scientific Co., Seoul, Korea) at 100 rpm.
Myecelial mass was harvested by filtration through a
filter paper and rinsed three times with sterile
distilled water. Following drying, the mycelia were
ground to a homogenized powder with sterilized
mortar and pestle under liquid nitrogen.
Approximately 100 mg of powder was suspended in
preheated 750 pl of extraction lysis buffer (2% CTAB,
2% PVP-40, 0.8 M NaCl, 125 mM Tris-HCI pH 8.0, 25
mM EDTA pH 8.0, 0.5% sodium disulphide, and 0.5%
sarcosyl) in a 2 mL Eppendorf tube, vortexed briefly
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and then incubated at 65°C for 1 h. After this
incubation, 750 pL of chloroform/isoamyl alcohol (24:1
w/w) was added to the suspension, gently mixed for 5
min. The suspension was centrifuged at 13.000 g for
15 minutes to clarify and the supernatant was
transferred to a new Eppendorf tube. This step was
repeated twice. DNA was then precipitated with 0.6
volume of cold isopropanol and collected by
centrifugation at 13.000 g for 10 min. The resulting
pellet was rinsed with 70% ethanol and dried at room
temperature in a laminar flow for 60 min. The final
concentration and quality of the resulting DNA were
estimated by a nano spectrophotometer (DS-11 FX+:
Denovix Inc., Wilmington, DE, USA) and adjusted to
10 ng pLi't with sterile distilled water for PCR assay.
The DNA was stored at -20°C until used.

ITS rDNA sequencing and phylogenetic analysis

The internal transcribed spacer region (ITS) of
ribosomal DNA of isolates was amplified with the
primer pair of ITS1 (5" - TCC GTA GGT GAA CCT
GCG G - 3) and ITS4 (5" - TCC TCC GCT TAT TGA
TAT GC - 3) primer pair described by White et al
(1990). Reaction mixtures contained 1X polymerase
reaction buffer, 200 uM each dNTPs, 0.4 uM of each
primer, 1.25-unit of Taq DNA polymerase (New
England BioLabs, Ipswich, MA, USA), 10 ng of
template DNA, and sterile distilled water up to 50 pL.
Conditions for PCR of ITS constituted an initial
denaturation step of 3 min at 94°C, followed by 35
cycles of 30 s at 94°C, 30 s at 52°C and 1 min at 72°C,
and a final denaturation step of 10 min at 72°C,
which was carried out in a T100 thermal cycler (Bio-
Rad, Hercules, CA, USA). PCR product was confirmed
by visualizing on a 1.4% agarose gel containing 1X
TAE buffer using a gel documentation system (G: Box
F3: Syngene, Cambridge, UK) and bidirectional
sequenced with the same primers by a commercial
company (Macrogen Inc., Seoul, Korea).

The ITS sequence of isolates was compared to those of
all known 7Talaromyces spp. deposited into the
National Centre for Biotechnology Information
(NCBI) nucleotide database using the Basic Local
Alignment Search Tool (Anonymous, 2021). The ITS
sequence of representative isolate ST976 was
submitted to the NCBI GenBank and deposited under
accession no. MW130842. For further analyses, a
phylogenetic tree was produced with ST976 and
eleven Talaromyces isolates belonging to six species.
All sequences were aligned with Clustal W system
(Thompson et al., 1994) using MEGAX software
(Kumar et al., 2018). The Maximum Likelihood (ML)
analysis was performed on a maximum parsimony
(MP) analysis starting tree automatically generated
by the software and the robustness of phylogeny was
assessed by 1,000  bootstrap  re-samplings
(Felsenstein, 1985).
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Soil material used in phosphorus solubility analysis

The pH of the soils taken into the trial from 6
different pistachio fields in Sanliurfa province ranged
between 7.21 and 7.88, according to the soil pH limit
values reported by Kacar (1995). Haliliye soil sample
was determined to be slightly alkaline, while samples
taken from other regions were in the middle alkaline
class (Table 1).

When the texture classes of the soils were examined
according to the method reported by Eyiipoglu (1999),

the samples in Eyylibiye and Suru¢ regions had
clayey structure and the samples in other regions had
clayey-loam texture, and total P ratios were
determined via Induced by Plasma-Optical Emission
Spectrometry (ICP-OES). The concentrations of P
were measured by the Inductively Coupled Plasma
Atomic Emission Spectroscopy (ICP-OES Varian
Liberty Series II). Some physical and chemical
properties of the soils used in the research are given
in Table 1.

Table 1. Some properties of soil materials experimented in this study.
Cizelge 1. Calismada denemeye alinan toprak materyalinin bazi 6zellikleri.

Sample pH Soil texture EC (mS cm™) CaCOs3(%) Total P (mg kg'1)
Akgakale 7.70 Clay Loam 1.45 26.6 828

Bozova 7.68 Clay Loam 0.86 25.7 676

Eyytibiye 7.88 Clay 1.36 27.7 694

Haliliye 7.21 Clay Loam 4.02 31.1 2.075
Karakopri 7.84 Clay Loam 0.74 27.3 2.094

Surug 7.75 Clay 1.04 12.9 839

Determination of the solvent effect of the phosphorus
in the soil solution of ST976

Soil samples were dried and sieved to determine the
solvent effect of the P in the soil solution of ST976.
After being sterilized, 5 g of soil for each sample was
weighed and placed in a 150 ml sterile Erlenmeyer
flask, 1 g of 7' funiculosus ST976 (by weighing of 7
mm diameter mycelial agar plugs cut with a sterile
cork borer from the centers of the colonies grown on
PDA in aseptic conditions) and 100 mlL of sterile
distilled water were added into the flask and covered
with parafilm. Only 5 g of soil and 100 ml of sterile
distilled water were added to the control flasks and
kept at 25°C in the dark for 14 days (in three
replicates). After extraction of samples kept in the
dark for 14 days, favorable P concentrations were
determined on the ICP-OES device.

Statistical Analysis

The data were analyzed for significance by analysis of
variance (ANOVA), followed by Fisher's least
significant difference test (LSD) at P < 0.01 with
Statistical Analysis System (SAS Version 9.0; SAS
Institute Inc.; Cary, NC, USA).

RESULTS and DISCUSSION

Fungal species were easily isolated and purified
because they formed surface colonies that were well
dispersed at 10-6 dilution. Colonies were identified as
Neoscytalidium spp. and Talaromyces spp. based on
the description of their anamorphs (Crous et al., 2006;
Samson et al., 2011; Yilmaz et al., 2014). Out of 726
colonies counted in all soil samples, the mean
percentage of soil colonization by Neoscytalidium spp.
(Figure 1) and Talaromyces spp. with similar colony
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type on both media and morphologically similar
characteristics for each species were 77.7 and 10.7%,
respectively (Table 2). The remaining colonies were
minor in proportion (11.6%) and composed of
Penicillium spp., Fusarium spp., a Pythium sp. and a
Rhizopus sp. Among these genera, Neoscytalidium (N.
dimidiatum) has been previously reported to cause
canker, shoot blight, and root rot of pistachio in
Turkey (Dervis et al., 2019).

| e
Figure 1. The colonies of Neoscytalidium spp. from
pistachio rhizosphere.

Sekil 1. Antepfistig1 rizosferinden elde edilen

Neoscytalidium spp. Kolonileri

Morphological and molecular studies were initiated
by selecting 4 isolates, one isolate representing each
sampling. Fungal isolates of Talaromyces spp. formed
dull green and loosely and strongly funiculose (Figure
2. a) colonies on PDA and MEA of 35- and 30-mm
diameter after 7 days incubation at 25°C, respectively.
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The reverse of colonies was light green and pale
brown on PDA and MEA, respectively. Conidiophores
were Dbiverticillate (Figure 2. b) with a few
subterminal branches. Conidia were unicellular, gray-
green in color, smooth-walled, ellipsoidal and 2 to 3 X
1 to 2 pm in size (Figure 2. c¢). The distinguishing

featured colonies grew well at 37°C in 50 mm-
diameters on MEA after 7 days of incubation. These
characteristics were consistent with those of
Talaromyces funiculosus (Thom) described by Samson
et al. (2011) and Yilmaz et al. (2014).

Table 2. Frequency of fungi in soil samples from pistachio rhizosphere on potato dextrose agar medium.
Cizelge 2. Patates dekstroz agar ortaminda antepfistigl rizostferinden alinan toprak orneklerinde funguslarin

bulunma orani

Soil colonization (%)

Fungus Number of colonies
Neoscytalidium spp. 564

Talaromyces spp. 78

Fusarium spp. 34

Penicillium spp. 30

Rhizopus sp. 16

Pythium sp. 4

7.7
10.7
4.7
4.1
2.2
0.6

"

.

Figure 2. Morphological and distinguishing characters of Talaromyces

. ate%
funiculosus a. Strongly funiculose colony

type on malt extract agar after 7 days incubation at 25°C in the dark b. Biverticillate conidiophore c.

Ellipsoidal conidia

Sekil 2. Talaromyces funiculosus'un morfolojik ve ayirt edici karakterleri a. Karanhkta 25 °C'de 7 giin
Inkilibasyondan sonra malt ekstrakti agarinda yogun fiinikiiloz koloni tipi b. Bivertisilat konidiyofor c.

Elipsoidal konidiler

The PCR sequencing of the ITS locus of rDNA was
successfully employed in this study to confirm the
identification of isolates. The identification of four
representative isolates was confirmed by the BLAST
algorithm running on the NCBI based on the ITS
sequences which were 575 bp long with identity
matches of 100% with those of 7. funiculosus isolates
in the GenBank database. The ITS sequence of the
isolate ST976 submitted to the NCBI GenBank was
deposited under accession no. MW130842.
Talaromyces isolates were differentiated from other
Talaromyces species in the phylogenetic tree (Figure
3). The separation of 7. funiculosus isolates into a
clade was conducted by the Maximum Likelihood
method with a high bootstrap value of 94%, which
confirm that the sequence analysis of the ITS region
is a reliable tool for the identification of 7. funiculosus
isolates.

The results obtained were determined to be
statistically significant at the level of P < 0.01 in the
soils to which the isolate ST976 was added (Table 3).

It was determined that 7' funiculosus ST976 has the
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ability to dissolve P quite effectively in the
experiment, which was established by bringing the
soil solution and the fungus together, within 14 days
compared to the control (in three replicates). As a
result of the analyses made to determine the solvent
effect of P in the soil solution of ST976, it was
determined that ST976 (soil + ST976) increased the
favourable P ratio in the soil by 109-311% compared
to the control (soil) groups. (Table 3, Figure 4).

It was concluded that the contents of the soil samples
did not affect the P dissolution rate in 7. funiculosus
ST976 due to the salt-free or less salty structure. It
has been stated that the increase in salinity does not
decrease phosphate solubility in 7. funiculosus SL.S8
and it may be beneficial in the protection of
phosphate levels in salty soils with the use of fungi
(Kanse et al., 2015).

In a study of the state of soil fractions and the ability
of fungi to dissolve phosphates, fourteen of the thirty-
three isolated fungi were considered to be high or
very high P solvents based on a dissolving capacity of
>1.000 pg PO43- ml' (Barroso and Nahas, 2005).
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94' MW130842 Talaromyces funiculosus ST976
KMO066194 Talaromyces funiculosus CBS 885.71
| KMO066193 Talaromyces funiculosus CBS 171.91
KMO066189 Talaromyces macrosporus CBS 353.72
701 KMO066188 Talaromyces macrosporus CBS 117.72
_I KF741985 Talaromyces apiculatus CBS 548.73
KFE741977 Talaromyces apiculatus CBS 101366
83 _| KF741982 Talaromyces aculeatus CBS 290.65
Y1 KF741981 Talaromyces aculeatus CBS 282.92
I—' IX315665 Talaromyces purpureogenus CBS 184.27
PV IX315663 Talaromyces purpureogenus CBS 122434
IN899339 Talaromyces dendriticus CBS 660.80

—t
0.01
Figure 3. The Maximum Likelihood tree estimated using MEGAX based on ITS sequences showing the
relationship among members of the Talaromyces genus. The bootstrap support percentages of the
analysis are shown at the nodes. The isolate ST976 in bold is obtained in this study.
Sekil 3. Talaromyces cinsi tiyeleri arasinda iliskiyi gosteren ve ITS dizileri tabanli MEGAX kullanilarak tahmin
edilen Maximum Likelihood dendogrami. Analizin bootstrap destek ylizdeleri nodlarda
gosterilmektedir. Kalin harflerle gosterilen ST976 izolat1 bu ¢alismada elde edilmigtir.

Table 3. Effect on available P solubility by applying the isolate ST976 to soils.
Cizelge 3. ST976 1zolatinin topraklara uygulanmasiyla alinabilir P ¢oziintirliigii lizerindeki etkisi.

Control Soil + ST976 Increase
Sample (soil, mg P L) (mg P 1')* (%)
Akgakale 10.7 26.9 151
Bozova 9.50 19.9 109
Eyytibiye 7.52 25.9 244
Haliliye 40.2 119 196
Karakopra 9.24 24.4 164
Surug 4.94 20.3 311
*#Statistically significant at the level of P < 0.01
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Figure 4. Effect on phosphate solubilization activity of the 7Talaromyces funiculosus isolate ST976. Means of the
bars indicated with the same letter are not significantly different from each other according to Fisher’s
LSD test (P < 0.01).
Sekil 4. Talaromyces funiculosus 1zolat1 ST976'nin fosfat ¢oziindiirme aktivitesi lizerindeki etkisi. Fisher'in LSD
testine (P <0.01) gére ayni harfin ardindan gelen siitiindaki ortalamalar énemli él¢iide farkl degildir.

Whitelaw et al. (1997), stated that increases in P in the soil as a result of the presence of Penicillium
uptake by plants may be due to phosphate dissolution radicum. The inoculation of plant seeds with P
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dissolving bacteria was reported to promote plant
growth by increasing the availability of P fertilizers
fixed in the soil or applied (Cakmakgi, 2005). In soil
conditions, various phosphate dissolving
microorganisms have features such as helping to
dissolve insoluble phosphates and improving soil
health and quality (Richardson, 2001; Vassilev et al.,
2006; Naik et al., 2008; Dash and Gupta, 2011; Sun et
al., 2017). Many researchers stated that depending on
the soil structure and at low pH, P solubility is more
active by fungi (Whitelaw et al., 1999; Cakmakgi,
2005; Song et al., 2008; Chai et al., 2011; Sharma et
al., 2013). Seshadri et al. (2000) and Antoun (2005)
reported that the soill pH 1is affected by the
microorganisms that dissolve P in the soil, organic
acids such as gluconic acid, citric acid and H+ (proton)
pumping, and the P turns into a form that can be
taken by plants.

CONCLUSIONS

In the present study, which was conducted to
determine the solvent effect of the P in the soil
solution of ST976 isolated from the roots of the
pistachio tree, it was determined that ST976 can
dissolve P at a rate of 109% to 311% compared to the
control, depending on the P ratio in the soil.

Although it has been reported in the literature that
organisms dissolving P at low pH are generally more
active, the soil samples taken for the research had
slightly alkaline and medium alkaline pH, and there
were positive increases in P solubility in soils with
ST976 added against control groups. Although the
element P is found in high amounts in both organic
and inorganic forms in the soil, it is still a limiting
factor in terms of plant nutrition since it is in a form
that cannot be taken by plants. Therefore, the
presence of phosphate-dissolving microorganisms in
the soil plays an important role in plant nutrition by
increasing P uptake by the plant. To minimize
chemical applications in terms of increased efficiency
and quality in production, it is known that the role of
P-dissolving microorganisms in soils with different P
content is substantially important. Considering the
small amount of research on their use as biological
fertilizers and their encouragement of plant growth,
more and broader studies should be conducted.

The findings demonstrate the ability of this beneficial
rhizospheric fungus to solubilize P as a potential
growth promoter under high pathogen pressure
(Neoscytalidium spp. in this study). In light of other
studies, the ability of 7 funiculosus ST976 to dissolve
phosphorus directly in the soil solution was
demonstrated in this study. It is thought that the
data obtained in soil conditions will be included in
scientific studies in a way that will form the basis for
the studies on the application of 7. funiculosus.
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OZET Bitki Koruma

Bu c¢alismada bir ruhsatli olmak tizere 11 farkh fungisitin 14 farklh

konsantrasyonunun in vitro kosullarda Phoma tracehiphilamin en Aragtirma Makalesi
virulent izolatlatinin (Pt-E10) miselyal gelisimi {izerine etkileri

aragtirilmigtir. /n wvitro kosullarda patojenin miselyal geligimini Makale Tarihgesi
engellemede cyprodinil (375 g kg-1)+ fludioxonil (250 g kg-1) Gelis Tarihi :04.06.2021
kombinasyonunun 5 ppm> , fluxapyroxad (75 g 1-1) + difenoconazole Kabul Tarihi :11.10.2022
(50 g I-1) fungisit kombinasyonunun 100 ppm> uygulama

dozlar1 %100 etki ederek en etkili fungisitler olmustur. cyprodinil Anahtar Kelimeler

(375 g kg-1)+ fludioxonil (250 g kg-1) ve fluxapyroxad (75 g L-1) + Fungisit

difenoconazole (50 g L-1) Bu fungisit kombinasyonlarinin ECso Limon

degerleri sirasiyla 0.12 ve 1.23 ppm olarak P. tracehiphila (Pt-E10) Patojenisite

i¢cin hesaplanmistir. Azoxystrobin, dithianon ve pyraclostrobin gibi
etkili maddeli fungisitler P. tracheiphilanin miselyal gelisimini
engellemede kayda deger Dbir etki gostermemistir. Sera
denemelerinde ise cyprodinil (375 g kg-1) + fludioxonil (250 g kg-1)
ve fluxapyroxad (75 g L-1) + difenoconazole (50 g L-1) fungisit
kombinasyonlarinin normal dozlari hastalik siddetini engellemede
¢ok etkili degilken, uygulama dozunun iki kati kullanildiginda
hastalik sirasiyla %62.6 ile %45.3 dizeyinde engellenmisg, ruhsatlh
bakirhidroksit ise hastalig1 sadece % 9.8 oraninda engellemistir.

Plenodomus tracheiphilus

Investigation of the Effectiveness of Some Fungicides Against Phoma tracheiphila

ABSTRACT
In this study, the effects of 14 different concentrations of 11 different

Plant Protection

fungicides, including one licensed, on the mycelial growth of Phoma Research Article
tracehiphila's most virulent isolates (Pt-E10) were investigated in in . .
vitro conditions. The 5.0 ppm > of cyprodinil (375 g kg-1) + Artlc.le Hlstory.
fludioxonil (250 g kg-1) combination and 100 ppm > of fluxapyroxad Received ) 04.06.2021
(75 g L-1) + difenoconazole (50 g L-1) combination were the most Accepted - 11.10.2022
effective fungicides with 100 % effect on radial growth inhibition. K d

. e eywords
The EC50 values of these fungicide combinations were calculated for Fungicide
P. tracehiphila (Pt-E10) as 0.12 and 1.23 ppm, respectively. Lemon
Fungicides with active substances such as azoxystrobin, dithianon Pathogenicity

and pyraclostrobin did not show any significant effect in preventing
mycelial development of P. tracheiphila. In greenhouse trials, the
normal doses of cyprodinil (375 g kg-1) + fludioxonil (250 g kg-1) and
fluxapyroxad (75 g L-1) + difenoconazole (50 g L-1) fungicide have
not been very effective in preventing disease severity. However,
when using two fold application doses of fungicides the disease
severity was prevented at 62.6% and 45.3%, respectively, and the
licensed copper hydroxide prevented the disease only at the rate of
9.8%.
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GIRIS

Turkiye, yaklagsik olarak 4.3 milyon ton turunggil
uretimi ile diinyada 8. sirada, 0.9 milyon ton limon
iretimi ile Akdeniz iilkeleri igerisinde 1. sirada yer
almaktadir (Anonim, 2019). Tirkiye’de limon
tretiminin illere gore dagiliminda Mersin %59.0’lik
tretim pay: ile ilk sirada, %24.3’lik pay ile Adana
ikinci sirada yer almaktadir. Tirkiye limon
tretiminin %83.3lik kismini bu iki il kargilamaktadir
(Anonim, 2020). Tiirkiye’de yetistirilen limonlar; eksi,
tatlh ve limon benzerleri olmak tUzere u¢ sinifa
ayrilmaktadir. Dogu Akdeniz Bélgesinde ticari olarak
tercih edilerek genis capta yetigtiriciligi yapilan
Eureka, Kutdiken, Enterdonat, Yediveren ve Lizbon
cesitleri  eksi limon  grubundandir. Akdeniz
ulkelerinde eksi limon grubu tim limon ¢esitleri
Uckurutan hastalign (Phoma tracheiphila)na son
derece duyarli olup, bu tip agaclarda ciddi kayiplar
yasanmaktadir. Nitekim Adana 1ili ve merkez
ilcelerinde eksi limon grubundan olan Eureka,
Kiitdiken, Enterdonat ve  Yediveren limon
cesitlerinden olugsan bahgelerde yapilan survey
calismalarinda agaclarin ¢ogunlugunun uc¢kurutan
hastalik belirtileri gésterdigi ve ciddi aga¢ o6lumleri
oldugu tespit edilmistir (sayisal veri alinmamistir). P,
tracheiphila funguslar alemi icerisinde, Ascomycota
subesinde, Pleosporales takiminda yer alan Phoma
cinsi bir patojendir. Phoma tracheiphila (Petri) Kan.&
Gik. (Petri, 1929; Kantschaveli ve Gikashvili, 1948)
etmeni, limon yaninda diger turuncgil tirlerini de
infekte etmesi nedeniyle de Gruyter ve ark. (2013)
tarafindan Plenodomus tracheiphilus (Petri) Gruyter,

Aveskamp & Verkley olarak tekrar
simiflandirilmigtir.  Ugkurutan hastaligi ~ etmeni
turuncggil yetistiriciligi yapilan Italya, Ispanya,

Portekiz, Fransa, Liibnan, Israil, Libya, Misir, Fas,
Tunus, Yunanistan, Turkiye, Suriye, Irak, Yemen,
Kibris, Malta, Kolombiya, Uganda ve Avustralya’da
rapor edilmistir (Anonim, 2014). Uckurutan
hastaliginin karakteristik simptomlar: ug
yapraklarda kloroz olusumu ve yaprak sap1 siirgiinde
kalacak sekilde bolgesel yaprak dokilmeleri,
patojenin iletim demetlerinde ilerlemesi ve salgiladig
“malseccin”  toksininden dolay1 somon rengi
gorinimi ile stirglinlerde ugtan itibaren kurumalar
olusturmakta ve daha sonra tiim bitkinin 6limi ile
sonuclanmaktadir (Klotz, 1954). Uckurutan hastalig1
miicadelesinde;  kiltirel uygulamalar  stirekli
agaclarin kontrol edilip hastalikli olanlarinin sékiiliip
imha edilmesi, agaglarin obur dallarinin diizenli
olarak temizlenmesi, bitkide yara ac¢ilmamasi,
hastalikli siirglinlerin budanarak imha edilmesi ve
budamalarin patojenin inaktif oldugu yiiksek
sicakhiklarda  yapilmasi1 ve yeni  bahgelerin
hastaliktan ari sertifikali fidanlarla kurulmas:
seklindedir (Din¢ ve ark., 1981; Salerno ve Cutili,
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1981; Navarro ve ark., 2002; Migheli ve ark., 2009).
Uckurutan ile miucadelede Agrobacterium ile P.
tracheiphilamin  patojenik olmayan mutantlarin,
endofitlerin (Coco ve ark., 2004; Migheli ve ark.,

2009) ve simbiyot mikorizalarin kullanilmasi
(Ozdemir, 2019) patojenin miselyal geligimini
engellemede basarili sonuglar vermektedir. Bununla
birlikte pratikte uckurutan hastaliginin
miicadelesinde dizenli araliklarla ruhsathh bakirh
fungisitler uygulanmaktadir. Ancak bakirh
fungisitler patojenin bitki ylzeyinde ¢imlenmesini
onlemeye  yoneliktir. Infekteli agaclarin  bu

fungisitlerle tedavi edilmesi etmenin trakeomikoz
patojen olmasi nedeniyle mimkin degildir. Bu
calismanin amaci, limon bahgelerinde sorun
olusturan P. tracheipiladya karsi bazi sistemik ve
koruyucu etkili fungisitlerin in vitro kosullarda
patojenin radyal miselyal gelisimini engelleme etkisi
ve sera kosullarinda limon fidanlarinda hastalik
siddeti tizerindeki etkilerinin belirlenmesidir.

MATERYAL ve METOD
Fungal izolat, besi ortami ve bitki materyalleri

Phoma tracheiphila izolat, “Kiitdiken” limon fidanlar:
uzerinde en viriilent oldugu 6nceden saptanan PtE-10
In vitro ve sera fungisit denemelerinde patojen
materyali olarak kullamilmigtir. P. tracheiphila
izolatinin alt kultiire alinmasi1 ve in wvitro fungisit
deneme calismalarinda besiyeri olarak 100 mg L-1
tetrasiklin ilave edilmis PDA (potato dextrose agar)
besi ortami kullanilmistir. Sera kogullarinda fungisit
denemelerinde bitki materyali olarak Kiitdiken limon
¢esitinden 1 yasinda, toplam 45 adet fidan in vitro
calismalarda en etkili iki ve bir adet ruhsath bakirh
fungisit olmak tizere 3 farkli fungisit sera
denemelerinde kullanilmistir. Her fungisit icin (3
tekerriir x 4 farkli doz + 3 negatif kontol) 15 adet
fidan kullanmilmigtir. Fungisit denemeleri Cukurova

Universitesi  Ziraat Fakiiltesi Bitki Koruma
Bolimi@’'ntin  uygulama arazisindeki seralarinda
yuriatilmustur.

Fungisitler

In vitro kogullarda fungisit denemelerinde 8 farkl
etkili madde grubuna ait toplam 10 adet fungisit
kullanilmigtir. Fungisitlerin se¢iminde Phoma ile
ayni familya igerisinde bulunan siger patojenik
funguslarin mucadelesinde en yaygin kullanilan etkili
maddelere 6ncelik verilmistir (Cizelge 1).

Fungisitlerin PDA Besi Ortaminda Hazirlanmasi

100 mL’lik cam sigelerin her birine 60 mL PDA
ortam1 hazirlanarak 121°C, 1 atm basincta 20 dak.
otoklav edilmistir. Oncelikle denemelerde
kullanilmas1 planlanan fungisitlerin  steril su
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icerisine farkli konsantrasyonlarda (0.0, 0.05, 0.01,
0.5, 0.1, 1.0, 5.0, 10, 25, 50, 100, 250, 500 ve 1000
ppm) stok soliisyonlar:1 hazirlanmistir. Her bir ticari
preparatin stok soliisyonlarindan ppm olarak
hesaplanan fungisitler PDA ortamlarina eklenerek
homojen karigtirildiktan sonra fungisit igeren besi
ortamlari 9 cm’lik plastik steril petri kaplarina

dokilmistir. Her konsantrasyon i¢in 3 petri
kullanilmigtir. Steril kabin igerisinde ortamlarin
katilagsmasimi  takiben P. tracheiphilahin PDA

ortaminda, 23 +1 °C’de gelistirilen 10 gunluik saf

kiltirlerinden alinan 6 mm’lik diskler fungisitli besi
ortamlarina misel ortama temas edecek sekilde ters
olarak petrinin ortasina yerlestirilmistir. Fungus
disklerini igeren petriler parafilm ile kapatilarak 15
litrelik geffaf, plastik saklama kaplar1 icerisine
alinmig ve karanlikta 23 +1 °C iklim odasinda 4 hafta
inkiibe edilmistir. Bu siirede haftalik olarak
petrilerde gelisen funguslarin miselyal geligimi
milimetrik bir cetvel ile dik kesisen eksenlerden (x,y)
6l¢timler yapilmigtir.

Cizelge 1. Calismada Kullanilan Fungisitler ve Etkili Madde Grubu
Table 1. Fungicides and Active Ingredients Using on Study

Etkili Madde Ad: Etkili Madde Grubu Etki Mekanizmasi

ve Miktanr Active Ingredient Group Mode of Action

Active Ingredient

and Amount

Azoxystrobin (250 g/L) Strobilurinler a: Mitokondriyal membranda stokrom b’den sitokrom
cl’e elektronlarin taginmasini engellemek

Dithianon (%12) Quinone, Bitkide savunma mekanizmasini uyarma+ a

Pyraclostrobin (% 4) Strobilurinler

Pyraclostrobin(%12.8)+
Boscalid (%25.2)

Strobilurinler, Carboximide

a + Suksinat dehidrogenaz inhibitéri (SDHI)

Difenoconazole (50 g/L)

Triazoller

Cyprodinil(375g/kg)+ Pyrimidine, Pyrrol Metionin biyosentezini engelleme + Ozmotik sinyal
Fludioxonil (250g/kg) uretiminde MAP Histidin Kinaz enzimi
Fluxapyroxad (75g/L) | Pyrazole-4 Carboxamide SDHI + b: Funguslarda sterol (ergesterol)

biyosentezini engelleme

Propiconazole(150g/L)+ Triazoller b

Difenoconazole 150g/L)

Metconazole (60g/L) Triazoller b

Tebuconazole (%25) Triazoller b

Fenbuconazole (50g/L) Triazoller b

Cyflufenamid(%3.4)+ Phenyl acetamide + Hedef noktasi bilinmiyor

Triflumizole (%15) Imidazole +b

Bakir Hidroksit (%35 | Bakirli fungisitler ¢ Enzim iglevini, enerji transferi ve membran

metalik bakira esdeger)

butiinligini bozma, spor ¢imlenmesini engelleme

f.n vitro Kogullarda Fungisitlerin P. {racheiphila
Izolatlar1 Uzerine Etkisinin Degerlendirilmesi

Calisma, tesadif parselleri deneme desenine goére her
izolat i¢in 3 tekerriirli olarak kurulmus, her petri bir
tekerriir varsayilmigtir. Denemeler bir kez tekrar
edilmigtir. Fungisitlerin engelleme oranlari Abbott
(1987), formiiliine gore asagida belirtildigi sekilde
hesaplanmistir. Yiizde etki = (Ilacsizda koloni
geligimi - Ilachda koloni gelisimi) / (Ilagsizda koloni
gelisimi) X100

ECso (miselyal gelisimi %50 engelleyen doz) degerleri
her izolat icin SPSS (versiyon 24) istatistik yazilim
programinda yer alan Probit analizine tabi tutularak
hesaplanmigtir. Elde edilen degerlere varyans analizi
yapilarak, ortalamalar arasindaki farklar Tukey’s
HSD (a = 0.05) testine gore degerlendirilmistir.

Sera Calismalarinda Kullanmilan Fungisit Dozlarinin
Hazirlanmasi

Deneme, Cukurova Universitesi Ziraat Fakiltesi
Bitki Koruma Bolimi uygulama arazisinde bulunan
seralarda  Kiitdiken limon fidanlar1 {zerinde
yuriutilmiustir. Denemeler tesadif parselleri deneme
desenine gore 3 tekerrurli olarak bir kez kurulmus,
her fidan bir tekerrir kabul edilmistir. Sera
¢alismalarinda fungisit etkinligini saptamak amaci
ile in vitro galigmalar sonucunda belirlenen en etkili 2
adet fungisit ve pozitif kontrol olarak ruhsatl 1 adet
bakirhi fungisit se¢ilmigtir. Pozitif kontrolin in vitro
caligsmalarda etkili en diisiik dozu (1 ppm) dikkate
alinmis ve bu dozun 25, 50, 75 ve 100 kati olmak
tzere 4 doz hazirlanarak kullanilmigtir. Negatif
kontrol olarak ise bitkilere sadece su uygulanmigtir.
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P. tracheiphila Spor Siispansiyonunun Limon

Fidanlarina inokulasyonu

Cukurova Universitesi Ziraat Fakiiltesi Bitki Koruma
Bolimii uygulama arazisindeki seralarda bulunan ve
1 hafta 6nce fidanlarin tepe stirgtinleri 20 cm kesilmig
ve 3 fungisitin 4 farkli dozu ve su kontroli
uygulanmig fidanlara patojen inokulasyonu ic¢in 2
nolu bocek ignesi gévde kabuk dokusuna batirilarak
kiigiik yaralar acilmis ve Pt-E10 izolatinin hazirlanan
spor siispansiyonu (4x10-6 spor ml-1) bu yaralara
dogru sprey ile uygulanmigtir. Inokulasyondan bir
hafta 6nce ve inokulasyondan 2 ve 4 hafta sonra
olmak Uuzere toplam 3 kez fungisit uygulamalari
yapilmigtir (Ploetz ve ark., 2011; Twizeyimana ve
ark., 2013).

P. tracheiphila ile Infekteli Limon Fidanlarina
Fungisitlerin Uygulanmasi ve Degerlendirilmesi

Dort farklh dozda hazirlanan fungisit karigimlar: bir
el spreyi plskirtme yontemiyle fidanin tim
kisimlarina gelecek sekilde uygulanmig, fungisitlerin
etiketlerindeki etki siiresi dikkate alinarak, 15 giinde
bir kez olmak tuzere toplamda 3 kez ilaglama
yapilmistir (Ploetz ve ark., 2011; Twizeyimana ve

ark., 2013). Denemelerin degerlendirilmesi ilk
fungisit uygulamasini takip eden 45. gilinde
yapilmigtir. Fungisit uygulamalarmin

degerlendirilmesinde Solel ve Spiegel-Roy (1978), ile
Tusa ve ark. (2000),nin 0-5 skalas1 kullanilmigtir.
Elde edilen skala degerleri kullanilarak asagidaki
Townsend-Heuberger (1943), formiilii ile hastalik
siddeti hesaplanmigtir. Hastalik siddeti (%) = [3 (n x
V) / (Z x N)] x 100

Formiilde: n=Skalada farkli hastalik derecelerine
isabet eden fidan sayisi, V=Skala degeri, Z=En
yiksek skala degeri, N=Degerlendirilen toplam fidan
sayisidir. Daha sonra elde edilen hastalik giddetleri
tizerine fungisitlerin yiizde etkisi, kontrole (sifir doz)
gore hesaplanmis ve boylece denemede kullanilan
fungisitlerin uckurutan hastaligina karsi etkisi
belirlenmigtir. Her bir fungisitin her bir doz igin 3
tekrar olmak tlzere her bir tekrar toplam 3 limon
fidam (Cesit: Kiitdiken) icermistir. Calisma tesadif
bloklar deneme desenine gore tasarlanmig ve bir kez
tekrarlanmagtir.

BULGULAR ve TARTISMA

Fungisitlerin in vitro Kogullarda P. tracheiphila'nin
Miselyal Geligimi Uzerine Etkileri

Denemeye alinan 11 farkli fungisitin 0,01-1000 ppm
arasinda degisen, kontrol (0.0) ile birlikte 14 farkh
konsantrasyonu PDA ortamina ilave edilmis, her bir
tek fungisit ya da fungisit komibnasyonu i¢in doz
artigina bagli olarak patojenin miselyal gelisiminde
farkli seviyelerde azalmalar oldugu goézlenmigtir.
Calismada kullanilan 11 fungisitin patojenin koloni
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geligimi uzerine etkileri genel olarak incelendiginde,
fungisit konsantrasyonlar1 arttikca fungal miselyal
gelismede azalma oldugu gorilmustir. Cizelge 1’de
yer alan fungisit veya fungisit kombinasyonlarinin
her biri ayr1 ayr1 degerlendirilmistir. Funguslarda
ergosterol biyosentezi inhibitéri olan strobulirin
grubu fungisitlerden azoxystrobin etkili maddeli
fungisitin 1 ppm tzerindeki dozlar1 fungal misel
gelisimi engellemeye baslamis, 250 ppm tizerindeki
uygulama dozlarinda ise goézle goriilebilir derecede
misel gelisiminde engelleme olusturmustur (Cizelge 2
ve 3). 1000 ppm  konsantrasyonunda P
tracheiphilanmin miselyal gelisimini % 70.6 oraninda
engellemistir (Cizelge 2 ve 3). Funguslarda ergesterol
biyosentez inhibitéri strobilurin ve bitkilerde
savunma mekanizmasinli uyaran Kkoruyucu etkiye
sahip quinone kombinasyonu olan dithianon (% 12) +
pyraclostrobin (% 4) fungisitlerin 14 farkli dozunun
etkisine bakildiginda, azoxystrobinde oldugu gibi 1
ppm tuzerindeki konsantrasyonlarda fungal geligimi
engellemeye baglamis, 250-1000 ppm araligindaki
konstrasyonlarda fungal miselyal gelisimi % 61.9dan
% 72.6'ya kadar degisen oranlarda engellemistir
(Cizelge 2 ve 3). Strobilurin ve carboximide
kombinasyonu olan pyraclostrobin (% 12.8) + boscalid
(% 25.2) fungisit konsantrasyonlarinin hepsi fungal
miselyal gelisimi engellemeye baslamistir. Ancak,
gozle gorulebilir dizeyde engelleme 25 ppm ve
uzerindeki uygulama dozlarinda goézlenmigtir. Bu
fungisitlerin en yiiksek uygulama dozunda (1000
ppm) miselyal gelisim %100 oraninda engellenmistir
(Cizelge 2 ve 3). Funguslarda metionin biyosentezini
engelleyen pirimidin ve bitkide ozmotik sinyal
uretiminde MAP histidin kinaz enzimini tesvik eden
koruyucu etkiye sahip pyrrol kombiasyonu olan
cyprodinil (375 g kg-1) + fludioxonil (250 g kg-1)
fungisit kombinasyonu, denenen fungisitler icerisinde
en etkili bulunmus olup, 5ppm ve lzerindeki
uygulama konsantrasyonlarinda fungal miselyal
gelisimi % 100 engellenmigtir (Cizelge 2 ve 3).
Suksinat dehidrogenaz inhibitérii (SDHI) pyrazole-4
carboxamide  ve  triazol = kombiasyonu  olan
fluxapyroxad (75 g L-1) ve difenoconazole (50 g L-1)
kombinasyonunun 14 farkli dozunun etkisine
bakildiginda, 0.01 ppm konsantrasyonlarda fungal
gelisimi  engellemeye baglamig, 100-1000 ppm
araligindaki  konstrasyonlarda fungal miselyal
gelisim % 100 engellenmistir (Cizelge 2 ve 3). Iki adet
triazol etkili madde grubu iceren propiconazole (150 g
L-1) + difenoconazole (150 g L-1) kombinasyonunun
14 farklh uygulama dozunun etkisine bakildiginda,
0.01 ppm tzerindeki konsantrasyonlarda fungal
miselyal gelisim engellenmeye basglanmis, 100-1000
ppm araligindaki konstrasyonlarda miselyal gelisim
% 69.0dan % 100e kadar degigsen aralikta
engellenmistir (Cizelge 2 ve 3). Triazol grubu olan
fenbuconazole (50 g L-1) ile metconazole (60 g L-1)
fungisitlerin 14 farkli dozunun etkisine bakildiginda,
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Cizelge 2. In vitro kogullarda fungisit kombinasyonlarinin farkli dozlarinin P. tracheiphila radyal miselyal gelisimine etkisi
Table 2. The effect of different doses of fungicide combinations on P. tracheiphila radial mycelial growth in vitro condition

.. ) Uygulama Dozlar (ppm)
7 Fungls;tzé Al.(tlf.Madg? Application doses (ppm)
ungicide / Active ingredients | o, 0.01 005 0.1 0.5 1 5 10 25 50 100 250 500 1000
Koloni Cap1 (mm)

Radial Growth (mm)

42.0+ 42.0+ 42.0 + 420+ 420+ 400+ 378+ 350+ 32.7= 30.3+ 28.7+ 16.5 + 14.5 + 12.3 +

: -1
Azoxystrobine (250 g L") 0.000 0.000g 0.000e 0.000f 0.000h 0.000g 0.166g¢ 0.000g 0.166h  0.440 f 0.440h 0.500f 0.288d 0.333d

Boscalid (%25.2) + 420+ 372+ 35.0 + 35.5 33.2+ 31.8+ 278+ 232+ 202+ 16.8+ 13.2+ 8.0+ 6.0 + 0.0+
Pyraclostrobin (%12.8) 0.000 0.726cd 0.000 ¢ 0.288¢ 0.166d 0.333d 0.166c¢ 0.166¢c 0.166¢ 0.440c 0.600 c 0.000c 0.000c 0.000 a
Cyflufenamid (%3.4) + 42.0+ 36.3% 33.5+ 32.0+ 30.0+ 252+ 202+ 175+ 133+ 10.0+ 8.0+ 7.0+ 0.0+ 0.0+
Triflumizole (%15) 0.000 0.333¢ 0.288b 0.000b 0.000c .440c 0.440b 0.288b 0.333Db 0.000b 0.000b 0.000b 0.000a 0.000 a
Cyprodinil (%37.5) + 420+ 320+ 27.2 £ 24.7 + 200+ 7.7+ 0.0+ 0.0+ 0.0+ 0.0 + 0.0 + 0.0 + 0.0 + 0.0 £
Fludioxonil (%25) 0.000 0.000a 0.440a 0.166a 0.000a 0.166a 0.000a 0.000a 0.000 a 0.000a 0.000a 0.000a 0.000a 0.000 a
Difenoconazole (50 g L'1) + 42.0+ 35.0=% 33.0 + 32.0+ 277+ 21.2+ 193+ 162+ 120+ 8.7+ 0.0+ 0.0+ 0.0+ 0.0+
Fluxapyroxad (75 g L'1) 0.000 0.000 b 0.000 b 0.000b 0.333b 0.166b 0.333b 0.166b 0.000 b 0.666b 0.000 a 0.000a 0.000a 0.000 a
Difenoconazole (150 g LY+ 420+ 37.8% 36.8 £ 36.0 £ 33.7+ 322+ 300+ 26.0 22.2 + 19.2+ 13.0+ 0.0+ 0.0+ 0.0 +
Propiconazole (150 g L) 0.000 0.166de 0.166d 0.000c 0.166d 0.166d 0.000d 0.000d 0.440 cd 0.927d 0.000 ¢ 0.000a 0.000a 0.000 a
Dithianon (%12 ) + 420+ 420+ 41.0 + 39.8 £ 377+ 36.0+x 330+ 32.0 28.0 £ 245+ 22.0=x 16.0 = 14.0 = 11.56+
Pyraclostrobin (%4) 0.000 0.000 g 0.577 e 0.440e 0.166g 0.000f 0.000f 0.000f 0.000 fg 0.288 ¢ 0.000f 0.000f 0.000d 0.288d

Fenbuconazole (50 g L1) 42.0+ 39.0 = 38.0 + 38.0 + 36.0+ 35.0+ 32.0+ 29.3 £ 26.0 £ 21.0+ 180+ 10.0 £ 7.0+ 0.0+
0.000 0.000ef 0.000d 0.288d 0.000f 0.000f 0.000ef 0.333e 0.000 ef 0.000d 0.000 e 0.000d 0.000c 0.000 a
Bakir hidroksit (%35 metalik 42.0+ 420 = 42.0 + 42.0 £ 420+ 403+ 36.0+ 323+ 29.7+ 287+ 26.3+ 20.3 £ 17.0 + 9.3+
bakira egdeger) 0.000 0.000g  0.000e 0.000 f 0.000h 0.333g 1.154g 0.881f 1.333¢g 0.333 f 0.666g 0.333g 1.000e 0.333c
. 420+ 39.0 £ 38.0 = 37.3 £ 36.0+ 35.0+ 30.0+ 27.0 + 24.0 + 21.0+ 17.0=x 12.0 = 7.0+ 4.0 +
Metconazole (60 g L'1)
0.000 0.000ef 0.000d 0.166 d 0.000f 0.000f 0.000d 0.000d 0.000 de 0.000d 0.000de 0.000e 0.000c 0.000b
420+ 39.2+ 37.8 36.2 + 35.0+ 33.7+ 310+ 30.0 25.0 20.0+ 16.0x 7.0+ 4.0 + 0.0 +
0.000 0.166 f 0.166 d 0.166 ¢ 0.000e 0.440e 0.000de 0.000e 0.000 e 0.000d 0.000 d 0.000b 0.000b 0.000 a

Degerler her aktif bilesen icin ii¢ tekrarin ortalamasidir (Ortalama + Standart hata). Siitunlarda aym harfe sahip ortalamalar, Tukey's HSD coklu karsilagtirma
testine (P=0.05) gére bir birinden farklidir.

Tebuconazole (%25)
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Cizelge 3. In vitro kogullarda fungisit kombinasyonlarinin farkli dozlarimin P. tracheiphila miselyal gelisimini % engelleme orani (Ortalama + SH).
Table 3. Percentage of inhibition rate of P. tracheiphila mycelial growth of different doses of fungicide combinations in vitro condition (Mean + Std. Err.)

Fungisit / Aktif Madde Uygulama Dozlan (ppm) Application doses (ppm)

Fungicide / Active ingredients 59 001 0.05 0.1 0.5 1 5 10 25 50 100 250 500 1000
Engelleme orani (%)
Inhibition rate (%)
00+ 00+ 00+ 00+ 48+ 99+ 167+ 222+ 278+ 317+ 60.7+ 655+ 70.6+
0.000 0.000 0.000 0.000 0.000 0.400  0.000  0.400 1.058 1.026 1.200  0.692  0.800

Azoxystrobine (250 g L'1)

Boscalid (%25.2) + Pyraclostrobin ~~ 11.5+ 167+ 155+ 21.0+ 242+ 33.7% 44.8 + 52.0 £ 59.9 + 68.7 + 81.0+ 85.7+ 100.0 =
(%12.8) 1.743 0.000 0.692 0.400 0.800 0.400 0.400 0.400 1.058 1.409 0.000 0.000 0.000
Cyflufenamid (%3.4) + 135+ 202+ 238+ 286+ 401+ 520+ 58.3 £ 68.3 £ 76.2 + 81.0+ 83.3 100.0+ 100.0 +
Triflumizole (%15) 0.800 0.692 0.000 0.000 1.058 1.058 0.692 0.766 0.000 0.000 0.000 0.000 0.000
Cyprodinil (%37.5) + Fludioxonil =~ 23.8+ 353+ 413+ 524+ 81.7+ 1000+ 100.0+ 1000+ 100.0+ 100.0+ 100.0+ 100.0+ 100.0=
(%25) 0.000 1.058 0.400 0.000 0.366 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Difenoconazole (50 g L'?) + 167+ 214+ 238+ 341+ 496+ 54.0=+ 61.5+ 71.4 + 79.4 = 100.0+ 100.0+ 100.0+ 100.0=+
Fluxapyroxad (75 g L'1) 0.000 0.000 0.000 0.800 0.400 0.800 0.400 0.000 1.600 0.000 0.000 0.000 0.000
Difenoconazole (150 g ') + . 99+ 123+ 143+ 198+ 234+ 286+ 38.1+ 47.2 + 54.4 + 69.0 £ 100.0+ 100.0+ 100.0+
Propiconazole (150 g L'1) 0.400 0.400 0.000 0.400 0.400 0.000 0.000 1.058 2.206 0.000 0.000 0.000 0.000
Dithianon (%12 ) + Pyraclostrobin 0.0+ 24+ 52+ 103+ 143+ 214+ 23.8+ 33.3 + 41.7+ 47.6 £ 61.9+ 66.7 + 72.6 +
(%4) 0.000 1.385 1.026 0.400 0.000 0.000 0.000 0.000 0.692 0.000 0.000 0.000 0.692

Fenbuconazole (50 g L) 7.1+ 9.5+ 9.5+ 143+ 16.7+ 23.8=% 30.2 £ 38.1+ 50.0 £ 57.1+ 76.2 £ 83.3 = 100.0 =
0.000 0.000 0.692 0.000 0.000 0.000 0.800 0.000 0.000 0.000 0.000 0.000 0.000

Bakir hidroksit (%35 metalik 0.0 0.0+ 0.0+ 0.0+ 4.0+ 14.3 + 23.0+ 294+ 31.7+ 37.3 £ 51.6 £ 59.5 77.8 +

makira esdeger) 0.000 0.000 0.000 0.000 0.800 2.742 2.116 3.166 0.766 1.600 0.800 2.400 0.800

7.1+ 9.5+ 11.1+ 143+ 167+ 283+ 35.7+ 429+ 50.0 + 59.5 + 71.4 + 83.3 + 90.5 +
0.000 0.000 0.400  0.000  0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

6.7+ 9.9+ 139+ 16.7+ 198+ 26.2+ 28.6 = 40.5 52.4 + 61.9+ 83.3 90.5 + 100.0 =
3.666 0.400 0.400  0.000 1.026 _ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Metconazole (60 g L'1)

Tebuconazole (%25)
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diger triazol gruplarinda oldugu gibi 0.01 ppm
konsantrasyonlarinda fungal miselyal geligimi
engellemeye baslamis, 250 -1000 ppm araligindaki
konstrasyonlarda ise engelleme etkisi sirasiyla % 76.2
— 100 ve %71.4 — 90.5 olmustur. Metconazole miselyal
gelisimi engellemede % 100 basar1 saglamamigtir.
Ayn sekilde triazol grubu olan tebuconazole (% 25)
fungisitinin 14 farkli dozunun etkisine bakildiginda,
diger triazol gruplarinda oldugu gibi 10 ppm
tuzerindeki konsantrasyonlarda fungal miselyal
gelisim fark edilebilir oranda engellenmeye baglamis,
500-1000 ppm araligindaki konsantrasyonlarda ise %
100 bagar1 saglamistir.

Imidazole grubu cyflufenamid (% 3.4) + triflumizole
(%15) fungisit kombinasyonunun farkli uygulama
dozunun etkisine bakildiginda, 500 ppm ve
tizerindeki konsantrasyonlarda fungal miselyal
gelisim % 100 engellenmistir (Cizelge 2 ve 3).

Bakirli fungisitler grubundan olan bakir hidroksitin
(%35 metalik bakira esdeger) 14 farkli dozunun
etkisine bakildiginda, sadece 250 ppm tuzerindeki
uygulama dozlarinda fungal miselyal gelisimin
baskilandigr gorulmektedir. Bununla birlikte en
yiiksek uygulama dozunda (1000 ppm) miselyal
gelisim % 59.52 oraninda  baskilanmistir.
Azoxystrobin (250 g L-1), bakir hidroksit (%35

metalik bakira egdeger) ve dithianon (% 12) +
pyraclostrobin (% 4) fungisit kombinasyonunun ECso
degerleri incelendiginde, azoxystrobinin (250 g L-1)
ECs0 degerinin en yiiksek (196.20 ppm) oldugu bunu,
173.30 ppm ile ruhsath fungisit olan bakir hidroksitin
ve 103.78 ppm ile dithianon (% 12) + pyraclostrobin
(% 4) fungisit kombinasyonlarinin  izledigi
goriilmektedir (Cizelge 4). Bu ii¢c fungisit ve
kombinasyonun ECso degerleri yuksek oldugundan en
az etkiye sahip fungistler olarak belirlenmigtir. Diger
taraftan ECso degerleri ¢ok daha dusik dozlarda
(27.11 ve 26.79 ppm) olan metconazole (60 g L-1) ve
fenbuconazole (50 g L-1)iin P. tracheiphilanin misel
gelisimini engellemede istatiksel olarak benzer etkiye
sahip oldugu saptanmistir (Cizelge 4). Tebuconazole
yukarida sozkonusu edilen iki fungiste gore daha
etkili oldugu ECso degerinin 18.29 ppm
konsantrasyonunda saptanmistir. Cyprodinil (375 g
kg-1 )+ fludioxonil (250 g kg-1), ECso degeri 0.12
ppm’lik doz kullanimiyla denemede c¢alisilan diger
fungisitler icerisinde en etkili sonu¢ veren fungisit
oldugu, bunu 1.23 ppm ile difenoconazole (50 g L-1) +
fluxapyroxad (75 g L-1) kombinasyonunun takip ettigi
ikinci en etkili fungisit kombinasyonu oldugu
istatiksel olarak da dogrulanmistir.

Cizelge 4. In vitro denemelerde P. tracheiphila’ya kars: kullanilan fungisitlerin EC50 Degerleri
Table 4. EC50 Values of fungicides used against P. tracheiphila in in vitro experiments

Aktif maddeler / Fungisitler ECso degerleri (ppm)
Active ingredients (a.1) / Fungicides ECso value
Cyprodinil (375 g kg-1) + Fludioxonil (250 g kg-1) 0.12 +0.001a
Difenoconazole (50 g 1.-1) + Fluxapyroxad (75 g L-1) 1.23 +0.034 a
Cyflufenamid (% 3.4) + Triflumizole (%15) 2.37 +0.038 a
Difenoconazole (150 g Li-1) + Propiconazole (150 g L-1) 8.97 +0.017 ab
Boscalid (% 25.2) + Pyraclostrobin (% 12.8) 9.58 +0.496 ab
Tebuconazole (% 25) 18.29 +0.133 be
Fenbuconazole (50 g L-1) 26.79 + 0.346 ¢
Metconazole (60 g L-1) 27.11 + 0.086¢
Dithianon (%12) + Pyraclostrobin (% 4) 103.78 £ 2.367d
Bakir Hidroksit (%35 metalik bakira egdeger) 173.30 + 8.294 ¢
Azoxystrobin (250 g L-1) 196.20 + 2.478 f

Degerler her aktif bilesen i¢in ii¢ tekrarin ortalamasidir (Ortalama + Standart hata). Siitunlarda aym harfe sahip ortalamalar, Tukey's HSD

coklu karsilagtirma testine gére bir birinden farkl degildir (P=0.05)

Values are mean (Mean + Standart error) of three replicates for each active ingredient. Means with the same letter in a column are not
significantly different according to Tukey’s HSD multiple comparison test (P=0.05).

Fungal miselyal gelisimi baskilamada tim
uygulama dozlar1 géz éniinde bulunduruldugunda,
en az etkili fungisitin ECso degeri 196.20 ppm ile
azoxystrobin oldugu, bunu ikinci en az etkili ECso
degeri 173.30 ppm ile ruhsatli koruyucu
fungistlerden bakir hidroksitin oldugu
gorilmektedir. Strobilurin grubu fungisitler tek
basina kullanildiginda bu fungusun gelisimini
yeterince baskilayamadigr gorilmustir. Aym
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sekilde bakir hidroksitte fungal misel gelisimini
durduramamistir. Ayrica bakir hidroksitin ¢ok
distik konsantrasyonlarinda ¢ok sayida P
tracheiphila piknidiumlar1 gelismistir (piknidium
sayimlar: yapilmamistir).

Fungisitlerin Sera Kosullarinda P. tracheiphila'ya
Karg Etkisi

Cam serada 21 + 2 °C sicaklik ve nemli ortamda
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patojen ile inokulasyonda 6 hafta sonra, fungisitlerin
etkinligini 6lgmek amaci ile dallar tepeden 50 cm
uzunlugunda kesilmig ve gévde kabuk dokusu
kaldirilmis ve etmenin varhigimi goésteren iletim
demetinde olusan turuncu renklenmenin uzunlugu
milimetrik 6l¢ilmistir. Limon fidanlarinin goévde
nekroz uzunluklar: ve uygulanan fungisit dozlarin %
engelleme oram1 Cizelge 5de ve Sekil 1de
gosterilmigtir. Cizelge 5.de goéruldugi gibi in wvitro

kosullarda en etkili bulunan cyprodinil (375 g kg-1) +
fludioxonil (250 g kg-1) fungisit kombinasyonunun
100 ppm dozunun uygulandig1 fidanlarda nekroz
uzunlugu 6 hafta icerisinde 20.3 mm tepeden asag:
dogru ilerlerken (Cizelge 5) (Sekil 2A), fluxapyroxad
(75 g L-1) + difenoconazole (50 g L-1)
kombinasyonunun 100 ppm dozunda nekroz
uzunlugu 29.7 mm ile daha fazla nekroz gelismistir
(Sekil 1B).

Cizelge 5 P. tracheiphila ile inokiile edilen Kitdiken limon fidanlarina 3 farkli fungisitin 4 farkli dozu
uygulandiktan 6 hafta sonra limon fidanlar1 gévdesindeki nekroz uzunluklari ve fungisitlerin %

engellenme oranlar:

Table 5. Length of necrosis on the stem of Kutdiken lemon trees infected with P. tracheiphila 6 weeks after

application of 4 different doses of 3 different

fungicides and inbition rate (%) of fungicides

Uygulama dozlar1 (ppm)
Fungisitler /Aktif maddeler Application doses (ppm)
Fungicides / Active ingredients 0 | 25 | 50 | 75 | 100
Nekroz uzunlugu (mm) (Necrosis length (mm))
Cyprodinil (%37.5) + Fludioxonil ( %25) 54.3+6.984 | 45.3a+0.333 | 36.0 a+ 3.055 | 31.0 a +4.509 | 20.3 a + 2.603
Fluxapyroxad (75 g L-1) + Difenoconazole (50 g L-1) | 54.3+6.984 | 51.5b+0.288 | 46.0b+2.081 | 36.5a = 1.755 | 29.7b + 0.881
Bakir hidrosit (%35 metalik bakira esdeger) 54.3+6.984 | 53.3c¢=0.333 | 52.5b+0.763 | 51.3b = 0.881 | 49.0 ¢+ 1.000
Uygulama dozlar1 (ppm)
Fungisitler /Aktif maddeler Application doses (ppm)
Fungicides / Active ingredients 0 | 25 | 50 | 75 | 100
Engelleme orani (%) (Inhibition rate (%))
Cyprodinil (%37.5) + Fludioxonil (%25) 16.6+0.613 | 33.7+5.622 | 429+8299 | 62.6+4.791
Fluxapyroxad (75 g L-1) + Difenoconazole (50 g 1.-1) 5.2 +0.531 15.3+3.831 | 32.8+3.231 | 45.3+1.623
Bakir hidrosit (%35 metalik bakira esdeger) 1.8+0.613 3.3 +1.405 5.5 +1.623 9.8 +1.840

Degerler her aktif bilesen icin iic tekrarin ortalamasidir (Ortalama + Standart hata). Siitunlarda aym harfe sahip

ortalamalar, Tukey's HSD ¢oklu karsilagtirma testine gore b

ir birinden farkl degildir (P=0.05).

Values are mean of three replicates for each active ingredient (Mean + Standart error). Means with the same letter in a
column are not significantly different according to Tukey’s HSD multiple comparison test (P=0.05).

Diger taraftan, ruhsatli % 35 metalik bakira esdeger
bakir hidroksit uygulamasinda 49 mm nekroz
uzunlugu 6lciilmiis  olup (Sekil 1C), fungisit
uygulanmamis fidanlardaki nekroz uzunluguna (54.3
mm) yakin bir sonu¢ vermistir (Sekil 1D). Bununla
birlikte hi¢ fungisit ugulanmamig fidanlarin iletim
demetlerinde renklenme daha koyu kahverengilegsme
seklinde geligsmistir. ECs0 degeri dustk ikinci en etkili
fungisit kombinasyonu (75 g L-1 fluxapyroxad + 50 g
L-1 difenoconazole)’nun en yiiksek dozunun, 100 ppm
uygulandigi fidanlarda nekroz uzunlugu ise 29.7 mm
olarak olciilmiistiir (Cizelge 5; Sekil 1B).

Bakir hidroksit (%35 metalik bakira esdeger)in en
yiksek dozunun uygulandigi fidanlarda nekroz
uzunlugu ise 49 mm (Cizelge 5; Sekil 1C,) olup, hic
fungisit uygulanmamig pozitif kontroldeki 54.3 mm
nekroz uzunlugu(Cizelge 5; Sekil 1D) ile en yakin
olmustur. Sera kogullarinda fungisit uygulama
sonuglarina bakildiginda, in vitro kosullarinda elde
edilen radyal misel gelisim engellenme oranlarina
gore fungisitlerin etkileri daha az diizeyde olmustur.
Bu durum, patojenin trakeomikoz etmen oldugu i¢in
bitki ylizeyine uygulanan lokal sistemik fungisitlerin

sadece uygulanan yerde etkisi gosterip bitki
icerisinde iletim demetleri ile yukariya dogru hareket
etmedigini gostermektedir. Sistemik etkili
fungisitlerin  hastaligni =~ engelleme  yuzdelerine
bakildiginda dogal olarak en diisiik nekrozun gelistigi
fungisit  kombinasyonu uygulamasi %  etki
bakimindan en etkili olarak saptanmistir. Buna gore
cyprodinil (375g kg-1 )+ fludioxonil (250 g kg-1)
kombinasyonunun 100 ppm dozu fungusu % 62.6
oraninda engellemistir (Cizelge 5). Bunu sirasiyla
fluxapyroxad (75 g L-1 ) + difenoconazole (50 g L-1)
fungisit kombinasyonu % 45.3 ile bakir hidroksit(%35
metalik bakira esdeger) ise %9.8 engelleme oram ile
takip etmistir. Fungisitlerin normal dozlan
uygulandiginda ise hastalik engelleme oranlari
sirasiyla % 33.7, % 15.3 ve % 3.3 olarak saptanmistir.
Fungal gelisimi baskilamada higbir fungisist % 100
etkili olamamaigtar.

Sera kosullarda fungisit uygulama sonuglarina gore,
cyprodinil (375g kg-1) + fludioxonil (250 g kg-1) etkili
maddelerin en diisilk dozu (25 ppm) uckurutan
hastalik gelisimini % 16.6 oraninda engellerken en
yilkksek dozu (100 ppm) % 62.6 oraninda engelleyici
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etki gostermigtir. Farklh etkili maddeli fungisitlerde
uygulama dozlar1 arasinda istatistiksel olarak farklar
tespit edilmigtir. Genel degerlendirme yapildiginda

ise bu azaltic1 etkinin artan dozlarla alakali oldugu
aciklanabilir (Cizelge 4).

Sekil 1. P. tracheiphila spor siispansiyonu ile inokiile edilmis Kiitdiken limon fidanlarinda fungistlerin 100 ppm
dozlarimin etkisi (A: cyprodinil (375 g kg-1) + fludioxonil (250 g kg-1), (B: fluxapyroxad (75 g L-1) +

difenoconazole (50
uygulanmamaisg)

g L-1, (C: bakir hidroksit (%35 metalik bakira egsdeger)) ve (D: fungisit

Sekil 1. Effect of 100 ppm doses of fungicides on Kiitdiken lemon seedling inoculated with Phoma tracheiphila
spore suspension (A’ cyprodinil (375 g kg-1) + fludioxonil (250 g kg-1), (B: fluxapyroxad (75 g L-1) +
difenoconazole (50 g L-1, (C' copper hydroxide (%35 equivalent to metallic copper) ve (D: no fungicide

applied)

Sera sgartlarinda uygulanan fungistlerin dozlan
arttirildikga hastalik sgiddetinde azalmaya neden
olmustur (Sekil 2). Bu durum bakir hidroksitin en
yiksek dozu ile diger fungist kombinasyonlarin en
yiiksek dozlar1 (100 ppm) karsilastirildiginda
cyprodinil (375g kg-1) + fludioxonil (250 g kg-1)
kombinasyonunda hastalik siddeti % 13,
fluxapyroxad (75 g L-1 ) + difenoconazole (50 g L-1)
kombinasyonunda % 20 ve bakir hidroksit (% 35
metalik bakira egdeger) uygulamasinda ise % 40
seviyesinde gerceklesmigtir.

Fungisitlerin farkli dozlarimin fidanlar tizerinde belli
seviyelerde hastalik siddeti olusturmustur. Buna
gore; cyprodinil (375 g kg-1) + fludioxonil (250 g kg-1)
fungisitinin en dusiik dozu % 20.0 ve en yuksek dozu
% 55.6 seviyesinde hastalik siddeti tizerine etki
gosterirken, fluxapyroxad (75g L- 1) + difenoconazole
(50 g L-1) % 40 ve % 26 siddetinde, ruhsath bakir
hidroksit (% 35 metalik bakira esdeger) ise % 13.3 ve
% 28.9 arasinda en hastalik siddeti tizerine etki
gostermigtir.
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Sistemik  fungisitlerin  dinyada  kullanilmaya
baglamasi ile mal secco (MSD), Uckurutan
hastaligina karst Elia (1969), turunc fidanlarim P.
tracheiphila ile yapay inokule ederek hastalandirmis
ve benomyl uygulamasi ile fidanlarda hastalik
gelisimini ve simptom olugsumunu engelledigini rapor
etmistir. Perrotta ve ark., (1970) thiabendazole ve
vitavaxt In vitro ve in vivo denemelerde turung
fidanlarinda kullanmiglar ve Elia (1969), ile benzer
sonuglar1 almiglardir. Bu arastiricilarda benomylin
etkisini hem 1n wvitro hem de ac¢ik alan fidan
denemeleri ile dogrulamiglardir. Salerno ve Somma
(1971), fungisit absorpsiyonunun kékler, yapraklar ve
korteks yoluyla gerceklestigini, bitki, dokularinda
translokasyonun apoplast yoluyla gerceklestigini ve
fungisitin tacin ust kisimlarinda ve yapraklarin ug
kenarlarinda biriktigini bildirmiglerdir. Ugkurutan
ile miucadelede benomyl veya methyl-thiophanate
sistemik fungisitlerin 5 ay boyunca toprak ve yesil
aksam ilaglamasi olarak kullanilmasi gerektiginden,
fungisit bitki vejetatif kisimlarinda, yaprakta ve
meyvede en ust seviyede birikmekte, diger taraftan
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patojenin lokalize oldugu ksilem iletim demetinde hig

kadar cok diisiikk miktarda birikmektedir (Somma ve

birikmemekte, kabuk dokusunda ise yok denecek ark., 1978).
Hastalik siddeti {izerine fungisitlerin etkinligi (%)
Impact of fungicides on Disease severity (%)
80,0 55.6
70,0 -
60,0 -
~
<< 50,0 -
8
28 40,0 -
i
S 30,0 -
20,0 -
10,0 - i '
0,0 -
25 75 ‘ 100 25 100 25 100
Cyprodinil (375g kg-1) + Fluxapyroxad (75g L-D+ Bakir Hidroksit (% 35
Fludioxonil (250 g kg-1) | Difenoconazole (50 g L-1) | Metalik Bakira Egdeger)

Sekil 2. Sera kogullarinda P. tarcheiphila ile yapay olarak inokiile edilen Kutdiken limon fidanlarina uygulanan
3 farkli fungisit kombinasyonunun farkli dozlarinin hastalik siddetine % etkisi. Dikey cizgiler standart

hatay1 gosterir.

Figure 2. The effect of different doses of three different fungicide combinations on diseases severity of Kiitdiken
lemon seedling inoculated with P. tracheiphila in greenhouse condition. Vertical lines represent the

standard errors of the means.

Sistemik fungisitlerden benzimidazol grubu
thiabendazole limon gévdelerine injekte edildiginde
uygulama yerinden 175 cm’lik mesafeye dagilmis,
benomyl ise kigin 300 cm, yazin ise 150 cm injeksiyon
noktasinda yukariya c¢ikmis ve patojen gelisimini
durdurmustur (Solel ve ark., 1977). Tiirkiye’de, Ding
ve ark., (1981) ise benomyli ekim, aralik ve mart

aylarinda yesil aksam ilaclamasi olarak
kullandiklarinda P. tracheiphila’yi baskiladiginmi

kabuklu bit olmasi durumunda bu fungisite % 1.5
beyaz yag ilave ederek uygulanmasini énermiglerdir.
Ancak, bu fungisitlerin uzun stireli kullanimlar
dallarda  dikenlerin  ag¢tig1  yaralardan  yeni
infeksiyonlarin olmasi durumunda hastaligi kontrol
edememigtir. Diger taraftan sistemik fungisitlerin
uzun sureli kullaniminin daha dayanikli irklarin
gelismesine neden oldugu bildirilmistir (Gimenez-
Verdu ve Luisi, 1978). Nitekim benomyl'in kullanimi
Turkiye’de uckurutan ile micadelede kullanimi 2011
yilinda yasaklanmistir (Anomim, 2011).

SONUC ve ONERILER

Sera kogullarinda fungisit uygulamalarinin patojenin
bitkide geligimini tamamen baskilamadigini, ancak
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patojenin iletim demetlerinde ilerlemesini
yavaglattigini  gostermistir. Bu durumda limon
ureticilerinin temmuz ve agustos aylarinda agaclarda
temiz budama ve koruyucu fungisitlerle entegre
micadele programi ve bunlarin arasina biyolojik
preparatlar: da girdirerek toprak yapisini iyilestirme
ve bitkinin savunma mekanizmasinm1 tegvik edici
uygulamalarla miicadele programlarinin
desteklenmesi 6nerilmektedir (Nigro ve ark., 2011;
Ozdemir, 2019). Bu patojene karsi sistemik
fungisitler 6nerilmedigi i¢in limon agaglarinda faydali
endofit  mikroorganizmalarin da  saptanmasi,
saflagtirilmasi ve diger faydali mikroorganizmalarla
kombine edilerek uckurutan ile miicadeleye dahil
edilmesi saglanmalidir (Kalai-Grami ve ark., 2014).
En o6nemlisi hastaliga karsi dayanikli limon cesit
1slah programlari uzerinde stirdirulebilir
calismalarin baglatilmas: gerekmektedir.
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Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki
olduklarini beyan eder.

saglamig

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catismasi olmadigini beyan ederler.
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ABSTRACT Plant Protection

Gray mold agent Botrytis cinerea (teleomorph: Botryotinia fuckliana

(de Barry) Whetzel) causes significant yield losses in many Research Article
economically important vegetables. Chemicals are used in the control

to reduce yield loss. As a result of the intensive use of chemicals in the Article History

control of plant diseases, human health and the environment are Received 1 18.06.2021
adversely affected. Therefore, interest in environmentally friendly Accepted 114.10.2021
control practices has increased recently. One such application is the

use of benefical bacteria in the biological control of diseases. In this Keywords

study; biocontrol potentials of 12 bioagent bacteria strains (1 Bacillus Bacteria

cereus, 2 Bacillus megaterium, 2 Bacillus pumilus, 2 Bacillus subtilis, Biological control

1 Bacillus thuringiensis subsp. kurstaki, 1 Paenibacillus polymyxa, 2 Botrytis cinerea

Pantoea agglomerans and 1 Pseudomonas fluorescens) have been Gray mold

determined against gray mold disease agent B. cinerea on eggplant in Eggplant

vitro and in vivo. Pseudomonas chlororaphis supsp. aurofaciens and
Bacillus amyloliquefaciens, which were the most efficient strains
found 1n vitro conditions, were also effective against B. cinerea in vivo.
In conclusion, it was determined that two most effective bacterial
strains could be used as a biocontrol agent in the biological control of
B. cinerea in eggplant growing.

Patlicanda Kursuni Kiif Hastalig1 (Botrytis cinerea) Uzerine Bazi Bakteriyel 1zolatlarin in vitro ve in
vivo Kogullarda Biyolojik Miicadele Etkinliklerinin Aragtirilmasi

OZET Makale Konusu
Kursuni kif etmeni DBotrytis cinerea (teleomorph: Botryotinia Bitki Koruma
fuckliana (de Barry) Whetzel) ekonomik 6neme sahip bircok sebzede

6nemli verim kayiplarina neden olmaktadir. Verim kaybini azaltmak Aragtirma Makalesi

icin micadelede kimyasallar kullanmilmaktadir. Kimyasallarin bitki
hastaliklar1 micadelesinde yogun sekilde kullanilmasi sonucu, insan
saghgr ve cevre olumsuz etkilenmektedir. Bundan dolayr son
zamanlarda c¢evre dostu miicadele uygulamalarina ilgi giderek
artmigtir. Bu wuygulamalardan birisi de faydali bakterilerin
hastaliklarin biyolojik miicadelesinde kullanilmasidir. Bu ¢alismada;
12 biyoajan bakteri izolatimin (1 Bacillus cereus, 2 Bacillus
megaterium, 2 Bacillus pumilus, 2 Bacillus subtilis, 1 Bacillus
thuringiensis subsp. kurstaki, 1 Paenibacillus polymyxa, 2 Pantoea
agglomerans ve 1 Pseudomonas fluorescens) pathcanda kursuni kif
hastaligina neden olan B. cinerea uzerine etkisi in vitro ve in vivo
sartlarda belirlenmeye calisilmigtir. /n wvitro sartlarda en etkili
izolatlardan olan Pseudomonas chlroraphis subsp. aureofaciens ve
Bacillus amyloliquefaciensin B. cinerea¥ya kars1 in vivo sartlarda da
etkili oldugu tespit edilmistir. Sonu¢ olarak; en etkili bulunan 2
bakteri izolatinin patlican yetistiriciliginde B. cinereainin biyolojik
miicadelesinde  biyokontrol ajan1  olarak  kullanilabilecegi
belirlenmigtir.
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INTRODUCTION defense elicitor compounds they produce (Haidar et al.,

Botrytis cinerea is one of the most common studied
fungal pathogens, causing gray mold rot in more than
500 plant species (Williamson et al., 2007). This
pathogen has adverse effects on a variety of
economically important crops and is classified as the
important plant fungal pathogen (Dean et al., 2012).
The annual economic losses of B. cinerea easily exceed
$ 10 billion worldwide (Weiberg et al., 2013). Jiang and
Liu (2015) stated that gray mold (Botrytis) is a
common fungal disease in eggplants, reducing the
production by 20-30%.

B. cinerea has a wide host range, various attack modes,
and both sexual and asexual stages to survive in
suitable or unsuitable conditions (Fillinger and Elad,
2016). Conidia (asexual spores) of B. cinerea are easily
spread by wind or water (Brandhoff et al., 2017). To
date, the primary means of controlling gray mold has
remained as the application of synthetic fungicides,
which may account for about 8 percent of the entire
global fungicide market, with annual global
expenditures on Botrytis control often exceeding € 1
billion (Dean et al., 2012). However, the controlling
effects of fungicides on B. cinerea, whose plastic and
prone to develop chemical resistance genes, are
unsatisfactory (Droby et al., 2009; Kanetis et al., 2017).
Even though the utilization of chemicals seems to be
simple and successful in the short-term control against
the pathogen, it should not be disregarded that the
fungus develops resistance against chemicals in a
short time and sporulation rapidly occurs, in addition
to its permanent negative effects on human and
environmental health. For this reason, it is necessary
to either develop an alternative control method to
chemical control or to perform applications that would
enhance the effectiveness of this control method.
Today, with the increase of environmental awareness,
an increase in studies regarding putting forth the
negative effects of chemicals used in the control
against pathogens and the use of environmentally
friendly preparations in controlling diseases is
observed (Askin and Katircioglu, 2008; Soylu et al.,
2010; Laslo and Mara, 2019). The fact that some of
these environmentally friendly methods have been
made into preparations and have been started to be
used in many countries over the years is the best proof
that studies on biological controlling have been fruitful
(Uygun et al., 2010). In recent years, the use of plant
growth promoting bacteria (PGPB) strains for both
microbial fertilization and biological control has
increased (Ji et al., 2006). Bacterial antagonists
represent an important biocontrol option against
diseases caused by B. cinerea due to their rapid
development and the diversity of antifungal and
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2016).

In this study, it was aimed to develop environmentally
friendly bioagents that can be alternative to chemicals
in the control against gray mold and do not threaten
the health of humans and other organizms.

MATERIAL and METHOD

Material

Plant material, pathogenic fungus
potential biogenic bacteria strains

isolate and

Eggplant stems and fruit samples that were
demonstrating gray mold symptom were collected
during survey studies conducted in greenhouses in
Serik District of Antalya. B. cinerea ET 33 isolate was
obtained as a result of isolations from diseased
samples. Also, eggplant variety (cv. Berceste F1) was
used as the test plant. 12 bacteria strains were selected
as bioagents from the bacterial strains tested against
bacterial and fungal plant pathogens and pests in
previous studies from the Microorganism Culture
Collection at Ataturk University, Faculty of
Agriculture, Plant Protection Department (Table 1).

Methods
Isolation of fungal disease agent

Surface disinfection was applied to the samples
brought from the field in the laboratory. After, they
were placed in petri dishes containing Potato Dextrose
Agar (PDA) and left for incubation at 20-25 °C. Pure
cultures were obtained by taking hyphal discs in a
diameter of 4 mm from the tip of colonies that were
developed within 7-8 days, and transferring them to
petri dishes containing PDA. These isolates were then
transferred to the test tubes containing PDA, and were
preserved at +4 °C for the later stages of the study.

Pathogenicity test of fungal disease agent

Eggplant seedlings were planted in the soil that was
prepared with the mixture of organic matter-rich peat
and perlite in equal volume, and were kept in the plant
growth cabinet at 24 °C for 12-hour dark and 12-hour
light cycles. After the eggplant seedlings reached the
period of 3-5 leaves, 30 ul sterile water was given to
their stems via wounds opened 5 cm above the soil with
the help of a micropipette, and then micellar discs of 4
mm diameter, which were taken from the fungal
culture developed for 7-8 days, were placed in these
wounds. For controls, sterile water was similarly given
to the inflicted wounds, followed by the inoculation of
sterile PDA discs. The treated plants were kept in wet
polyethylene bags for 24 hours to obtain high humidity
at 25°C temperature.
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Table 1. Identification, hypersensitivity, nitrogen fixation, phosphate solubility and pathogenicity test results of bacterial bioagent strains used in this

study.
Cizelge 1. Calismada kullanilan biyoajan bakteri strainlerinin tanisi, agirl duyarlilik testi, azot fiksasyonu, fosfat ¢ozinirligli ve patojenite testi
sonuglari
Bacterial Isolated from MIS Results S* ITS results Accessed I(%) N P HR Reference
Strains number**
TV-87A  Sugar beet Bacillus megaterium 0.467 Bacillus amyloliquafaciens MN507862 95 + Erman et al., 2010
RK-79 Apple Pantoea agglomerans 0.762 - - + Gokce and Kotan,
2016
TV-67C Raspberry Bacillus pumilus 0.630 Erman et al., 2010
TV-17C  Raspberry Bacillus subtilis 0.677 + Cakmaka et al., 2010
TV-6F Wheat Bacillus subtilis 0.831 - - + Cakmaka et al., 2010
FDG-37  Soil Pseudomonas 0.222  Pseudomonas chlororaphis NR114473  98.7 + Karagoéz et al., 2016
fluorescens subsp. aureofaciens
RK-92 Pear Pantoea agglomerans 0.889 - + Gokce and Kotan,
2016
TV-91C  Wheat Bacillus megaterium 0.474 + Cig et al., 2014
TV-12E  Wheat Paenibacillus polymyxa 0.551 + Erman et al., 2010
BAB-410 Ricania Bacillus thuringiensis 0.620 « Goktiirk et al., 2018
simulans subsp. kurstaki
TV-125A  Sahlep Bacillus cereus 0.297 Cig et al., 2014
FD-9 Bemisia tabaci  Bacillus pumilus 0.620 In this study

*S: Similarity index, ** GenBank, I: Identification, N: Nitrogen fixation, P: Phosphate solubility, +: Positive reaction, -: Negative reaction, HR:

Hypersensitivity test
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The seedlings were taken from the moisture chamber
one day after the inoculation. Fourteen days after the
inoculation, the isolates were recovered through the re-
isolation from the parts demonstrating disease
symptoms, and thus Koch postulates were completed.

Molecular identification of fungal disease agent

Morphological diagnosis of ET 33 isolate developed in
PDA was made and molecular identification was made
using the ITS1 (5'TCC GTA GGT GAA CCT TGC GG
3 ) and ITS4 (5-TCCTCCGCTTATTGATATGC-3)
(White et al., 1990). After the obtained sequence data
were combined with the BioEdit program, they were
compared with the species found in the GenBank via
the program BLASTN + and sequence data entry was
performed (Table 1).

Identification of bacterial strain FD-9 by microbial
identification system (MIS) and hypersensitivity test

Fatty acid methyl esters of the FD-9 strain was
analyzed according to the standard protocol of the
Microbial Identification (= MIS, MIDI, Inc., Newark,
DE) system (Paisley, 1995). These tests were repeated
3 times, and the highest diagnostic result in terms of
percentage was considered as the definitive result.

The bacterial strain FD-9 was tested for
hypersensitivity on tobacco plants (Nicotina tabacum
L. var. Samsun) as described before (Klement, 1968).

Determination of in vitro antagonistic activities of
bacterial strains

For this purpose, a disc of 4 mm diameter was taken
from 5 days old active growing fungal culture and was
placed in the middle of the petri dishes containing
PDA. Putative antagonist bacterial strains, were
drawn on the edge of the petri with a swab, and were
left for incubation in the dark at 25 °C. As a control,
only pathogenic fungus with PDA was cultivated.
Measurements were made when the petri dishes
completely covered the fungal mycelium agar surface
in the control petri dish (Tozlu et al., 2018). The
inhibition percentage of the fungal colony growth by
bacterial bio control agent was calculated via the
utilization of the radial growth inhibition percentage
formula described by Wang et al. (2012).

Inhibition (%) = (C-T) x 100 / (C —6)

C: the diameter of the mycelial growth in control
petri plates

6: the diameter of pathogen disk
T: the diameter of mycelial growth in treated petri
plates

In the study, 3 petri plates were used per bacterial
isolate.

1101

In vivo tests

To test the effectiveness of 5 bacterial strains, which
were found effective in wvitro conditions against
pathogen, a pot experiment with eggplant seedlings
was established in the climate chamber with 3
repetitions. Bioagent bacterial strains were streaked
on Nutrient Agar (NA), incubated at 28°C for 48 hours,
then were reinoculated into Nutrient Broth (NB)
incubated at 28°C for 24 hour furthers. Bacterial cell
was centrifuged and its concentration was adjusted to
10 8 cfu/ mL 30 ul of the suspension prepared from
bioagent bacteria was given to the wounded part
inflicted on the stem of the eggplant seedlings with the
help of a micropipette. And then, the mycelium disc
taken from the tip of the pathogen fungus, which was
developed in PDA, was placed in the suspension-
applied wound, and the stem was wrapped with
parafilm. The study was carried out in 3 repetitions.
The following 0-4 scale was used in the evaluation.

0: No leaf lesion

1: 5% of leaf area infected
2: 25% of leaf area infected
3: 50% of leaf area infected
4: 75% or more of leaf area

The scale values obtained from in vivo test results were
converted to percent disease severity with the help of
the disease severity (DS) formula (Viriyasuthee et al.,
2019). Disease severity (DS) was calculated as follows:

DS (%)=2 (S x L) x100 / (Mx Smax)
DS= disease severity

S: rating score

L: number of plant in rating

M: total number of sampled plants

Smax: highest rating

Molecular diagnosis of the most effective antagonist
bacterial strains

Molecular characterization of the most effective
strains TV-87A and FDG-37 was realized through
targeting the 16Sr region.

Genomic DNA of bacterial strains were extracted from
bacterial suspension of strains using the genomic DNA
Purification Kit (QIAGEN) according to the
manufacturer’s instructions. Amplicons for the 16S
rDNA sequences were generated using universal
primers 27F (AGAGTTTGATCMTGGCTCAG) and
907R (CCGTCAATTCMTTTRAGTTT) using published
reaction conditions (Chandler et al., 2011). After the
obtained sequence data were combined with the
BioEdit program, they were compared with the species
found in the GenBank (www.ncbi.nlm.nih.gov) (Zhang
et al., 2000) via the program BLASTN +, and sequence
data entry was performed (Table 1).
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Statistical Analysis

Analysis of variance was applied to the wvalues
regarding the obtained in vitro test results, and the
differences between the averages were compared with
the LSMeans Differences Student’s test at a
significance level of P <0.01. Data analysis was made
via the utilization of JMP IN (SAS Institute, cary,
NC,%.0 PC version) statistics software.

RESULTS and DISCUSSION

Following molecular diagnosis of ET 33 isolate fungal
disease agent was identified as Botrytis cinerea with

99% similarity to those available in GenBank.

According to the results of analysis of variance in the
study, the difference between applications was found
to be statistically significant (mycelial growth F:
7.8012; P < 0.01 and inhibition of mycelial growth F:
7.8008; P < 0.01). Differences between groups were also
determined using the LSMeans Differences Student's
test. The percentage inhibition rate results of bacterial
strains whose antifungal effects were tested under in
vitro conditions against the ET 33 isolate of B. cinerea
are presented in Table 2.

Table 2. Antifungal activities of the bacterial strains against Botrytis cinerea ET 33 isolate in in vitro condition.
Cizelge 2. In vitro sartlarda Botrytis cinerea’nin ET 33 izolatina karsi biyoajan bakteri strainlerinin antifungal

aktivitesi.
Bacterial strains Mycelial Growth(mm) Inhibition of Mycelial Growth(%)
Bacillus pumilus FD-9 34.2A 65.23A
Pseudomonas chlororaphis subsp. aureofaciens FDG-37 34.2A 65.23A
Bacillus subtilis TV-6F 36.7A 62.14 A
Bacillus amyloliquataciens TV-87TA 37.5A 61.11A
Bacillus pumilis TV-67C 39.0A 59.26 A
Bacillus subtilis TV-17C 47.3AB 48.97AB
Bacillus thuringiensis subsp. kurstaki BAB-410 58.3BC 35.39BC
Bacillus megaterium TV-91C 58.8 BC 34.77BC
Pantoea agglomerans RK-92 68.3CD 23.05CD
Pantoea agglomerans RK-79 69.3CDE 21.81CDE
Bacillus cereus TV-125A 70.2CDE 20.78 CDE
Paenibacillus polymyxa TV-12E 83.8DE 3.91DE
Control (Botrytis cinerea) 87.0E 0.00E
CV_  19.55 34.88
LSD 1.83 22.68

*Mean values given in the same column followed by the same letter are not significantly different according to the LSD Means

Student’s test (P< 0.01).

In the bacterial strains tested in the in witro
experiments, while the bacterial strains FD-9 and
FDG-37, which have the highest efficacy, inhibited the
development of pathogenic fungus by 65.23%, the TV-
12E strain, which has the lowest efficacy, took place in
the same group with the control with a 3.91%
inhibition rate (Table 2, Fig 1).

The effectiveness of the bacterial strains of TV-87A,
FDG-37, TV-6F, TV-67C and FD-9, which are highly
effective under in vitro conditions, were further tested
under in vivo conditions in pot trials, and their
symptoms were assessed (Table 3).

In the conducted study, no symptoms were
encountered neither in the controls where only NB and
only bioagent applications were performed, nor in in
the eggplant plants in pots where TV-87A bacterial
strain and ET 33 fungal isolate were applied together,
and statistically these applications were included in
the same group (Table 3). These applications were
followed by pots in which bacterial strains FDG-37
(5.88%), TV-6F (82.50%), TV-67C (85.83%) and FD-9
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(87.50%) were applied together with the pathogen. The
most severe symptoms were detected in pots (93.33%)
where disease agent ET 33 was applied alone or
applied together with bacterial strains TV-6F and TV-
67C (Table 3). Pot assay of bacterial strains tested in
in vivo conditions is presented in Fig 2.

Molecular diagnosis was performed from pure cultures
of 2 bacterial biocontrol agents that showed the highest
inhibitory effect in both in vitro and in vivotests. FDG-
37 and TV-87A were identified as Pseudomonas
chlororaphis subsp. aureofaciens (similarity: %98.7;
accession number: NR114473) and  Bacillus
amyloliquafaciens (similarity: %95; accession number:
MN507862) respectively.

Due to the inadequacy of cultural measures alone and
the damage caused by the unconscious use of pesticides
to the environment, studies all over the world have
turned to alternative methods that can be utilized in
the control against different plant pathogens. Among
these methods, biological control also has an important
place.
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ET33

Figure 1. Antifungal activities of the bacterial strains against Botrytis cinerea ET 33 isolate in in vitro condition.
Sekil 1. In vitro sartlarda Botrytis cinereanin ET 33 izolatina karsi biyoajan bakteri strainlerinin antifungal
aktivitesi.
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Control 1 Control 2 Controld ET33-TV-87A Controll Control 2 Contral 3 ET 33-FDG-37

"

Control 1 Control 2 Controld  ET X3+TV-6F Control 1 Contral 3 ET 33-TV-67C

Contral 1 Control 2 Control 3 ET 33-FD-9

Figure 2. The most effective biocontrol bacterial strains against Botrytis cinerea ET 33 isolate in in vitro and in
vivo condition (Control 1: Only pathogen, Control 2: Only biocontrol agent, Control 3: Only NB).

Sekil 2. In vitro ve in vivo sartlarda Botrytis cinerea’nin ET 33 izolatina karsi en etkili biyoajan bakteri strainleri
(Kontrol 1° Sadece patojen, Kontrol 2: Sadece biyoajan bakteri, Kontrol 3: Sadece NB).
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Table 3. Antifungal effect of tested bacterial strains against Botrytis cinerea E'T 33 isolate in in vivo conditions.
Cizelge 3. In vivo sartlarda Botrytis cinereanin ET 33 izolatina kars1 biyoajan bakteri strainlerinin antifungal

aktivitesi.
Treatment DS (%)*
TV-87A 0.00A
TV-67C 0.00A
Control 2 FDG-37 0.00A
TV-6F 0.00A
FD-9 0.00A
Control 3 (Only NB) 0.00A
TV-87A+ET 33 0.00A
FDG-37+ET 33 5.88A
TV-6F+ET 33 82.50B
TV-67C+ET 33 85.83BC
FD-9+ET 33 87.50BC
Control 1 (Only pathogen) 93.33C
CV 19.29
LSD 9.66

*DS: Disease severity. Mean values in the same column by the same letter are not significantly different to the LSMeans

Student’s test (P< 0.01).

The Bacillus species are most frequently used
biocontrol agents in biological control studies. The
antimicrobial compound(s) produced by Bacillus spp.
can be formulated in a cheap, stable, and effective
manner revealed that these organisms can be used
safely in modern agriculture (Goégiisgeren and Colak,
2009). In addition, the fact that Bacillus species form
spores can be found in almost all types of soils, and
endophtically colonized plants has led them to be
widely used as bioagents (Tiwari et al., 2014). As with
many plant pathogens, studies were conducted where
species belonging to the Bacillus genus were used in
the biological control against B. cinerea and successful
results were obtained. Recently, Aktan and Soylu
(2020) also reported that PGPB isolates of
Pseudomonas spp and Enterobacter cloacae were
found highly effective for siderophore production, S.
marcescens for solubilisation of phosphorus, £. cloacae
for TAA production, Bacillus spp for ammonia
production. Overall their results suggest that use of
the most efficient PGPB isolates have an excellent
potential to be used as biofertiliser for cultivation of
economically important crops.

In a study a total of 163 bacterial strains isolated from
tomato leaves were evaluated for their ability to
suppress gray mold on tomatoes, and 4 strains were
found to reduce the incidence of B. cinerea (Yildiz et
al., 2007). In another study on tomato, where the
effectiveness of 2 strains belonging to the Bacillus
genus was determined in both laboratory and
greenhouse conditions against the B. cinerea, it was
reported that both strains reduced the disease severity
by 67% and 66%, respectively (Sheng et al., 2016). In
very recent study, antifungal activivites of several
putative bacterial biocontrol agent (BCA) isolates,
which were obtained from commercial vermicompost,
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were investigated against soilborne fungal disease
agents Sclerotinia sclerotiorum, Macrophomina
phaseolina, Botrytis cinerea, Verticilium dahliae in
vitro. According to their results, 28 bacterial isolates
(49.12% of total isolates) were inhibited mycelial
growth of S. sclerotiorum by 1.72- 75.43%, M.
phaseolina by 1.67-65.83%, B. cinerea by 3.44-57.18%,
and V. dahliae by 2.28-58.74%, respectively (Soylu et
al., 2020). In a study conducted on strawberries, 186
bacterial strains were tested against the gray mold
disease agent, and it was determined that 36 of tested
isolates suppressed the development of B. cinerea, and
that among the Bacillus species, B. lentimorbus, B.
megaterium, B. pumilis, B. subtilis ere the most
effective species (Dénmez et al., 2011). In another
study, it was reported that Xanthomonas maltophila,
B. pumilis, Lactobacillus sp., Pseudomonas sp., and
Gliocladium catenulatum strains (Elad et al., 1994)
reduced the B. cinerea sporulation, whereas
Paecilomyces  lilacinus, Bacillus firmus, and
Actinomycetes sp. reduced the severity of infection
(Yildiz, 1990).

Ciftci and Altinok (2019) found Pseudomonas
aeruginosa as the most successful isolate against B.
cinerea in pot experiments with a yield rate of 58.1%
compared to the positive control containing only
pathogen inoculum on eggplant seeds.

Toral et al. (2020) evaluated the potential use of XT1
as a plant growth promoter and biocontrol agent
against B. cinerea, the results of this study revealed
the importance of jasmonic acid (JA) and ethylene
hormones.

TV-6F strain of B. subtilis, was previously tested under
in vitro conditions and was found to suppress disease
development successfully in the previous studies such
as in red cabbage against S. sclerotiorum (76.46%)
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(Tozlu et al., 2016), in raspberry against B. cinerea
(95.24%) (Tekiner et al., 2018), in cucumber (77.61%),
strawberry (77.11%) (Tozlu et al., 2018) and in quince
(77.61%) against Alternaria alternata (Tekiner et al.,
2019), in citrus fruits against Penicillium digitatum
(69%) (Mohammadi et al., 2017) and in tomato against
Alternaria solani (69%) (Camlica and Tozlu, 2019). In
this study, the TV-6F strain inhibited the mycelial
growth of B. cinerea, in vitro conditions by 62.14%. TV-
87A strain of B. megaterium, whose effectiveness was
tested in this study similarly, was tested against A.
alternata, which was isolated from cucumber and
strawberry in a previous study, and was found to
inhibit the development of the pathogen at the rates of
77.61% and 77.11% respectively (Tozlu et al., 2018).

It was reported in another study that the TV-87A
strain of B. megaterium was also effective under the
control of Bipolaris sorokiniana, which causes wheat
root rot, and caused significant increases in plant
growth parameters (Gékce and Kotan, 2016). This
strain, which also inhibited the development of B.
cinerea at the rate of 61.11% In vitro in this study,
completely stopped the pathogen development in
eggplant plants under in vivo conditions.

Similarly, the TV-67C strain of B. pumilus was tested
against A. alternata, which was 1isolated from
cucumber and strawberry, and was found effective at
the rates of 87.63% and 65.89%, respectively (Tozlu et
al., 2018). In addition, Camlica and Tozlu (2019)
detected that TV-67C strain prevented the
development of A. solani in tomato under in wvitro
conditions at the rate of 69%.

In several studies, some fluorescent Pseudomonas
species asserted disease control in lettuce and tomato
plants under greenhouse conditions (Lee et al., 2006).
Walker et al. (2001) detected that strain of
Pseudomonas antimicrobica prevented the conidial
germination of B. cinerea. It was determined that
FDG-37 strain of P. fluorescens prevented the
development of Geotrichum candidum, which causes
bitter rot disease in carrots, under in vitro condition at
the rate of 26.85% (Tozlu, 2016), and prevented the
development of B. sorokiniana, causing root rot in
wheat, at the rate of 66.39% (Gokce and Kotan, 2016).
In this study, on the other hand, the same isolate was
effective at a rate of 65.23% against the B. cinerea,
which was isolated from eggplant.

CONCLUSION

In this study, antagonistic bacterial strains belonging
to Bacillus (8), Pantoea (2), Paenibacillus (1), and
Pseudomonas (1) genus were tested against B. cinerea
ET 33 isolate under in vitro and in vivo conditions.
Results indicated that antagonist bacterial strains P.
chlororaphis subsp. aureofaciens FDG-37 and B.
amyloliquafaciens TV-87A were effective against B.
cinerea. Microbial formulations consisting of these
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bacteria have direct potential for the control of B.
cinerea. In future, further studies are being planned to
prepare a commercial preparation after making a good
carrier consisting of organic material with long shelf
life for the most effective bacterial strain.
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ABSTRACT
Vertisol soils, which cover large lands in irrigated areas in Turkey
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and the world, swell when wet and form deep cracks when dry. Research Article

These properties of Vertisol soils cause a significant decrease in

irrigation efficiency when irrigating with surface irrigation methods, Article History

thus causing water insufficiency and drainage problems. If Received :31.01.2021
appropriate irrigation time, flow rate and furrow-border lengths are Accepted $19.10.2021
used, water application efficiency can be increased in these soils. For

this purpose, two-point infiltration tests were carried out using 120 Keywords

m long, 0.5-0.6% slopping furrows. A constant water level orifice was Harran Plain

used to keep the flow rate unchanged during the tests. Water Infiltration Methods
advanced and recession times were observed and recorded at stations Surface Irrigation

created at 20 m intervals. Before and after the test, the cross- Orifice

sectional area of the furrow was measured with a rill-meter. By
evaluating the obtained data, the Kostiakov-Lewis infiltration
equation, which i1s expressed as Z = 0.00822 t© 0.27695 + 0.00048 t
equation, was obtained. With the determined equation, the optimal
irrigation length was estimated to be approximately 85 m for 90%
water application efficiency and 115 m for 80% water application
efficiency, using the advance and recession curves.

Iki Nokta Infiltrayon Yontemi ve Kostiakov-Lewis Denklemi Kullamlarak Vertisol Topraklarda
Sulama Uzunluklarinin Belirlenmesi

OZET

Turkiye ve Dinya'da sulanan alanlarda genis arazileri kaplayan

Biyosistem Miihendisligi

vertisol topraklar, i1slakken siser ve kurudugunda derin catlaklar Aragtirma Makalesi
olustururlar. Vertisol topraklarin bu ozellikleri, ylizey sulama ile : :
sulanirken sulama randimaninin o6nemli Gl¢ide diigmesine, Makale T.ar'lhge.s1
dolayisiyla su yetersizligine ve drenaj sorunlarina neden olur. Uygun Gelis Tarl}'u' ) 51.01.2021
sulama slresi, debi ve karik-border uzunluklari kullanilirsa, bu Kabul Tarihi  :19.10.2021
topraklarda su uygulama randimanlari artabilir. Bu amacla 120 m Anahtar Kelimeler

uzunlugunda, %0.5-0.6 egimli kariklar kullamilarak iki nokta
yontemi ile infiltrasyon testleri yapilmigtir. Test siiresince akig
debisinin degismemesi i¢in sabit su seviyeli orifis kullanilmigtir. Su
ilerleme ve c¢ekilme siireleri 20 m araliklarla olusturulan
istayonlarda gozlenerek kaydedilmigtir. Test Oncesinde ve
sonrasinda rillmetre ile karik kesit alani élgilmustir. Elde edilen
verilerin degerlendirilmesiyle, Z = 0.00822 t 02769 + 0.00048 T esitligi
ile ifade edilen Kostiakov-Lewis infiltrasyon egsitligi elde edilmistir.
Belirlenen egitlik ile, ilerleme ve ¢ekilme egrileri kullanilarak, %90
su uygulama randimani i¢in en uygun sulama uzunlugu yaklasik 85
m ve %80 su uygulama randimam igin 115 m olarak tahmin
edilmisgtir.
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INTRODUCTION

Infiltration is one of the basic components of the
hydrological cycle and is a highly complex process
affected by many factors. The rate of infiltration,
advanced and recession, which determine important
aspects such as surface flow and deeper infiltration
in-furrow and border methods. Advance and recession
time in clogged border methods; a very important
criteria that affects the maximum permissible
application rate in rain and drop methods (Kanber,
1997).

Infiltration rate measurement methods could be listed
as cylinder infiltrometer, sprinkler, ponding, blocked
furrow, input-output flow measurement, and two-
point method.

Numerous equations have been developed to explain
the phenomenon of infiltration. These equations can
be divided into three groups: physically-based
equations, semi-empirical models, and empirical
models (Turner 2006). Physically based equations are
based on mass conservation and Darcy's laws. These
approaches use data obtained from soil water
properties and do not require measuring the
infiltration. Green-Ampt Model, Philip Model, Smith
and Parlange Model (Skaggs and Khalel 1982; Rawls
et al. 1993). While the semi-empirical models were
obtained to explain the experimental results. They
are based on simple forms of the continuity equation
and simple hypotheses that give a coherent
infiltration rate. Horton, Holtan, Overton and Singh
and Yu models are considered within the infiltration
group (Rawls et al 1993). Empirical models have been
derived from data obtained from field or laboratory
experiments. Empirical models have a tendency to be
less affected by assumptions about soil surface and
profile properties, but are more restrictive if
calibrated, so calibration parameters are determined
based on real field measurements (Skaggs and
Khaleel 1982, Hillel 1998). The mentioned models are
the most used equations in the world. Kostiakov
Models, modified by Huggins and Monke Models, are
widely used in irrigation engineering (Kanber 1997).

As the swollen clayey soils dry, there are large cracks
with significant effect on the infiltration. The
frequency and intensity of drying of the soil profile
and the increase in the number of wetting / drying
cycles help to form cracks (Hulugalle et al. 2001).
Vertisol soils are dominated by smectite clay
minerals, which swell while wetting, shrinking and
forming deep cracks (Probert et al 1987). The
formation of large cracks and slits during the
irrigation season in Vertisol soil causes considerable
water losses, irrigation efficiency is falling and
various problems arise. Depending on the formation
of cracks, the infiltration parameters also have been
changing with time.
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After the estimation and calibration of infiltration
parameters in furrow irrigation, a large number of
studies have been carried out in order to optimize the
irrigation criteria.

Application efficiency in undeveloped surface
irrigation systems varies between 45 and 60%. With
careful management and water control, reuse of
tailwater, this value can be increased up to 70-85%
(Ley 1978). It is stated that the efficiency of water
application in a good irrigation network should not be
less than 50-60% (Giingér et al. 1996; Bautista and
Wallender 1993; Kanber 1997). Esfandiari and
Maheshwari (1996) showed that furrow irrigation in
Australia caused excessive water accumulation,
surface flow losses, and salinity problems due to poor
planning and management. For optimum water
management in  surface irrigation, detailed
infiltration characteristics of the field to be planned
should be known. Evaluation of field-based
infiltration is very difficult due to terrestrial and
temporal changes in soil physical properties, initial
moisture content and management differences
(Bautista and Wallender 1993). The two-point method
is a simple, compact and relatively accurate inverse
function widely used to estimate the parameters of
the Kostiakov-Lewis function. However, the
applicability of the method is limited to inclined free-
draining furrows (Zerihun et al. 2004). The
performance of the Kostiakov, Philip, and Horton
(exponential equation) models showed that when
compared with the Kostiakov-Lewis model results,
the Kostiakov-Lewis model gave the best correlation
between cumulative infiltration and time (Zhang et
al. 2012).

Increasing irrigation efficiencies in vertisol soils
covering large areas in our country depends on well-
made infiltration tests at a significantly level. The
reliability of the results obtained from spatially small
footprint infiltration tests is quite low. If the test sites
are vertisols and have deep cracks and crevices, their
reliability is much reduced. However, it is difficult to
repeat infiltration tests covering large areas. In
addition, as the test area expands, soils variation
increases and the uniformity disappears.

Taking into account the above explanations, and
using infiltration data obtained at the end of the test
study, we estimated the optimal irrigation lengths in
vertisol soils irrigated by surface irrigation methods,
in order to reduce the percolation losses and increase
the irrigation efficiency in Harran plain.

MATERIAL and METHODS

The tests were carried out on the Harran Seri soil,
which is widespread in the Southeastern Anatolian
Region. For this purpose, the GAP Agricultural
Research Institute land located on the 34th km of
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Sanliurfa-Akcakale road was used as a test site
(Figure 1).
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Figure 1. Geographic location of test area
Sekil 1. Test alaninin cografi konumu

Climate Characteristics

The Harran Plain is under the influence of the
Mediterranean and the continental climate
characteristics of the South Eastern Anatolia Region.
The summers are hot and dry, the winters are cold
and rainy. The temperature difference between night
and day is high.

The Soil Properties of Test Site

The study was carried out on the Harran series soil
showing vertisol characteristics. The study area has
alluvial material, flat and deep soils. The soils are
generally heavily textured the studied area has a
fairly flat topography and the average slope (s) is
0.65% (USDA-SCS, 1998). There is chlorite, illite,
kaolinite, and quartz minerals in the Harran series
soils along with smectite and palygorskite, the
dominant clay minerals (Cakmakli 2008). Some
physical and chemical properties of the working-site
soils are shown in Table 1.

Table 1. Some physical and chemical properties of the test site soil
Cizelge 1. Test sahasi topraginin bazi fiziksel ve kimyasal ozellikleri

Decﬂfh pH gg S Texture BD FC PWP AW  RAW Lime ?I’lfﬁtzl:
Sand% Clay% Silty% gcm™ % % mm mm (%) ©)
0-30 772 0969 232 538 230 C 125 3344 2164 443 266 3110 1.54
30-60 7.77 0874 252  53.8 210 C 130 3234 21.99 404 242  25.40 1.32
60-90 7.74 0961 25.1 52.8 220 C 135 3438 2275 471  2.83  24.30
0-90 13.17  7.90

pH, soil reaction; FC, Field capacity; PWP, permanent wilting point; AW, available water; BD bulk density; RAW readily

available water

Two Point Infiltration Method

The methodology for the evaluation of alternate and
continuous furrows was taken from the works of
Walker and Skogerboe (1987), Walker (1989). The
Kostiakov-Lewis infiltration equation has been used
for obtaining infiltration parameters of soil with the

Two-point methodology given by Walker and
Skogerboe (1987).
Z=atb+for (1)

where Z is the cumulative infiltration per unit length
of the furrow (m3 m), t is the intake opportunity
time (min), k and a are empirical parameters, and fo
is the empirical base of the infiltration rate (m3 m
min'l).

The method developed for the planning of surface
irrigation; the method is also known as the volume
balance approach. The method relies on the existence
of an exponential relationship between the rate of
progression of water and time over the furrow
(Kanber 1997).

In the infiltration test with the two-point method, the
progress of the water along the furrow (the advanced
phase, the time to reach the waterfronts) and the
recession phase to measure the total infiltration were
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measured (Walker and Skogerboe 1987). From the
moment the test was brought to end, and after the
water was cut, recession times were determined by
measuring the time at which was reached these
stations

It is assumed that the infiltration function is in the
form of Kostiakov-Lewis form (Kanber 2010). For this
purpose, the following equations were used.

X =pt'
In2
T —InT

a 0.5a

(2)

(3

in equations; X, water is the distance of advanced, m;
t, time since the beginning of the advanced, min; Ta
total advanced time, minutes; Tosa the time taken for
water to travel halfway through the water in half of
the furrow, or the half-way distance, in minutes; r
and p are the empirical coefficients.

The coefficients for the Kostiakov-Lewis equation are
obtained by using the progress data. For this purpose,
the volume-balance equation for any time period is
written as follows.
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f,.t.X @
4
1+r

Where; Ao is the flow cross-sectional area at the inlet
of the furrow, m2; Qo, applied flow rate, m3 minl; t,
the time elapsed since the beginning of the run, min;
ta, flow time, min; o, surface storage shape factor,

Qt=0,A, X+ 0,at,. X + (

y’
(0.70-0.809); ©,, subsurface shape factor. Equivalent

items are estimated by means of the equations given
below.

_b+r@d-b)+1 5
7T @by (1) ®)
A= 0-1y62 (6)
WP =5,y ©)

In equation; y, depth, m; WP, wet perimeter, m. The
coefficients and exponents are empirical. The current
cross-sectional area at the entrance of the furrow;

Abzcl( Q J

N
60,/S,

The following equations are used for the calculation of
the coefficients.

(8)

C, = _5% 9)
50, 24,
0,67 \C2
Y1
C =0 | =
1 1| SLe7 (10)

1

The infiltration coefficients such as a, b and fo at the
end of the test carried out by the two-point method
are estimated by the following equations (Walker and
Skogerboe 1987).

In equation, Z, cumulative infiltration depth, cm; t,
irrigation time, hour; fo, basic infiltration rate, cm h'1;
a and b are the infiltration coefficients.

While the infiltration of water along the furrow was
examined, the volume-equilibrium approach in the
furrow end and the middle was determined by the

T

following equations.
N [fo ( O,Sa)L] 11)
o(To)L

o,AL
" 2(1+7)
b f
(12)
foe (58]

Qo (TO,Sa) = 2
and for the field end,

(1+r
Here, Tosa, the time taken for water to travel half way
through the neck, min; T,, time to advance of water to
the end of the furrow, min; L, lateral size, m; a and b
infiltration coefficients; r, achievement equalization
superiority.

022(Tyss) L
2

Q, (T,)=0,AL+ ca(T,

0,5a
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- M (13)
In(T, /Tys.)
QT fOT
V,=—"2-0,77TA ———2< (14)
A
2QT, foTosa
V,., =—2-0,7TA ——= 15
0,5a L A) ( r +1) ( )
a=_s (16)
= 1
GZTaZ
The value of fo in the infiltration equation is

calculated by the following equation.
f = Qin _Qout
, = —in__<out
L

The Q,, and Q,, values in the equation are the flow

a7

quantities entering and outgoing, m3 min'!.

In making the tests and evaluating the results, was
benefited from the principles given by Walker and
Skorgerboe (1987); Mitchell and van Genuchten
(1993); Waller and Wallender (1991); Kanber (1997;
2010).

Stream Size and Fixed Flow

A fixed head orifice was used to obtain constant flow
during the tests (Figure 2). On the base of the orifice,
there are drain pipes and on the upper side, there are
discharge pipes to provide a constant head on both
sides. The exit nipples on the orifice side were
extended to the entrance of the test furrows with
hoses. According to the diameters of the hoses,
approximate the flow rates were calculated with
orifice equality. Later, volumetric flow control was
performed before starting the tests and the hoses
outlet width were adjusted in the water outlet to
obtain the appropriate flow rate.

Measurement of Furrow Geometries

At the beginning and end of each infiltration test, the
geometry of the furrow was determined. For this
purpose, the rill-meter was placed in the chosen
places at the beginning, in the middle, and at the end
of the furrow. Using the furrow and flow cross-
sectional areas were determined (Kanber et al 1996).

Rillmeter is formed on a horizontal bar with 5 cm
spacing and 16 pieces of 50 cm bar (Figure 3). To
determine the furrow cross-section profile, the upper
beam of the rillmeter was placed on the furrow
parallel to the ground using a spirit level.

This beam was used as the reference plane in the
measurements. After the vertical bars were placed
parallel to each other and perpendicular to the
reference plane, the sections from the top of the bars
to the borders were measured to obtain the furrow
cross-section profile.
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This process was repeated three times throughout the
ridge before and after irrigation to obtain an average
value. Values, such as the depth of the furrow, the

cross-section area, and the wet perimeters were
determined with the obtained data.

Figure 2. Orifice used to provide a constant water head
Sekil 2. Sabit su ylikii saglamak i¢in kullanilan orifis

Figure 3. Rillmeter used in measuring the flow cross-
sectional areas
Sekil 3. Akis kesit alanlarinin
kullanilan rillmeter

Ol¢gtilmesinde

This process was repeated three times throughout the
ridge before and after irrigation to obtain an average
value. Values, such as the depth of the furrow, the

cross-section area, and the wet perimeters were
determined with the obtained data.

Tests for Determining the Properties Furrow

The results obtained from the infiltration tests are
discussed in detail in the following sections. In the
test, 120 m length and 80 c¢m width furrows were
used.

Before the test the average of the measurements was
taken and plotted, and the furrow cross-sectional
profile was determined (Table 2). The procedure was
repeated after the test to determine the changes in
the cross-section of the cross.

In order to determine the furrow depth and cross-
sectional area values were used the obtained values
from Figure 4, which these values are the average
values of the rillmeter measurements before and after
the test.

Table 2. Mean cross-section values obtained before and after the test
Cizelge 2. Test oncesi ve sonrasi elde edilen ortalama kesit degerleri

Before Average values, cm
23.9 25,0 24.1 214 182 155 127 10.7 11.3 13.6 15.6 184 21.7 24.2 257 25.3
After 256,56 26.8 254 229 20.1 180 15.7 14.2 14.3 155 17.5 20.8 23.3 259 26.5 25.2
Furrow cross section
30,0
250 A& & Ad e
20’0 6 6 A <>
£ AE —&
o 15,0 A S
£ 10,0 o<
% 7
'; 5,0
g 0,0
T 0 20 40 60 80
Furrow wide, cm

Figure 4. The cross-sectional profile, before and after the test

Sekil 4. Test oncesi ve sonrasi kesit profili
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The rillmeter measurements of the depth and width
of the test furrow are given in Table 3.

Using Figure 4, the cross-sectional area per 1 cm
height was calculated from the furrow bottom. In this
process, as shown in the graph, the minimum point of
the furrow bottom is 14.2 cm. This point was assumed
to be 0. In this case, when the ordinate value is Y1 =
15, the height from the bottom of the trough is found
Y1-Yo =0.15-0.142 = 0.008 m (Table 4).

Continuing process, for each cm height, was found

abscissa values of the furrow width, and at Table 4
were processed. Furrow width for each depth was
determined by the difference X2-Xi1. When the depth
of the furrow was 0.08 m, the furrow width was 0.12
m, and the furrow depth was 0.118 m, the furrow
width was determined as 0.568 m.

By using the obtained values, the cross-section areas
of the furrows were calculated for different depths of
the furrows. Other properties related to the test
furrows are given in Table 5.

Table 3. The relationship between the depth of the furrow and the width of the furrow
Cizelge 3. Karik derinligi ile karik genigligi arasindaki iliski, m

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Furrow depth, m  0.00 0.005 0.015 0.025 0.035 0.045 0.055 0.065 0.075 0.085 0.095
Furrrow wide, m  0.00 0.140 0.185 0.230 0.260 0.285 0.315 0.355 0.405 0.445 0.520
Table 4. Relationship between furrow depth and wide
Cizelge 4. Karik derinligi ile genisligi arasindaki iliski
Ordinate Y 0.142 0.15 0.16 0.17 0.18 0.19 020 021 0.22 023 0.24 0.25 0.26
Height H 0 0.008 0.018 0.028 0.038 0.048 0.058 0.068 0.078 0.088 0.098 0.108 0.118
Absis X1 31.5 288 272 25 22.56 204 182 165 149 132 11 8.5
Absis Xs 435 46.5 49 50.9 524 538 554 573 595 61.3 631 653
Wide furrow m 0 0.12 0.177 0.218 0.259 0.299 0.334 0.372 0.408 0.446 0.481 0.521 0.568
Table 5. Some properties of tested furrows
Cizelge 6 Test kariginin bazi ozellikleri
L So w SMD Qin Qrunoff nl n2 n3
m m m! m cm m3 min’! m3 min’!
120 0.0065 0.8 14.218 0.1125 0.05434 0.04 0.02 0.015

L; furrow length, SMD; soil moisture deficit; Qin input flow; Qrunott; ouput flow; n1 for newly plowed soil; n2; Irrigated, smooth
surface soils; n3 for dense vegetation covered soil that prevents water movement

RESULTS and DISCUSSION
Advanced and Recession Times

The length of furrows used in tests are 120 m, and the
slope 0.65%, width of furrows 0.8 m and soil moisture
deficit 0.14 m, and flow stream used q = 1.875 1 sL.
During the test period, the water was observed at
stations at a distant of 20 meters and the time to
reach the end of the furrow and the recession times
also observed, after the water was cut off (Table 6).
The advanced and recession curves plotted from the
obtained data are given in Figure 5. The water
reached the middle of the furrow in 15 minutes, and
to the end of the furrow in 45 minutes.

The recession time from the entrance of the furrow
was measured as 248 minutes. At the beginning of
the furrow, the rate of water advanced was high,
towards the end of the furrow, as expected, decreased
(Table 6). Calculated parameters for the tested furrow
are given in Table 7.

At the end of the test, the cross-sectional area was
measured and the mean values of the results obtained
are given in Table 8.
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At the end of the field tests, the furrow parameters
calculated by evaluating the data obtained and the

coefficients of the Kostiakov-Lewis infiltration
equation are given in Table 9, and 10.
300
250
£ 200
€
g 150 —+—+ Advance
E 100 Recession
50 PE———
0 —t]
0 50 100 150
Test furrow lenght, m

Figure 5. Advanced and recession curves
Sekil 5. Ilerleme ve ¢ekilme egrileri
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Table 6. Advanced-recession and net irrigation times

Cizelge 6 Ilerleme ve gekilme egrileri ile net sulama siireleri

Distance m 0 20 40 60 80 100 120 120 60
Advance time, min 0 2 7 15 23 32 45 45 15
Recession time, min 228 233 235 238 239 243 248 248 235
Thet 228 231 231 220 216 211 203
Table 7. Parameters of tested furrow
Cizelge 7. Test karigina iliskin parametreler
T. m y. m az ai o1 02
0.52 0.095 0.804775216 3.457053094 1.9155 1.80478
0.285 0.045
Table 8. Parameters related to the furrow profile
Cizelge 8. Karik profiline iliskin parametreler
Width Depth (y), m (0,5*(Ty-Ti1))2 (Yi-Yin2z  2%((Yi-(Yi1))2+(Ti-(Ti-1))2)05 WPo.12 WPo.06
(T), m
0 0 0.00490 0.000025 0.14036 0.14036 0.14036
0.14 0.005 0.00051 0.0001 0.04924 0.04924 0.04924
0.185 0.015 0.00051 0.0001 0.04924 0.04924 0.04924
0.23 0.025 0.00023 0.0001 0.03606 0.03606 0.03606
0.26 0.035 0.00016 0.0001 0.03202 0.03202 0.03202
0.285 0.045 0.00023 0.0001 0.03606 0.03606 0.03606
0.315 0.055 0.00040 0.0001 0.04472 0.04472 0.34297
0.355 0.065 0.00063 0.0001 0.05385 0.05385
0.405 0.075 0.00040 0.0001 0.04472 0.04472
0.445 0.085 0.00141 0.0001 0.07762 0.07762
0.52 0.095 0.06760 0.009025 0.55362 0.55362
1.11751
Table 9. Parameters related to the furrow profile (Kanber, 2010)
Cizelge 9. Karik profiline iliskin parametreler
WPo.12 WPo.06 Vend Vinitial Y2 Y1 Cs Ci Ao
1.11751 0.34297 0.095 0.045 1.581 46.163 0.924 7.530 0.0119
r fo Vi VoL b Oz a
0.631 0.00048 0.0196 0.0145 0.2770 0.83219 0.00822
Table 10. Parameters calculated from the data obtained at the end of the test
Cizelge 10. Test sonunda elde edilen verilerden hesaplanan parametreler
Ao r fo VL Vo.sL b Oz a
0.01194 0.63093 0.00048 0.01962 0.01447 0.27695 0.83219 0.00822
az a1 s1 s2 WPo.12 WPo.06 Y2 Y1 Ce C:
0.80478  3.45705 1.9155 1.80478  1.11751  0.34297 1.58083  46.1627 0.9236 7.52952

Kostiakov-Lewis infiltration equation in the test was
found as follows;

7 =0.00822 T 02769 + (0.00048 T (18)

in equation; t is the intake opportunity time, min and
Z the cumulative infiltration per unit length of
furrow, m3 m.

By using this infiltration equation with the advanced
and recession curves obtained by the tests, furrow,
and border lengths could be calculated as follows in
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Harran plain vertisol soils.

The soil moisture content in the test period is close to
the moisture content before irrigations in Harran
Plain. This season can be accepted as the most
appropriate time for the infiltration test in terms of
soil water content. Because, when the soil is very dry,
the test results cannot be reflecting exactly the soil
moisture conditions during the irrigation season.
Therefore, the infiltration coefficients could be more
different than expected.
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To meet this objective the quarter-time rule says that
the stream size should be large enough for the water
to reach the end of the field (furrow irrigation) the
contact time is the time needed to infiltrate the
required amount of water (FAQ 1989).

Considering the soil properties, it can be easily
calculated that the available water is about 13.17 cm
at a depth of 90 cm. For the 1.2 m effective root zone
of cotton, the required water for each irrigation
considering that irrigation is made when 60% of the
available capacity for field crops is consumed,

diw=13.17x1.2/0.9 x0.60 = 105 mm as is calculated.

In this case, if it is made a graphical solution, from
Figure 6, or the Kostiakov-Lewis equation it is found
that the infiltration time of 105 mm of water is 104
minutes. Clemmens et al. (1998) used criteria such as
water advanced and infiltration furrow irrigation
planning. Kanber et al. (1996), Walker, and
Skogerboe (1987), Walker (1989), Renault and
Wallender (1996). Temizel and Apan (2010), and FAO
(1990) reported that; to achieve 90% water
application efficiency, the water-front must reach the
end of the furrow in 1/4 of the net infiltration time.

0,2

0,15

Z,m

0,1

0,05

20 40 60 80 100

T, min

120 140 160 180

Figure 6. Cumulative infiltration and time relation
Sekil 6. Eklenik infiltrsyon ve zaman iligkisi

Taking into account that here the advanced time is
calculated as;

ta=Tn/4=150/4=37.5 minutes.

In the advanced curve for the test area from Figure 7,
the maximum length of the furrow may estimate to be
approximately 85 m. Likewise, assuming that 80% of
the irrigation efficiency is sufficient, it will be
sufficient for the water front to reach the end of the
furrow, in 40% of the net infiltration time. In this
case, the advanced time will be 104 minutes x 0.40 =
41.6 minutes.

From here, the irrigation length, i.e. furrow length, is
found approximately 115 m, using the advanced curve
of Figure 7. Of course, the furrow length also will
change depending on the flow rate, and the rate of
advance increases. Increasing the length of the
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furrow reduces requirement efficiency (RE),
requirement distribution efficiency (RDE), total
distribution efficiency (TDE) values (Holzapfel et al.
2010).

CONCLUSIONS

The main objective of furrow irrigation is the
appropriate selection of planning and managerial
variables. These variables are the furrow length, flow
rate to the furrow, and cutoff time. These variables
are computed through optimization based on
minimizing the total irrigation cost and maximizing
the application efficiency of irrigation. As the water
advanced rate rapidly decreases with increasing
furrow length, systems can be designed to provide the
opportunity time required to achieve the desired
water application at less than the full length, for
example, about 80 percent of the total length from the
top end (USDA-NRCS, 2012).

For t=Tn*0.40, L=115m

For t=Tn*0.25, L=85m

N

Time, min

20 a0 B0 B0 100 140

Furrow/border length, m

Figure 7. Estimating irrigation length using the
water advanced curve

7. Ilerleme egrisi kullanilarak
uzunlugunun kestirimi

sulama

Sekil

Normally stream sizes up to 0.5 L s will provide
adequate irrigation provided the furrows are not too
long. When larger stream sizes are available, water
will move rapidly down the furrows and so generally
furrows can be longer. The maximum stream size that
will not cause erosion will depend on the furrow slope;
in any case, it is advised not to use stream sizes
larger than 3.0 1 s (FAO 1990). The flow stream size
used in this study was 1.875 1 s-1 and will not lead to
erosion according to this soil structure.
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OZET

Seralarda enerji tasarrufu amaciyla son yillarda uygulanan dinamik
kontrol stratejilerinden bir tanesi, sicaklik toplamina gore yapilan
denetimidir. Bu yontem, belirli bir tiretim hedefine ulagsmak igin
sabit gece/gundiiz sicakligr yerine belirli bir sicaklik toplaminin
yeterli oldugu esasina dayanir. Serada gece saatlerinde sicakligin
digtrilmesi 6nemli derecede 1s1 enerjisi tasarrufu saglar. Belirtilen
nedenle gece saatlerinde sicakligin alt kritik sinira c¢ekilmesi ve
ginliik toplam sicaklikta eksik kalan sicakligin giindiz saatlerinde
havalandirma ayar sicakliginin yukseltilerek telafi edilmesi, son
yillarda enerji tasarrufu amaciyla seralarda kullanilmaya
baglanmigtir. Yapilan ¢alismada seraciligin yaygin olarak yapildig:
Antalya ve son yillarda jeotermal seraciligin yayginlastigi
Afyonkarahisar illerinin uzun yillik iklim degerleri kullanilarak,
sabit sicaklik (statik strateji) ve bir giinliik sicaklik toplamina gore
(dinamik strateji) yapilan sicaklik denetiminde saglanan 1s1
tasarrufu belirlenmistir. Yapilan hesaplamalar sonucunda iliman
iklime sahip Antalya kosullarinda dinamik kontrol ile statik kontrol
stratejisine gore serada istenen gece sicakligina baglh olarak en fazla
%30 ve karasal iklimin hakim oldugu Afyonkarahisar kosullarinda
%9 enerji tasarrufunun saglanabilecegi belirlenmigtir.
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ABSTRACT

One of the dynamic control strategies implemented in the last years
for energy saving in greenhouses is the control made according to the
total temperature. This method is based on the principle that a
certain sum of temperatures (rather than a constant temperature) is
sufficient to reach a certain production target. Lowering the
temperature at night provides significant heat energy savings. For
this reason, reducing the temperature to the lower critical limit at
night hours and compensating for the missing temperature in the
daily total temperature by increasing the ventilation temperature
during the day has been used in greenhouses for energy saving in
recent years. In this study, the long year climate values of Antalya,
where greenhouse cultivation is wide spread, and Afyonkarahisar,
where geothermal greenhouse cultivation has become wide spread in
recent years, was used to determine the heat savings achieved in the
temperature control performed according to the constant
temperature (static strategy) and the sum of one-day temperature
(dynamic strategy). As a result of the calculations made depending
on the desired night temperature in these greenhouses, it was
determined that up to 30% energy savings can be achieved in
Antalya conditions with mild climate, and 9% in Afyonkarahisar
conditions where the continental climate prevails.
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GIRIS olamamasidir  (Tantau, 1998). Statik  iklim

Seralarda iklim kontrolu eksikligi, verim bilegenlerini kon.troliinde," "bltkl ) geligimini ~ onemli  diizeyde

ve girdi kullanim verimliligini olumsuz yoénde etkﬂeyen digiik glnes 1g1m1m1 d}kkatg almmaz

etkileyen yetersiz bir mikroklima ile sonug¢lanir. Sera (Maeritz, 2011). Buna karsin dinamik kontrol

ortaminin daha iyi kontrol edilmesi pazarlanabilir
verimi ve kaliteyi artirdigi gibi biiyiime mevsimini
uzatabilir (Baille, 1999). Seralarda yapilan bitkisel
iretimde en az enerji ve 1ig glci ile gelisim
etmenlerinin bitkilerin arzuladigr konfor sinirlari
arasinda tutulmasi gereklidir.

Yiksek teknolojiye sahip seralarda yapilan bitkisel
uretimde 1sitma giderleri bélge iklimine bagh olarak
%20-40 arasinda degisir (Baytorun ve ark.., 2017).
Seralarda 1sitma ayar sicakliginin optimum degerler
altinda tutulmasi o6nemli miktarda 1s1 tasarrufu
saglar. Ancak ayar sicakliginin optimum degerin
altinda tutulmasi1 bitki gelisimini olumsuz yonde
etkileyebilecegi gibi, kuru madde olusumu gibi diger
bitki 6zelliklerini de etkileyebilmektedir (Kérner ve
Challa, 2003a). Seralarda sicakhgin disiiriilerek
enerji tasarrufu konusunda yapilan bir arastirmada,
giinliik ortalama sicakligin 18°C (19/17°C) ve 16°C'de
(17/15°C) tutuldugu seralarda yapilan domates
uretiminde 2 kg m2 verim fark: elde edilirken, birim
alan i¢in 1.5 € m-2 fazla yakit tiiketilmigtir. Bu
kogullarda sicakligin distrilmesi konusunda karar
vermede domatesin pazar fiyatlar1 Onemli rol
oynamaktadir (Teichert, 2006).

Diizenli olarak 1sitilan seralarda 1s1 enerjisinin biytik
kism1 gece saatlerinde tiiketilmektedir (Baytorun,
2016; Baytorun ve ark.., 2017). Tantau (1998) tek kat
camla kapl bir serada 15°C'lik 1sitma ayar sicakligi
icin, gece enerji tiketiminin toplam enerji
tiketiminin yaklasik %70'1 oldugunu belirlemigtir.
Belirtilen nedenle, gece ayar sicakliginin 1-2°C daha
diisiik tutulmasi, farkl iklim boélgelerinde 1s1 enerjisi
tiikketimini %30'a kadar azaltabilmektedir (Elings ve
ark.., 2005; Gilli ve ark.., 2017; Langton ve Hamer,
2003; Spanomitsios, 2001).

Seralarda kullanilan iklim kontrol stratejilerinin
temel hedefleri, 1s1 tasarrufu, bitki blylimesinin
optimizasyonu, bitki sagligi ve kalitesinin tegviki ve

korunmasidir. Glnlimizde seralarda kullanilan
denetim stratejileri statik ve dinamik kontrol
stratejileri olmak tizere iki ana grup altinda
toplanmaktadar.

Seralarda kullanilan statik iklim kontroliniin en
buyluk dezavantaji, yuksek riuzgar hizi veya disik
sicakliklar gibi olumsuz dis iklim kosullarinda ortaya
citkan yliksek 1s1 enerjisi tiketimine engel
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stratejilerinde bitkilerin biiyime potansiyeline baglh
olarak tretim maliyetinde énemli paya sahip olan 1s1
enerjisi dis iklim kosgullarina goére diizenlenir.
Dinamik kontrol stratejisinin karakteristik 6zelligi,
sicakligin  sabit tutulmasi1 degil, farkli zaman
araliklarinda bitki biylime parametrelerine ve dis
iklim kogullarina bagh olarak sicakliklarin biytk
olciide degisebilmesidir (Baytorun, 2022).

Serada sicakhigin  yiksek oldugu donemlerde
bitkilerin biylmelerini hizlandirarak daha dusiik
sicaklik dénemlerini telafi ettikleri uzun bir stireden
beri bilinmektedir. Bu potansiyelden en iyi sekilde
faydalanmak amaciyla sicaklhigin yiliksek oldugu
doénemlerde bitkilerin biylimesine izin veren iklim
kontrol stratejilerini gelistirmek o6nemli miktarda
enerji tasarrufu saglayabilmektedir. Ancak bu
stratejide miusaade edilen dusik sicakliklar bitki
kalitesine zarar vermemeli ve bitkilerin hastaliklara
karst degisen duyarlihiklar1 dikkate alinmalidir.
Seralarda yapilan iklim denetiminde bireysel
stratejiler birbiriyle catigabilir. Ornegin, maksimum
enerji tasarrufu bitki biiylimesini sinirlandirabilecegi
gibi, bitkilerin sagligini da etkileyebilmektedir.

Seralarda enerji tasarrufu amaciyla son yillarda
uygulanan dinamik kontrol stratejilerinden biri
sicaklik toplamina goére yapilan denetimidir. Bu
yontem, sabit bir gece/giindiz sicakligi yerine kabul
edilen toplam sicakligin kontrol i¢in referans
degisken olarak kullanilmasidir. Seralarda gece
saatlerinde 1sitma ayar sicakliginin birka¢ saat
optimum degerin birkac¢ derece altinda ve gun i¢inde
kalan slirenin optimum degerin iizerinde tutulmasi
ile yapilan sicaklik diizenlemesi 1s1 enerjisi tasarrufu
agisindan 6nemlidir. Bu yontem, sicaklik
dalgalanmalarina olduk¢a hassas olan bitkiler harig,
¢ogu sera Uruini i¢in enerji tasarrufu igin iyi bir
segenektir. Bugiline kadar yapilan arastirmalar, bitki
bliyimesine sicaklik etkisinin giin 15181 kogullarinda
daha yiiksek oldugunu géstermistir (Challa ve ark..,
1995).

Yapilmis bir¢ok calisma, serada tretilen bitkilerin
¢ogunun sabit giindiiz/gece sicakliklardan ¢ok, uzun
stireli  sicaklik  ortalamasina tepki verdigini
gostermistir (Langhans ve ark.., 1985; Miller ve ark..,
1985). Bu nedenle, uzun siireli dinamik sicaklhik
denetimi, ortaya c¢ikan soguk bir gunu takip eden
giinlerden birinde telafi ederek seralarda daha
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yiksek 1s1 enerjisi tasarrufu saglayabilmektedir.
Dinamik sicaklik dizenlemesi, enerji tasarrufu
potansiyelini optimum araligin alt-kritik ve tst-kritik
sicakliklar arasinda analiz etmeye ve kullanic
tarafindan tamimlanan herhangi bir siire i¢in istenen
ortalama sicaklhigi saglamaya ¢aligan denetim
stratejisi olarak tanimlanmaktadir

Yapilan bu ¢alismada Tirkiye'de seraciligin yaygin
olarak yapildig1 Antalya ve dJeotermal seraciligin
yayginlastig1 Afyonkarahisar ilinin uzun yillik saatlik
iklim degerleri esas alinarak statik kontrol
stratejisine gore bir glnlik sicaklik toplami esas

alinarak yapilan dinamik kontrol stratejisinin
sagladignr 181 enerjisi  tasarrufu  belirlenmeye
calisilmigtir.

MATERYAL ve METOD

Serada 1s1 gereksiniminin hesaplanmasi, DIN 4701’e
gore yapilan alisilagelmis 181 gereksinim

hesaplamalarindan farkli olarak, dis sicaklik yerine
belirli bir sicakhiga kadar havalandirilmayan ve
1sitilmayan serada ortaya cikan gercek sicaklik ve
seranin Ozelligine bagh olarak ortaya c¢ikan sicaklik
yikselmesi dikkate alinarak Esitlik 1 yardimiyla
hesaplanmistir (Rath,1992).

Qus = B35 (((81 = B, — B0, * Ues * Ay + (1 = EEg)) ) [1]
Esitlikte;

Q.s: Toplam 1s1 gereksinimi (kWh a1

¥, Serada istenen sicaklik (°0)

9, o Isitilmayan seradaki gercek sicaklik (°C)
Adg,-Seranin 6zelligine bagh ortaya ¢ikan sicaklik
yiikselmesi (°C)

U, Is1 gereksinim katsayisi1 (W m2K1)

Ay Ortit yiizey alan1 (m2)

EEg: Is1 perdesi ile saglanan 1s1 tasarrufu (-)

t: Simiilasyon zaman araligi (1 h)

Isitilmayan ve  belirli bir sicakhiga kadar
havalandirilmayan seradaki sicakligin belirlenmesi
icin oncelikle gilinesten kazanilan ve seradan
kaybedilen 1s1 esas alinarak serada teorik olarak
ortaya c¢ikan sicakhik Esitlik 2 ile hesaplanmigtir.
Hesaplamalarda seraya ulagsan gilines 1siniminin
duyulur 1siya doniisim faktéri (1) 0.70 olarak
alinmistir (Tantau 1983, von Zabeltitz 1986).
qgs*T**Ag
Ucs*(1—EEgs)*An *
Esitlikte;
gcs: Seraya ulasan giines 151n1mi siddeti (W m2)
Ag: Sera taban alani (m?2)

19i,th =

Isitilmayan ve  belirli bir sicakhga kadar
havalandirilmayan serada ortaya ¢ikan sicakhik
(9i0n),  hesaplanan  teorik  sicakhk (9 ),

havalandirma ayar sicakligi (9,) ve dig sicaklik (9,)
dikkate alinarak Esgitlik 3’te verilen mantiksal
iligkilerle belirlenmistir (Rath, 1992).
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Yitn =9, ved, =9, ise 9,
Vien <9 veien >0y ise 9,y ={Vien
Degilse Yy

Esitliklerde;

I; ¢ -Belirli bir sicakliga kadar havalandirilmayan ve
1sitilmayan serada ortaya cikan teorik sicaklik (°C)
9, :Havalandirma ayar sicaklig1 (°C)

¥, s'Serada istenen sicaklik (°C)

Seralarda 181 kayiplarinin 6nlenmesi i¢in
havalandirma ayar sicaklig: ile 1sitma ayar sicakligi
arasinda en az 2°C fark olmalidir. Yapilan ¢calismada
serada gece/giindiiz sicaklik degerleri 16/20°C olarak
kabul edilmigtir. Verilen bu degerlere gore
hesaplanan toplam sicaklik dinamik kontrol igin
referans olarak alinmigtir. Daha sonra 1sitilmayan ve
programa tanimlanan havalandirma sicakligina gére
Esitlik 3’teki mantiksal ifadelerle belirlenen giindiz
saatlerindeki sicaklik degerleri toplami, bir ginlik
sicaklik toplamindan gikarilarak elde edilen deger,
gece uzunluguna bolinerek takip eden gecenin
saatlik sicaklik degerleri olarak belirlenmigtir.
Yapilan c¢alismada gece saatlerindeki minimum
sicakliklar 13-15°C arasinda alinmigtir. Toplam
sicakliga gore belirlenen gece sicakliklari 13°C’den
kiciik oldugunda, 13°C olarak alinmigtir.

Is1 gereksiniminin Egitlik 1’e gore hesaplanmasinda
kullanilan i¢ sicaklik degeri (9;) serada istenilen
sicaklik (9;5) degerine bagh olarak Esitlik 4’te verilen
mantiksal iligkilerle belirlenmigtir.

1-91' oH < 191'5 ise 191‘_5
, » }ﬁl — {
'Si,OH

Degilse
Gunlik toplam sicakliga gore yapilan 1s1 gereksinimi
hesaplamalarinda, havalandirma sicakliklar: 22-25°C
arasinda alinmigtir.

BULGULAR ve TARTISMA
Seralarda yapilan tretimde bitkiler 17-27°C’ye
adapte olup, Dbitkilerin gelisimlerini  saghkh

stirdiirebilmeleri igin gece-glindiiz sicaklik farki 5-8°C
olmalidir (Nisen ve ark.., 1988). Dinamik kontrol
stratejisinde gece gundiiz sicaklik farkinmin 4 - 8 °C
olmasi seralarda yapilan domates tretiminde kalite
ve verim Uzerinde olumsuz etkisinin olmadig yapilan
degisik  arastirmalar sonucunda  belirlenmigtir
(Shamim ve ark., 2019). Seracihigin yaygin olaréj
yapildign ~ Antalya ve  jeotermal seracﬂl;l
yayginlasmaya basladigi  Afyonkarahisar'da 1s1
perdeli seralarda sicakligin gece/giindiiz minimum
16/20°C’de ve havalandirma sicakliginin 22°C’de
tutulmak istenmesi durumunda gereksinilen 1s1
enerjisi degerleri Cizelge 1'de verilmigtir. Antalya
kogullarinda {iiretim periyodu boyunca toplam 1s1
gereksinimi 82.7 kWh m=2a! olurken, 69.9 kW h m2a-
Pa gece, 12.8 kWh.m2aVa giindiiz saatlerinde ihtiyac
duyulmaktadir. Afyonkarahisar iklim kogullarinda bu
deger 285.8 kWh m<2a! olmaktadir. Antalya’da
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diizenli olarak isitilan seralarda gundiz saatlerinde
tiketilen 1s1 enerjisi toplam 1s1 enerjisinin %15.5’ini1

olustururken, Afyonkarahisar’da bu oran %31.7'dir.

Cizelge 1. Antalya ve Afyonkarahisar’da dizenli 1sitilan 1s1 perdeli seralarda sicakligin gece/giindiz 16/20 °C’de
tutulmasi durumunda yilin aylarina bagh 1s1 gereksinimi

Table 1. Heat requirement depending on the months of the year in case the temperature is kept at 16/20 ° C day /

night in greenhouses with energy screen, which are regularly heated in Antalya and Afyonkarahisar

climate conditions.

Is1 Gereksinimi (kWh m-2a'1)

Heat Requirement (kWh m-<a-1)

hAd};)lrzlfhs Antalya Afyonkarahisar

Giindiiz Gece Toplam Gundiiz Gece Toplam

Day Night Total Day Night Total

Ocak 3.7 18.7 22.4 23.9 40.8 64.7
Subat 3.0 15.0 18.0 16.8 31.4 48.2
Mart 2.0 10.5 12.5 8.3 26.5 34.8
Nisan 0.8 3.9 4.7 4.1 14.2 18.3
Mayis 0.0 0.2 0.2 1.6 6.6 8.2
Haziran 0.0 0.0 0.0 1.2 1.6 2.8
Temmuz 0.0 0.0 0.0 0 0.2 0.2
Agustos 0.0 0.0 0.0 0 0.3 0.3
Eylal 0.0 0.0 0.0 1.1 3.5 4.6
Ekim 0.0 0.3 0.3 3.8 114 15.2
Kasim 1.0 6.60 7.6 8.5 25.2 33.7
Aralik 2.3 14.7 17.0 21.2 33.6 54.8
Toplam 12.8 69.9 82.7 90.5 195.3 285.8
Seralarda 1s1 enerjisi gereksinimi sera donanimina, s1cakhkla.rTlr.1da Gretim _periypdu boyunca gere}{sir_lile.zn
serada istenen sicakliga ve boélge iklimine bagh 181 enerjist deéeﬂerl Cl.zellge 2de yerllmlstlr.
degismektedir. Sekil 1’de Antalya ve Afyonkarahisar Antalya’da  statik  denetimin yapildigr serada

iklim kogullarinda serada istenen farkli sicaklik
degerlerine bagl gece, giindiiz ve toplam 1s1 enerjisi
gereksinimi verilmigtir. Antalya kosullarinda giindiiz
saatlerinde gereksinilen 1s1 enerjisi thmal edilecek
kadar kuguktir. Karasal iklimin hakim oldugu ve son
yillarda jeotermal seraciligin yayginlagtigi
Afyonkarahisar kosullarinda gundiz saatlerinde
ihtiya¢ duyulan 1s1 enerjisi serada istenen sicaklik
degerlerine goére 30-92 kW h m=2al! arasinda
degismektedir.

Antalya ve Afyonkarahisar iklim kosullarinda catisi
tek kat PE plastik, yan duvarlarn ¢ift kat PC ile kaph
151 perdeli seralarda farkli sicaklik degerleri i¢in gece
151 gereksinimin toplam 1s1 gereksinimine oranlari
Sekil 2’de verilmigtir. Antalya’da serada sicaklhigin
minimum 16°C’de tutulmak istenmesi durumunda 1s1
gereksiniminin  %98.1'ine, Afyonkarahisar'da ise
%79.5'ine gece saatlerinde ihtiya¢ duyulmaktadir.
Her iki iklim kogullarinda da 1s1 enerjisinin blytk
kismina gece saatlerinde ihtiya¢ duyulmaktadir.
Belirtilen nedenle seralarda gece saatlerinde
sicakligin kritik alt simirda tutulmasi ve eksik kalan
sicakligin gliindiiz saatlerinde havalandirma sicaklig:
yiksek tutularak telafi edilmesi 6nemli miktarda
enerji tasarrufuna olanak saglayacaktir.

Antalya iklim kosullarinda serada sicakligin
gece/giindiiz 16/20°C’de ve havalandirma sicakligini
220C’de tutulmasi durumunda statik denetim ve
dinamik denetime goére farkli havalandirma ayar
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gece/giindiiz sicakligin 16/20°C ve havalandirma ayar
sicakliginin  22°C’de tutulmasi durumunda tUretim
periyodu boyunca toplam 1s1 gereksinimi 82.72
kWhm-2a1l olurken, dinamik denetiminde gece
sicakligin minimum 15°C’de tutulmasi durumunda
gereksinilen toplam 1s1 %16 azalarak 69.49 kWh m2a-
1 olmaktadir. Serada havalandirma ayar sicakliginin
24°C’ye yikseltilmesi ve gece sicakliginin minimum
14°C’'de tutulmak istenmesi durumunda statik
denetimine gore dinamik denetimi ile tasarruf edilen
1s1 enerjisi 30.8 kWh m2a’! olmaktadir.

Bir gunlik sicaklik toplamina gére yapilan dinamik
sicaklik denetiminde tasarruf edilen 1s1 enerjisi,
havalandirma, 1sitma ayar sicakliklar1 arasindaki
farka ve gece saatlerinde seradaki minimum sicakliga
bagli olarak degismektedir. Antalya kosullarinda
statik denetim ve bir giinliikk sicaklik toplamina gore
yapilan dinamik denetimde, havalandirma, 1sitma
ayar sicakliklar1 arasindaki farka bagh olarak farkl
gece sicakliklarinda gereksinilen 1s1 enerjisi Sekil 3'te
verilmigtir. Sekilden de goriilecegi gibi statik denetim
stratejisinde serada sicakligin gece/giindiz 16/20°C’de
ve havalandirma, 1sitma ayar sicakliklar1 arasinda
20Clik  sicaklik  farkinin  olmasi  durumunda
gereksinilen 1s1 enerjisi 82.72 kWh m2a?! olurken,
havalandirma, 1sitma ayar sicakliklari arasindaki
farkin 5°C’ye ylukselmesi durumunda bu deger 80.91
kWh m2al olmaktadir. Bu da %2.2 enerji tasarrufu
anlamina gelmektedir.
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Sekil 1. Antalya ve Afyonkarahisar’da serada istenen farkli sicaklik degerlerinde gece, giindiiz ve toplam 1s1

gereksinimleri

Figure 1. Night, day and total heat requirements at different temperature values desired in the greenhouse in

Antalya and Afyonkarahisar
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Sekil 2. Antalya ve Afyonkarahisar’da serada istenen
sicaklik degerlerinde gece 1s1 gereksiniminin
toplam 1s1 gereksinimine oranlari

Figure 2. Ratios of night heat requirement to total

heat requirement at different temperature
values desired in the greenhouse in
Antalya and Afyonkarahisar

Antalya kosullarinda bir ginlik sicaklik toplamina
gore yapilan dinamik sicaklik denetiminde, gece
saatlerinde sicakligin minimum 15°C’de tutulmak
istenmesi ve havalandirma, 1sitma ayar sicakligi
arasindaki farkin 2°C olmasi1 durumunda gereksinilen
151 enerjisi 69.49 kWh m=2a! olurken, havalandirma,
1sitma  ayar sicakligi arasindaki farkin 5°C’ye
yikselmesi durumunda bu deger 67.45 kWh m=2a‘!
olmaktadir. Bu durumda tasarruf edilen 1s1 enerjisi
%2.9dur. Antalya kogullarinda dinamik sicaklik
denetiminde, gece saatlerinde serada sicakligin
minimum 14°C’de tutulmak istenmesi durumunda
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Sekil 3. Antalya kosullarinda statik ve dinamik
kontrol stratejisinde havalandirma
sicakligina ve havalandirma isitma sicaklik
farkina baglh olarak gereksinilen 1s1 enerjisi
degerleri

Figure 3. The heat energy values required in the
static and dynamic control strategy in Antalya
climate conditions depending on the
ventilation temperature and ventilation
heating temperature difference

artan havalandirma, 1sitma ayar sicakligi farkina
bagh olarak tasarruf edilen 1s1 enerjisi %15.6’ya, gece
sicakliginin minimum 13°C’de tutulmak istenmesi
durumunda bu deger %25.5’e yiukselmektedir.

Serada bir gunlik sicaklik toplamina gore yapilan
dinamik denetimde, tasarruf edilen 1s1 enerjisi, bélge
iklimine bagh olarak da degismektedir. Cizelge 3’te
karasal iklime sahip  Afyonkarahisar iklim
kogullarinda yapilan statik ve dinamik sicaklik
kontroliinde serada sicakligin gece/gindiiz 16/20°C’de
tutulmak istenmesi durumunda farkli havalandirma
set sicakliklarinda gereksinilen 1s1 enerji degerleri
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verilmigtir. Afyonkarahisar iklim kosullarinda serada
yapilan statik sicaklik denetiminde havalandirma ve
1sitma  set sicakliklari arasindaki farkin 2°C’den
5°C’ye yilkseltilmesi durumunda gereksinilen 1s1
enerjisi degismemektedir (Cizelge 3). Bir giinliik
sicaklik toplamina goére yapilan dinamik sicaklik
denetiminde gece saatlerinde serada sicakligin
minimum 15°C’de tutulmak istenmesi ve
havalandirma, 1sitma set sicakligir arasindaki farkin
2°C olmas1 durumunda gereksinilen 1s1 enerjisi
272.71 kWh m2a! olurken, havalandirma, 1sitma set

sicaklign arasindaki farkin 5°C’ye  yiikselmesi
durumunda bu deger 271.75 kWh m2al olmaktadir.
Bu durumda tasarruf edilen 1s1 enerjisi %0.4
olmaktadir. Serada bir gunlik sicaklik toplamina
gore yapilan dinamik denetiminde gece saatlerinde
serada sicakligin  minimum 14°C’de tutulmak
istenmesi durumunda artan havalandirma, 1sitma set
sicaklign farkina bagli olarak tasarruf edilen 1s1
enerjisi %2.04’e, gece sicakliginin minimum 13°C’de
tutulmak istenmesi durumunda bu deger %4.4’e
yikselmektedir.

Cizelge 2. Antalya iklim kosullarinda serada sicakligin gece/giindiiz 16/20°C ve havalandirma sicakliginin
22°C’de tutulmak istenmesi durumunda statik ve bir giinlik sicaklik toplamina goére farkh
havalandirma sicakliklarina gére yapilan dinamik denetimde gece ve giindiiz gereksinilen 1s1 enerjisi

Table 2. In the case of keeping the temperature in the greenhouse at 16/200C day/night and the ventilation

temperature at 22°C in Antalya climatic conditions, the heat energy required day and night in dynamic
control according to different ventilation temperatures according to the total of static and one-day

temperature

Is1 Enerjisi Gereksinimi (kWh m2a'!)
Heat Energy Requirement (kWh m?Za?)

Havalandirma Statik Denetim (Static Control) Dinamik Denetim (Dynamic Control)
Slca}{hgl Sabit Gece/Glindiiz Gece En Disiik 15°C Gece En Disiik 14°C Gece En Digiik 13°C
Ventilation Fixed Day/Night Night Minimum 15°C Night Minimum 14°C Gece Minimum 15°C
Temperature Giindii
Gindiiz Gece Toplam , Gece Toplam Giindiz Gece Toplam Giindiz Gece Toplam
Day Night  Total Day Night Total Day Night Total Day Night Total
22°C 12.82  69.90  82.72 12.82  56.67 69.47 12.82  52.40 65.22 12.82 52.04 64.86
23°C 12.60 69.49 82.08 12.60 5597 68.56 12.60 47.03 59.62 12.60 4491 57.50
24°C 12.38 69.09 8147 12.38 55.60 67.98 12.38 44.02 56.41 12.38  39.73  52.12
25°C 12.19 68.71 80.91 12.19 55.26  67.45 12.19 42.86  55.05 12.19 36.13 48.32
Cizelge 3. Afyonkarahisar iklim kosullarinda serada sicakligin gece/giindiiz 16/20°C ve havalandirma

sicakliginin 22°C’de tutulmak istenmesi durumunda statik ve bir giinliik sicaklik toplamina goére farkl
havalandirma sicakliklarina gére yapilan dinamik denetimde gece ve gindiiz gereksinilen 1s1 enerjisi
Table 3. In the case of keeping the temperature in the greenhouse at 16 / 20°C day/night and the ventilation
temperature at 22°C in Afyonkarahisar climate conditions, the heat energy required day and night in
dynamic control according to different ventilation temperatures according to the total of static and one-

day temperature

Is1 Enerjisi Gereksinimi (kWh m2a'?)
Heat Energy Requirement (kWh m?2a™)
Havalandirma Statik Denetim Dinamik Denetim
Sicaklig1 Static Control Dynamic Control
Ventilation Sabit Gece/Glindiiz Gece En Dugtk 15°C Gece En Dustk 14°C Gece En Dugtk 13°C
Temperature Fixed Day/Night Night Minimum 15°C Night Minimum 14°C Gece Minimum 15°C
Giindiz | Gece |Toplam| Gindiz | Gece |Toplam| Gindiz | Gece |Toplam| Gundiz | Gece |Toplam
Day Night | Total Day Night | Total Day Night | Total Day Night | Total
2200 90.79 |195.37|286.17| 90.79 |181.92(272.71| 90.79 |174.99 |265.78 | 90.79 |172.98 |263.77
23°C 91.09 |[195.01|286.10| 91.09 |180.85|271.94| 91.09 |171.50(262.59| 91.09 |166.32 |257.41
24°C 91.42 | 194.65|286.07| 91.42 |180.31|271.74| 91.42 |169.53|260.96| 91.42 |162.78 | 254.20
25°C 91.78 [194.31|286.09| 91.78 |179.97|271.75| 91.78 |168.57|260.35| 91.78 | 160.50 | 252.28
Antalya ve Afyonkarahisar iklim kosullarinda sicaklign 22°C) tasarruf edilen 1s1 enerjisi oranlar

gece/glindiiz 16/20°C sicaklik toplamina gére yapilan
dinamik kontrolde, serada gece sicakliginin minimum
14°C’de ve havalandirma sicakliginin 22°C-25°C
arasinda tutulmasi durumunda, statik sicakhik
kontroliine gére (gece/giindiiz 16/20°C, havalandirma

Sekil 4’te verilmistir.

Antalya iklim kosullarinda serada sicakligin
gece/giindiiz  16/20°C, havalandirma sicakliginin
220C’de tutuldugu kogullarda dinamik kontrol
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stratejisi  ile  %21.2 1s1  enerjisi  tasarrufu
saglanabilirken, havalandirma, 1sitma sicaklik
farkinin 5°C’ye yukseltilmesi durumunda bu oran
%33.4 olmaktadir. Afyonkarahisar iklim kogullarinda
ise havalandirma, 1sitma sicaklik farkinin 2°C oldugu
kogullarda tasarruf edilen 1s1 enerjisi %7.1 olurken,
havalandirma, 1sitma sicakhik farkinin 5°C olmasi
durumunda bu oran %9.0’a yikselmektedir.

—8— Antalya —¥— Afyon

S 35

‘B

2 30 518 33,4

g 25 27,9

=

& 20 T 21,2

o

Z 9,0

< 8,2 8,8 ’

B 10 - 71 : ’ o

qs S ——

£ 5

o

[}

®

& 2 3 4 5

Havalandirma Isitma Sicaklik Fark: (°C)

Sekil 4. Antalya ve Afyonkarahisar iklim

kogullarinda serada farkli havalandirma

1sitma set sicakliklari farkina goére yapilan
dinamik kontrolle statik kontrole goére
tasarruf edilen 1s1 enerjisi oranlar:

Figure 4. The rates of heat energy saved Iin the
greenhouse In Antalya and Afyonkarahisar
climatic conditions compared to static control
by dynamic control based on the difterence of

different  ventilation and  heating set
temperatures

SONUC ve ONERILER

Turkiye’de son yillarda kurulan ileri teknoloji

seralarinda diizenli 1sitma yapilmakta ve i¢ ortam
sicakliklar1 statik denetime gore iklim bilgisayarlar:
tarafindan kontrol edilerek bitkiler i¢in gerekli konfor
ortam1 saglanmaktadir. Ancak seralarda yapilan
uretimde artan yakit giderleri nedeniyle gece
saatlerindeki sicakliklar agsag: ¢ekilerek 1s1 tasarrufu
saglanmaya c¢alisgilmaktadir. Bu durumda gece
saatlerinde belirli bir dereceye kadar dustrilen
sicakliklarin, giindiiz saatlerinde havalandirma
sicakhign yiiksek tutularak tretimdeki kayiplarin
ortadan kaldirilmasi dinamik denetim stratejisi ile
mimkiin olabilmektedir.

Seralarda dinamik kontrol stratejisine gore yapilan
sicaklik denetiminde gece sicakliginin 13°C’ye
distiriilmesi durumunda 1liman iklim bélgelerinde
tasarruf edilen 1s1  enerjisi  %40lara kadar
yikselmektedir. Ancak serada gece saatlerinde
sicaklhigin alt kritik sicaklik olan 13°C’ye cekilmesi,
yogusma tehlikesi yaratabilirken, gece glindiz
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sicaklik  farkinin  12°C’ye  yukseltilmesi  bitki
bliyimesinde olumsuzluklarin ortaya c¢ikmasina
neden olabilmektedir (Goldmeyer, 2019). Belirtilen
nedenle Antalya iklim kosullarinda dinamik kontrol
stratejisine gore serada gece sicakliginin minimum
14°C’de havalandirma sicakliginin 22°C’de tutuldugu
kogullarda statik kontrol stratejisine goére tasarruf
edeilen 1s1 enerjisi %21.2 olmaktadir. Afyonkarahisar
iklim kosullarinda serada yapilan statik denetime
gore dinamik kontrol stratejisiyle tasarruf edilen 1s1
enerjisi  %7.1’dir. Bir gunlik toplam sicaklik
stratejisine gore yapilan dinamik denetimde 1s1
enerjisi tasarrufu, i1liman iklim bolgelerinde daha
etkili olmaktadir.

Aragtirmacilarin Katki Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir cikar
catismasi olmadigini beyan ederler.

KAYNAKLAR

Baille A 1999. Greenhouse structure and equipment
for improving crop production in mild winter
climates. Acta Hort., 491: 37—47.

Baytorun AN 2016. Seralar. Sera tipleri, donanimi ve
iklimlendirmesi. Nobel yayinevi 415 syf.

Baytorun AN, Akytiz A, Ustin S, Cayh A 2017.
Antalya Iklim Kosullarinda Farkli Donanimlara
Sahip Seralarin Is1 Enerjisi Gereksiniminin
Belirlenmesi. Turk Tarim -Gida Bilim ve
Teknoloji Dergisi, 5 (2):144-152

Baytorun AN 2022. Seralarda iklimlendirme. Nobel
yayin evi 490 sayfa.

Challa H, Heuvelink E, Meeteren U 1995. Crop
growth and development. In Spanomitsios (eds).
SEdstructure and environment: Temperature
control and energy conservation in a plastic
greenhouse. Journal of Agricultural Engineering
Research, 80(3): 251-259.

Elings A, Kempkes FLK, Kaarsemaker RC, Ruijs
MNA, van de Braak NdJ, Dueck TA 2005. The
energy balance and energy saving measures in
greenhouse tomato cultivation. ISHS Acta
Horticulturae, 691: 67-74.

Gilli C, Kempkes F, Munoz P, Montero JI, Giuffrida
F, Baptista FdJ, et al. 2017. Potential of different
energy saving strategies in heated greenhouse. In
IIT international symposium on  organic
greenhouse horticulture, 1164: 467-474.

Goldmeyer T 2019. Greenhouse Management. A guide
to Operations and Technology. 406 syf.

Korner O, Challa H 2003a. Design for an improved
temperature integration concept in greenhouse
cultivation. Computers and Electronics 1in



KSU Tarim ve Doga Derg 25 (5): 1119-1126, 2022
KSU J. Agric Nat 25 (5): 1119-1126, 2022

Aragtirma Makalesi
Research Article

Agriculture, 39(1): 39-59.

Langton FA, Hamer PJC 2003. Energy efficient
production of high-quality ornamental species.
Final Report to Defra, Project HH1330.

Langhans RW, Wolfe M, Albright LD 1985. Use of
average night temperatures for plant growth for
potential energy savings. Acta Horticulturae,
115:31-36.

Maeritz U 2011. Potential von Energieeinsparungen
durch computergestiitzte Klimastrategien bei
Fruchtgemiise unter Glas. Produktion und Kosten
im Griff-Energie-Optimierung im
Gartenbaubetrieb. Gemiiseerzeugerring.
Prodiiktionstechnische Beratung.

Miller WB, Albright LD, Langhans RW 1985. Plant
growth under averaged day/night temperatures. In
Symposium greenhouse climate and its control,
174:313-320.

Nisen A, Grafiadellis M, Jiménez R, La Malfa G,
Martinez-Garcia PF, Monteiro A, Verlodt H,
Villele O, Zabeltitz Cv, Denis Jec, Baudoin W,
Garnaud Jc 1988. Cultures protegees en climat
mediterranean. FAO, Rome.

Rath T 1992. Einsatz wissensbasierter Systeme zur

Modellierung und Darstellung von

1126

Gartenbautechnischen Fachwissen am Beispiel
des  hybriden  Expertensystems HORTEX.
Gartenbautechnische Informationen, Heft 34,
Institut fiir Technik im Gartenbau der Universitat
Hannover.

Shamim A Md, Guo H, Tanino K 2019. Energy saving
techniques for reducing the heating cost of
conventional greenhouse. Biosystems Engineering,
178:9-33.

Spanomitsios GK 2001. Temperature control and
energy conservation in a plastic greenhouse.
Journal of Agricultural Engineering Research,
80(3): 251-259.

Tantau HJ 1983. Heizungsanlagen im Gartenbau.

Verlag Eugen Ulmer, Stuttgart.

Tantau HJ 1998. Energy saving potential of
greenhouse climate control. Mathematics and
Computers in Simulation, 48(1): 93-101.

Teichert A 2006. Zielsetzung Energieeinsparung.
Moglichkeiten und technische MaBnahmen in
Gewichshausanlagen. Obst- und Gartenbau.
Landinfo 3/2006

Zabeltitz Chr 1986. Gewichshéuser. Verlag Eugen-

Ulmer 1986.



KSU Tarim ve Doga Derg 25 (5): 1127-1133, 2022
KSU J. Agric Nat 25 (5): 1127-1133, 2022
https://doi.org/10.18016/ksutarimdoga.vi.910496

The Effect of Some Meteorological Parameters on Wireless Data Transmission

Celil Serhan TEZCAle, Kemal Sulhi GUNDOGDU?

1Bandirma University, Mechatronic Engineering Department, Bandirma, Tirkiye, 2Bursa Uludag University, Agricultural Faculty,

Biosystems Engineering Department, Bursa, Tirkiye
thttps://orcid.org/0000-0002-3423-9402, 2https://orcid.org/0000-0002-5591-4788
P4 cstezcan@gmail.com

ABSTRACT

It is essential to bring together the data measured in agricultural
lands, greenhouses and animal shelters transmit to follow the data
online. Wireless and wired systems have advantages and
disadvantages. In wired systems, there is a cost of cabling, but data
can be transmitted more securely. In wireless systems, system
installation is cheap, but there are losses in data transmission.
Wireless data transmission carried out in the outdoor environment
takes place under surrounding climatic conditions. In this study, the
effect of atmospheric meteorological factors on data loss in wireless
data transmission system was tried to be determined. For this
purpose, the losses that occur during the transfer of the data
measured in the greenhouse in Bursa Uludag University Faculty of
Agriculture Research Farm to the office 150 m away are discussed.
Temperature, humidity, precipitation, wind speed and atmospheric
pressure were used as meteorological parameters, and 4 different
frequencies from the civil use frequency range (2420, 2440, 2460 and
2480 Mhz) were used as data transmission frequency. The SPSS
package was used for the correlation analysis with the data set.
According to the results of the correlation analysis, relative humidity
has a statistically significant effect on the data transmission losses
at all data transmission frequencies (p<0.01). The temperature on
the data transmission losses at 2420 and 2480 Mhz frequencies and
atmospheric pressure at 2440 and 2480 Mhz frequencies have a
statistically significant effect (p<0.01). The effect of wind speed on
data transmission losses 1s statistically significant at data
transmission frequencies other than 2460 Mhz frequency (p<0.01).
The precipitation amount has no statistically significant effect on the
data transmission losses at all data transmission frequencies.
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Baz1 Meteorolojik Parametrelerin Kablosuz Veri Tletimi Uzerindeki Etkisi

OZET

Tarimsal arazilerde, seralarda ve hayvan barinaklarinda olgiilen
verilerin bir araya getirilmesi, verilerin online takip edilmesi i¢in
esastir. Kablosuz ve kablolu sistemlerin avantajlari  ve
dezavantajlari vardir. Kablolu sistemlerde kablolama maliyeti vardir
ancak veriler daha gitivenli bir sekilde iletilebilir. Kablosuz
sistemlerde sistem kurulumu ucuzdur ancak veri iletiminde kayiplar
vardir. Dis ortamda gerceklestirilen kablosuz veri iletimi, ¢cevre iklim
kogullarinda gergeklesir. Bu c¢alismada kablosuz veri iletim
sisteminde atmosferik meteorolojik faktorlerin veri kaybina etkisi
belirlenmeye caligilmigtir. Bu amacla Bursa Uludag Universitesi
Ziraat Fakultesi arastirma ciftliginde serada 6l¢tlen verilerin 150 m
uzakliktaki ofise aktarilmasi sirasinda meydana gelen kayiplar
tartisilmigtir. Meteorolojik parametreler olarak sicaklik, nem, yagis,
rizgar hizi ve atmosferik basing, veri iletim frekansi olarak ise sivil
kullamim frekans araliindan (2420, 2440, 2460 ve 2480 Mhz) 4
farkli frekans kullanilmigtir. Veri seti ile korelasyon analizi i¢in
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SPSS paketi kullanilmigtir. Korelasyon analizi sonucglarina gore,
bagil nemin tim veri aktarim frekanslarinda veri aktarim kayiplari
lizerinde istatistiksel olarak anlaml bir etkisi vardir (p<0.01).
Sicaklik 2420 ve 2480 Mhz veri iletim frekansinda, atmosfer basineci
ise 2440 ve 2480 Mhz veri iletim frekanslarinda veri aktarim
kayiplar1 tizerinde istatistiksel olarak anlamli bir etkiye sahiptir
(p<0.01). Riizgar hizinin veri iletim kayiplarina etkisi 2460 Mhz
frekans1 digindaki veri iletim frekanslarinda istatistiksel olarak

anlamhdir (p<0.01). Yagis miktarinin tiim

verl

aktarim

frekanslarinda veri aktarim kayiplar1 tizerinde istatistiksel olarak

anlaml bir etkisi olmadigi sonucu elde edilmigtir.

Atif Sekli:

Tezcan CS, Giindogdu KS 2022. Bazi Meteorolojik Parametrelerin Kablosuz Veri Iletimi Uzerindeki Etkisi.

KSU Tarim ve Doga Derg 25 (5): 1127-1133. https://doi.org/10.18016/ksutarimdoga.vi.910496

To Cite : Tezcan CS, Gindogdu KS 2022. The Effect of Some Meteorological Parameters on Wireless Data
Transmission. KSU J. Agric Nat 25 (5): 1127-1133. https‘//doi.org/10.18016/ksutarimdoga.vi.910496
INTRODUCTION there are limited studies that reveal the common

Wireless sensor networks can be used indoors as well
as outdoors conditions. There are various factors that
affect the data transmission of sensor networks.
While  metal-dense  environment in  closed
environments affects wireless transmission, climate
parameters under open-air conditions can influence
the quality of data transmission (Bannister et al.,
2008). Wireless sensors can be placed in different
locations on the open field, anywhere without
restrictions. Due to the advantage of wireless
transmission, it is possible to transmit data over long
distances. However, the variation of atmospheric
conditions from location to location may also have an
effect on data transmission. Wireless data
transmission in outdoor conditions may have an
impact on the quality and quantity of data.
Significant decreases in system performance may
occur (Luomala and Hakala, 2015). It is important to
investigate the factors affecting the radio connection
quality in order to reduce the effect of atmospheric
conditions on wireless transmission and to adapt to
changing conditions (Luomala and Hakala, 2015).
Climate parameters that can be effective in wireless
transmission are parameters such as humidity,
temperature, fog, rain and snow. Various researchers
have investigated these effects on this subject
(Nadeem et al., 2010).

One of the key questions is “How does atmospheric
conditions affect the ability of wireless sensor
network (WSN) nodes to communicate?”. Partial
answers to this question can be found in the
literature (Marfievici et al., 2013). In some studies,
the applicability of knowledge-centered network
architecture for wireless sensor devices, 1its
advantages and current shortcomings have been
examined by considering the studies in the literature
(Erig and Boluk, 2021).

As a result of researches, it 1is known that
temperature changes affect the performance of
wireless sensor networks deployed outside. However,

1128

effect of other climate parameters besides the
temperature parameter (Boano et al., 2010).

In this study, it was tried to determine the effects of
parameters such as temperature, humidity,
precipitation, wind speed and atmospheric pressure
on wireless data transmission in open air conditions
at 2420, 2440, 2460 and 2480 Mhz frequencies.

MATERIAL and METHODS

This study tried to determine the effect of
temperature, humidity, precipitation, wind speed and
atmospheric pressure, seasons, months, days and
nights, and days of the week (working days and
weekend) parameters on data transmission loss at
different frequencies. Sensors measuring at different
locations within the Uludag University Faculty of
Agriculture greenhouse send the data to a collection
station located within the greenhouse. Wireless data
transmission takes place entirely under atmospheric
conditions and the influence of meteorological factors.
The hypothesis that meteorological factors may affect
the number of data transmitted in wireless data
transmission was investigated in the study. If there
were no environmental or systemic impact, the hourly
data numbers sent from the greenhouse and received
by the receiver in the office would be equal. The
difference between the number of hourly data
transmitted and the number of data acquired will be
zero. Many researchers have concluded that
atmospheric meteorological conditions have an effect
on wireless data transmission (Cayli and Mercanl,
2017; Luomala and Hakala, 2015; Wennerstrom,
2013; Boano et al., 2010).

At the collection station, the Raspberry Pi computer
with a time sensor was used. The Raspberry Pi is a
"real computer" the size of a credit card. It is used by
everyone because of its capacity to do most things a
computer can do, its small size and affordable price.
The data was saved onto the SD card and sent to the
Raspberry Pi computer in the office located 150 m
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away with the communication module (nRF24L01).
The communication module has a transceiver feature.
It is a module with low power consumption that
allows you to communicate wirelessly at 2.4GHz
frequency. Operating Range (Km) is 1 km with
antenna, 100 m without antenna. There was no
structure between the greenhouse and the office, data
transmission performed under completely open
atmosphere conditions (Figure 1). The data received
by the Raspberry Pi computer in the office were
recorded on the SD card. The frequencies of 2420,
2440, 2460 and 2480 Mhz were used to determine
whether different frequencies have an effect on the
data transmission. The same data is transmitted at
each of these frequencies (Figure 2). Meteorological
data were measured at the Turkish State

Meteorological Service station within the University
and the Agricultural Monitoring and Information
System station of the Ministry of Agriculture and
Forestry in the University. Temperature, relative
humidity, precipitation, wind speed, and atmospheric

Faculty of Agriculture

pressure values were used as meteorological data.
Each meteorological data were divided into class
ranges for evaluation easiness (Table 1).

Data measurement and transmission from sensors
took place every 5 minutes. To reduce the number of
data to be evaluated, the number of data collected
hourly was determined. The transmission data
obtained from 10 different sensors in the greenhouse
was transmitted via a wireless connection. Thus, the
data used in the study could be matched with hourly
meteorological data. Date and time information
obtained from the time sensor used in the system was
used in the pairing. The differences between the
number of data recorded every hour in the
greenhouse and the number of data recorded
simultaneously in the office were calculated
separately for each transmission frequency. Thus,
losses in data transmission were determined on an
hourly basis. The study was carried out to cover 12
months in 2016-2017. The SPSS package was used for
the correlation analysis with the data set.

Figure 1. The Greenhouse and Office Locations Where the Study was Carried out at Bursa Uludag University,

Sekil 1. Bursa Uludag Universitesi, Ziraat Fakiiltesinde Calismanin Yiiriitildiigii Sera ve Ofis Konumlari

Read from . Close

Open .
Sensors Sensors Sensors

Transfer Transfer
Data to Data to
’ Open Radio . Collector . Rasspery Pi
Rasspery Pi Computer
Computer in Office

Figure 2. Flowchart for data collect and transfer of data
Sekil 2. Veri toplama ve veri aktarimi i¢cin akis semasi
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Table 1. Class ranges used for meteorological parameters

Cizelge 1. Meteorolojik parametrelerin siniflandirmasi

Atmospheric  Wind e Relative
Temperature, . Precipitation, . 1
Classes °C Pressure, Velocity, humidity Season
. mm o
mbar m sn’! , %

1 <16 <1012 <3 <1 <60 9.,10. and 11.month

2 16 - 19 1012 — 1013 3-6 1-3 60 - 70 12.,1. and 2. month

3 19 - 22 1013 -1014 6-9 3-4 70 - 80 3.,4. and 5. month

4 22 - 25 >1014 >9 >4 >80 6.,7. and 8. month

5 >25
RESULTS and DISCUSSION meteorological conditions between months are
It was observed that the data set were not effective in data loss in wireless data transmission.

homogeneous and incompatible with the normal
distribution. Therefore, the spearman distribution
option of the SPSS package was used for the
correlation analysis with the data set. According to
the results of the correlation analysis, relative
humidity has a statistically significant effect on the
data transmission losses at all data transmission
frequencies (p<0.01). The temperature on the data
transmission losses at 2420 and 2480 Mhz
frequencies and atmospheric pressure at 2440 and
2480 Mhz frequencies have a statistically significant
effect (p<0.01). The wind speed has statistically effect
on the data transmission losses except at 2460 Mhz
frequencies (p<0.01). The precipitation amount has no

statistically  significant effect on the data
transmission losses at all data transmission
frequencies.

When data transmission losses are analyzed monthly,
data transmission losses differ according to months
(p<0.01). This shows that the differences in

When the losses in data transmission are analyzed on
a seasonal basis, it is concluded that the differences
in meteorological conditions between seasons have a
significant effect on wireless data transmission at all
data operating frequencies except the 2460 Mhz
frequency (p<0.01). When wireless data loss was
compared during the daytime (07:00-18:00) and
nighttime (18:00-07:00), significant differences were
obtained in all data transmission frequencies
(p<0.01). There is statistically significant difference
between wireless data transmission losses on working
days and holidays except for the 2480 MHz wireless
data transmission frequency (p<0.05). With the
increase in human traffic in the area where this study
is carried out, the wireless data signals of mobile
phones, radios and vehicles may increase on working
days. Increased wireless traffic may have an impact
on wireless data transmission loss. However, no
wireless data traffic measurement has been made to
test this (Table 2).

Table 2. Correlation Coefficients for Data Transmission Loss between Different Frequency and Other

Parameters
Cizelge 2. Farkl Veri Iletim Frekanslari ile Diger Parametreler Arasindaki Korelasyon Katsayilari
Data Data Data Data
transmission loss transmission loss transmission loss transmission loss
for 2420 Mhz for 2440 Mhz for 2460 Mhz for 2480 Mhz
Months -.184™ -.284" -.078" -.123™
Seasons 148" 207 .006 149"
Working days and weekend -.025 .025 -.025 -.002
Day and night 070" 084" 071" 047"
Temperature .042™ .005 .001 .082™
Relative Humidity -.085™ -.105™ -.090™ -.097
Wind Velocity .088™ .148™ .023 .085"
Precipitation -.001 -.021 -.001 -.017
Atmospheric Pressure -.010 -.045™ .019 -.051*
Temperature Classes .016 .001 -.008 .056™*
Relative Humidity Classes -.092* -.109™ -.087" -.073"
Precipitation Classes .016 -.005 .019 .001
Wind Velocity Classes 067 .148™ -.004 .063™
Atm.Pressure Classes .011 -.027" .024* -.056™
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Cayli and Mercanl (2017) determined the effect of
greenhouse indoor environmental conditions on
wireless data transmission performance. Their results
showed that high relative humidity had a positive
effect on the signal strength, while high temperature
had a negative effect on the signal strength. In a
study conducted in Sonoran Desert of the
southwestern United States, the effect of temperature
changes between 25-65 ° C on the Received Signal
Strength (RSS) in wireless data transmission was
investigated. It has been determined that there is a
decrease in RSS with the increase in temperature
(Bannister et al., 2008). In another study conducted to
determine the effect of both ambient temperature and
relative humidity values on the received signal
strength, it was concluded that there was an inverse
relationship between the temperature and the
received signal strength. There was a correct
relationship between the relative humidity and the
received signal strength. When linear regression
analysis was performed with the data power
transmitted together with temperature and relative
humidity values, it was concluded that the
relationship is linear in the months when the
temperature is high. There was no linear relationship
in the months when the temperature is low (Luomala
and Hakala, 2015). In another study, it has been tried
to determine the effect of climatic factors on Packet
Reception Ratio (PRR) in WSN. As a result of the
correlation analysis, an inverse correlation was found
between temperature, absolute humidity, sun time,
and PRR, the correct correlation between relative
humidity, rainfall, and PRR (Wennerstrém, 2013).

The temperature has been the main focus in past
research, but there are discrepancies in the findings.
According to the Holland et al. (2006), temperature
has no impact on received signal strength indicator.
Their view is also shared by Anastasi et al. (2004) do
not observe a change in packet receptions over
different distances during varying environmental

Table 3. Wilcoxon 2 related samples test results
Cizelge 3. Wilcoxon 2 iliskili érnek test sonuglari

conditions. In contrast, other studies Bannister et al.
(2008) and Boano et al. (2010) show how higher
temperature can reduce the received signal strength
on a sensor node.

There 1s no statistically significant relationship
between rainfall and data loss in the data
transmission in our study. The results obtained from
other researchers' studies show (Anastasi et al., 2004)
that rain and fog cause a decrease in packet reception
ratios. Another research (Boano et al., 2010) shows
that rainfall, fog, and snowfall had no severe impact
on the received signal strength during non-extreme
conditions.

Our study concluded that the effect of daytime and
nighttime on data loss in data transmission is
statistically significant (p<0.01 level). At the same
time, it was concluded that the time of day is
statistically significant on data losses (p<0.01 level).
In another study (Sun and Cardell-Oliver, 2006) show
how PRR fluctuates during daytime and nighttime.
Other researchers have also noted that there can be a
large variation in the received signal strength and
radio link performance during daytime and nighttime
(Thelen, 2004).

Wilcoxon Related Two-Sample Tests were conducted
to determine whether the amount of data
transmission loss in different wireless data
transmission frequencies in the same atmospheric
conditions is compatible with each other (Table 3).
For this purpose, all frequencies were tested in pairs.
It was concluded that the data loss amounts at all
frequencies were statistically different from each
other (p<0.01). When the hourly averages of the data
losses in the different frequencies are sorted from
lowest to highest, the lowest data loss was obtained at
the frequency of 2460 Mhz. The highest data loss was
received at the frequency of 2440. Data losses from
small to large were 2460, 2420, 2480, and 2440 Mhz,
respectively.

Test Statistics

Loss2440 -  Loss2460 -

Loss2420 Loss2420

V/ -12.722b -3.079¢
Asymp. Sig. (2-tailed) .000 .002

a. Wilcoxon Signed Ranks Test
b. Based on negative ranks.
c. Based on positive ranks.

Loss2480 Loss2460 - Loss2480 - Loss2480 -
- Loss2420 Loss2440 Loss2440 Loss2460
-4.278b -20.637¢ -4.311¢ -10.835b
.000 .000 .000 .000

When the data losses in the classes in Table 1 were
evaluated based on the class average the difference

between classes was found to be insignificant
statistically. Although the difference between classes
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is insignificant, the amount of data loss within the
class is given in Table 3 in order from smallest to
largest. For example, at 2420 Mhz wireless data
transmission frequency, the lowest data loss occurred
in the 5th class range at temperature, the highest
data loss occurred in the 3rd class range at
temperature (Table 4).

The fact that a large number of sensor data has been
examined in the study has shown statistically that
there is an interaction between data transmission and
meteorological parameters. However, the R? values of
this relationship less than 0.5 may be evidence that

the relationship is not very strong. The results of
other researchers' findings that are completely
opposite from each other may explain this issue. If the
data stack is too large, the result will be statistically
more representative of the data mass. However, the
large amount of data stack will bring the effects of
data fluctuations closer to the average value. This
situation will cause the effect of short-term variable
data to not be observed. Therefore, a suitable solution
would be to reduce the data in the data stack to the
minimum size that will represent the stack.

Table 4. The sorted list of class from lowest to highest data loss
Cizelge 4. En diigtikten en yiiksek veri kaybina kadar siralanmigs sinif listesi

Classes 2420 Mhz 2440 Mhz 2460 Mhz 2480 Mhz
Temperature 5<1<4<2<3 4<3<2<5<1 5H<4<3<2<1 2<1<4<3<5H
Humidity 3<4<1<2 3<2<4<1 4<2<1< 3 4< 2< 3<1
Precipitation 4<1<2< 3 4<2<1< 3 4<2<1< 3 4<1<2< 3
Wind Speed 4<3<1<2 2< 1< 3<4 4< 3<2<1 2<1<3<4
Atmospheric 1< 3<4<2 1<3<4<2 1<3<2<4 9<3<4<1
Pressure
CONCLUSIONS E 2004. Performance measurements of motes

According to the study results, there is a positive
relationship between temperature and wind speed
values with data losses in the data transmission and
a negative relationship between relative humidity
values. According to the results of the study, relative
humidity has a significant effect on data losses in
wireless data transmission at 4 different frequencies
(2420, 2440, 2460 and 2460 Mhz). Temperature has
no effect on wireless data transmission losses at 2440
and 2460 MHz frequencies. When the temperature,
humidity, precipitation, wind speed and pressure
factors are evaluated together, 2460 Mhz wireless
data transmission frequency can be preferred.
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ABSTRACT Agricultural Mechanization
In this study, the drying properties of onion slices were
experimentally investigated under the different drying temperatures Research Article
of 45, 50, 55, and 60°C for different thicknesses of 2, 3, 4, and 5mm. . .
The drying characteristics of the onion slices were significantly Artlc.le Hlstory.
influenced by drying temperature. Thin slices with higher Received 202'06'2021
temperature dried in the shortest time while thick slices with low Accepted - 14.10.2021
temperature took longer to dry. In modeling drying curves, the K d

. . 4 . . . eywords
moisture ratio values of the onion slices were compared with five Onion

models commonly used in the literature. In addition, Gene Hot ai
. . . ot air dryer
Expression Programming (GEP) was used to model the drying GEP model
characteristics of the onion slices, and mathematical formulas were
derived to calculate moisture ratio values. The results indicated that
the moisture ratio values predicted by all models agreed with the
experimental moisture ratio values for onion slice samples at
different temperatures. The scientific findings we obtained here
showed that the two model provided a better simulation of onion
slice drying kinetics than other models in different experimental
temperature and thickness ranges. Also, the GEP model was able to
usefully determine the moisture ratio of onion slices with
appropriate accuracy in a shorter time without the need for
complicated formulas.

Sogan Dilimlerinin Kuruma Ozelliklerinin Modellenmesinde Gen Ifade Programlamasinin (GEP)
Kullanimi (Allium Cepa)

OZET Tarimsal Mekanizasyon
Bu calismada sogan dilimlerinin kuruma 6zellikleri 45, 50, 55 ve

60°C farkli kurutma sicakliklarinda ve 2, 3, 4 ve 5 mm Aragtirma Makalesi
kalinliklarinda deneysel olarak incelenmigtir. Sogan dilimlerinin

kuruma  ozellikleri  kurutma sicakligindan 6nemli 6l¢tide Makale Tarihgesi
etkilenmigtir. Yiksek sicakliktaki ince dilimler daha kisa siirede Gelig Tarihi  :02.06.2021
kururken, diisiik sicakliktaki kalin dilimlerin kurumasi1 daha uzun Kabul Tarihi :14.10.2021
sirmigstir. Kurutma egrilerinin modellenmesi i¢in sogan

dilimlerinin nem oram degerleri, literatirde yaygin olarak Anahtar Kelimeler
kullanilan bes model ile karsilagtirilmigtir. Ayrica sogan dilimlerinin Sogan

kurutma ozelliklerinin modellenmesi i¢in Gen Ifade Programlama Sicak hava kurutucu
(Gene Expression Programming, GEP) kullanilmistir. Nem orani GEP modeli

degerlerinin hesaplanmasi i¢cin matematiksel formiiller gitkarilmigtir.
Sonuglarin, tim modeller tarafindan tahmin edilen nem oram
degerlerinin, farkh sicakliklarda sogan dilimi 6rnekleri i¢in deneysel
nem orani degerleriyle uyumlu oldugu gorilmistiir. Burada elde
ettigimiz bilimsel bulgular, two-term model, farklh deneysel sicaklik
ve kalinhk degerleri araliginda sogan dilimlerinin kurutma
kinetiginin digerlerine gore daha iistiin simiilasyonunu sagladigini
belirlemigtir. Bununla birlikte, GEP modeli, sogan dilimlerinin nem
orani degerlerinin karmasik formiillere ihtiya¢ duymadan daha kisa
stirede ve uygun dogrulukla belirlenmesinde kullanigh olmustur.
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INTRODUCTION

The onion (Allium cepa L.) is originated in Central
Asia. It belongs to the Alliaceae family and is an
important commercial crop. The onion is a vegetable
with economic and cultural importance in Turkey,
where consumption is very common (Candar, 2013). It
is used as a vegetable or flavoring (Muhammad et al.,
2017). Onions are planted on over 60000 hectares in
Turkey, and 2200000 tons are produced annually
(TUIK, 2020). Especially when the demand for
dehydrated onions is high, there is a need to develop
effective and efficient techniques for drying. .

Due to their relatively high moisture content, spring
onions have a short shelf life. Dried onion can be
consumed in numerous ways such as directly, in
drugs and medical treatments, as a spice, as a food
additive, or in instant soups or salad dressings.
However, it also needs to be noted that the
physicochemical properties of the onion may be
altered during the drying process (Talens et al.,
2017).The drying process can improve the efficiency of
packaging, storing, and transporting the product
(Sharma et al., 2005 a). Drying is one of the most
frequently used techniques for preservation as it can

prevent the growth and reproduction of
microorganisms (Wang et al., 2017).
Blanco-Cano et al. (2016) conducted the

thermogravimetric analysis of the thin-layer drying
kinetics of apples. The experimental drying curves
obtained were fitted to the Wang-Singh equation, so
that the moisture ratio of apples was predicted.
Szadzinska et al. (2017) showed that hybrid drying
methods considerably shortened drying time, reduced
energy consumption, and positively influenced

m—

product quality factors. Rabha et al. (2017)
determined the drying characteristics of Ghost Chilli
peppers and selected the drying model which best
fitted the experimental moisture content data. For
their study, the Page and Modified Page models for
open sun drying and the Midilli and Kucuk model for
the solar dryer drying were found to be suitable. On
the other hand, Jafari et al. (2016) used nonlinear
regression techniques, fuzzy logic, and artificial
neural networks to estimate the dynamic drying
behavior of onions.

In this study, a hot air dryer was designed and
manufactured for drying onion slices of different
thicknesses. Drying experiments were carried out at
different thicknesses and temperatures. Drying
behaviors were investigated using models commonly
used in the literature. In addition, Gene Expression
Programming was wused to model the drying
properties of onion slices. Mathematical formulas
were obtained for calculating the moisture ratio
values.

MATERIALS and METHODS
Experimental Setup

An experimental hot air dryer was designed and
constructed to dry onion slices of different thicknesses
at different drying temperatures. Temperature-
humidity recording devices were installed in the air
inlet and outlet sections of the drying system and also
in the sections where the shelves were located. A
schematic diagram and photograph of this system are
shown in Figure 1. Fresh onions were employed for
the tests.

|
[]
[ 5
y =
of o2 2 K
[2] ] L@ [z]
L5
© > & &
<> Drying machine shelves I:] Hobo measuring data points O Air velocity measurement points

Figure 1. Schematic diagram and photograph of the experimental drying system
Sekil 1. Deneysel kurutma sisteminin sematik diyagrami ve gérseli

The mean diameter of the onion rings used in the
experiments was 65.55 £ 7.05mm. The skin of the
onions was removed, and they were washed and then
cut into slices of 2, 3, 4, and 5mm thickness for the

tests. The sliced onions were placed on sample trays,
each containing a weight of 50g (Figure 2). All
products were evenly distributed on the shelves.
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Figure 2. Sliced onions of different thicknesses and
the location of samples on trays

Sekil 2. Farkli kalinliklarda dilimlenmis soganlar ve
tepsi 1gerisindekl numune yerleri

The drying experiments were performed at
temperatures of 45, 50, 55, and 60°C. After specific
trying, the sample trays were set to dry in a
controlled manner for periods of 30, 60, 120, 240, and
360 minutes. After drying, the colors of the samples
were measured in three reps with the Minolta CR-400
color measuring device. In addition, the color and

Table 1. Equations of thin layer models
Cizelge 1. Ince tabaka model denklemleri

odor of the samples were sensorially controlled before
and after drying.

Thin Layer Drying Equations

Drying is a complex process associated with the
coupled mechanisms of heat and mass transfer.
Therefore, it is beneficial to use mathematical
equations for the drying characteristics of products.
Loss of nutritional value of the dried products must
be kept to a minimum. Therefore, modeling is a
necessity (Saavedra et al., 2017).

The drying process is described by the moisture ratio
(MR), which quantifies the reduction of the moisture
content of the product with time. There are many
mathematical expressions in the literature to predict
the moisture ratio (Saavedra et al., 2017). The MR is
defined as:

MR = XMe 6))

Mo—Me

where M, Mo, and M. are the instantaneous moisture
content, initial moisture content, and equilibrium
moisture content respectively.

It i1s important to model drying behavior, that is, to
investigate the drying characteristics of onions. To
determine the best drying model, the experimental
moisture content data were compared with the
outputs of five thin layer drying models in the
literature. The five commonly used thin layer model
equations in the literature are given in Table 1
(Dhanushkodi et al., 2017).

Model no Name Equation

Model no Isim Denklem

1 Newton MR = exp(-kt)

2 Page MR = exp (-kt)

3 Henderson and Pabis MR = a*exp(-kt)

4 Logarithmic MR= a*exp(=kt) + c

5 Two-term model MR= a*exp(—kot) + b*exp(—kit)

The appropriate models are qualified by root mean
square error (RMSE), coefficient of determination
(R?), and reduced chi-square. These parameters can
be calculated as follows (Mitra et al., 2011; Avhad and
Marchetti, 2016; Jiang et al., 2017):

R2 = SSTotal — SSError (2)
SSTotal

Where

SSTotal = ¥y (MRexp; — MRyg)? (3)
SSError = Y- (MRoxpi — MRyreq)? (4)

_ [ZEaMRexp,i—MRpred,)?

RMSE = \/ - (5)
chi — square = Rizs (MRexp i~ MRprea,)* (6)

N-z
and MRexp is the experimental moisture ratio, MRpred

is the predicted moisture ratio, MRav is the average
value of moisture ratio, N i1s the number of
observations and z is the number of constants in the
model.

GEP Model Application

Gene Expression Programming (GEP) is an
evolutionary algorithm (EA). It can emulate biological
evolution based on computer programming. GEP
belongs to the wider class of genetic algorithms. The
important difference between GEP and other EAs is
the form of the solution provided. GEP has the ability
to provide a reasonably succinct solution to a given
situation. GEP, a computer software program, is
encoded by one or more genes. GEP uses
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characteristic linear chromosomes. The chromosomes
consist of a random combination of terminals and
functions (Ferreira, 2001; Ferreira, 2006). Figure 3
shows a brief flowchart of GEP.

In this study, the GEP algorithm was used to
estimate the moisture ratio of onion slices of different
thicknesses. Moisture ratio values depending on
drying air temperature (T), drying time (t) and the
thickness of the onion slices (s) were estimated. The
optimal GEP parameters for estimating the moisture
ratio of the onion slices are shown in Table 2.

RESULTS and DISCUSSION

The model which best describes the drying curve of a
thin layer of onion slices was evaluated by comparing
the predicted MR with the experimentally observed
MR in the hot air dryer.

‘ Start ‘

‘ Initial population creation ‘

N
ol

‘ Chromosome expressionas ET ‘

‘ ET execution ‘

‘ Fitness evaluation ‘

Terminate?

‘ Chromosome selection ‘

‘ Reproduction ‘

‘ New generation creation ‘
|
Figure 3. Flowchart of GEP algorithm (Das et al.,

2019)
Sekil 3. GEP algoritmasinin akis semasi (Das et al,
2019)
Table 2. Parameters used in the GEP model
Cizelge 2. GEP modelinde kullanilan parametreler
Parameters of the GEP model Moisture Ratio (MR)
GEP modeli parametreleri Nem Orani
Number of generations 396364
Number of chromosomes 30
Number of genes 3
Head size 7
Linking function Addition
Mutation rate 0.0020
Inversion rate 0.005
One-point combination rate 0.005
Two-point combination rate 0.005
Gene combination rate 0.002
Gene transposition rate 0.002
Function set +,-,% [, power, V,In,log, sin, cos, tan, sinh, cosh, tanh , 10x, ex, 1/x, (1-x)
R2 0.9905

Experimental Approach — Drying Characteristics

In the experimental part of the study, the onions were
dried in a drier with a shelf-type system. To minimize
the loss of the aroma, taste, and odor of the onions, it
was decided to keep the drying parameters at low
temperatures. After the drying process, an average of
12-15% dry matter was obtained from the onion.
Experimental results showed that the dried onions
had a good color and odor.

The variation of the moisture ratio of the onion slices
with time for the different thicknesses and drying
temperatures are plotted in Figures 4-7. The general
result showed that the moisture ratio decreased as
the drying time increased.

The drying temperature has a considerable impact on
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the drying properties of the onion slices. The results
showed that the moisture content decreased by 90%
in a drying time in the range of 240-360 min, after
which the drying rate slowed down. Similar behaviors
also have been observed in many foodstuffs such as
Shiitake mushrooms and Jinda chilis (Artnaseaw et
al., 2010), apples (Aktas et al., 2009), and onion slices
(Sarsavadia et al., 1999; Praveen Kumar et al., 2005;
Sharma et al., 2005 a).

The thinner slice samples dried faster than the
others, because of faster transfer from the surface.
Similar results were reported for banana slices by
Samadi et al. (2014).
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Power Consumption

The variation in the total electricity consumption in
the drying process according to the drying
temperature is shown in Figure 8. As the drying
temperature decreases, the drying time increases and
the heat loss in the dryer increases. Accordingly, the
energy consumption of the fan and heaters also

120
100
080

0.60

Moisture ratio

0.20

0.00
o 30 60 120 240 360 480 600 720 780 810 840

Time (min}

increases. It was found that the greatest power
consumption occurred with a temperature of 45°C. It
was determined that to make it more profitable in
terms of cost, the system should be set to a drying
temperature of 60°C, as long as this was appropriate
for the ambient conditions and the machine.

— 2 m
~@— 3 mm
e 4 mm

——— 5 nm

Figure 4. Effect of thickness on drying time for onion slices at 45°C drying temperature
Sekil 4. Sogan diliminin 45°C kuruma sicakliginda kuruma siiresine kalinliginin etkisi
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Figure 5. Effect of thickness on drying time for onion slices at 50°C drying temperature
Sekil 5. Sogan diliminin 50°C kuruma sicakliginda kuruma stiresine kalinliginin etkisi
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Figure 6. Effect of thickness on drying time for onion slices at 55°C drying temperature
Sekil 6. Sogan diliminin 55°C kuruma sicakliginda kuruma stiresine kalinliginin etkisi
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Figure 7. Effect of thickness on drying time for onion slices at 60°C drying temperature
Sekil 7. Sogan diliminin 60°C kuruma sicakliginda kuruma stiresine kalinliginin etkisi
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Figure 8. Total electricity consumption (kW)
Sekil 8 Toplam elektrik tiiketimi (kW)

Theoretical Approach — Modeling of Drying Curves

More accurate modeling of the drying conduct of
onion slices is essential for the study of drying
kinetics. Thin-layer drying models such as the
Newton, Page, Henderson and Pabis, Logarithmic,
and Two-term models are commonly used to describe
the drying characteristics of foodstuff. Five different
equations were used to simulate the curve fitting of
the experimental data. The statistical results of the
models tested are given in Tables 3-6.

In order to accurately define the drying treatment of
onion slices, five mathematical models were compared
according to their R2, RMSE and chi-square
deviations. The resulting mathematical model
provided values of R? varying from 0.97249 to 0.99685
for onion slice samples, and the RMSE values of onion
slices ranged from 0.00810 to 0.00238 at different
temperatures. chi-square values were found to vary
from 0.00010 to 0.00001 for onion slice samples at
different temperatures. The constants and coefficients
of the two-term drying model with the highest R2 and
lowest RMSE gave better fits than the others
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(R2=0.99685, RMSE=0.00238, chi-square=0.00001).

The predicted moisture ratio values were compared
with the two-term version and the experimental
moisture ratio values of onion slices at different
drying temperatures. As seen in Figures 9, it was
found that the predictions made by the two-term
model were in good agreement with the experimental
data. The points are located on a 45-degree slope line
and deserve a very high correlation rate (R2 > 0.99).
Therefore, it can be concluded that the two-term
model are suitable for predicting the moisture ratio of
onions. Similar results were reported by Sharma et
al. (2005 b).

GEP Model Approach

Thin layer drying models, the Newton, Page,
Henderson and Pabis, Logarithmic, and Two-term
models, were used to determine the drying behavior
of onion slices. In addition, the GEP model was used.
The mathematical formulations obtained from the
GEP model for the moisture ratio values of onion
slices were presented as follows:
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1

10.4754 (7)

MR = (0.8869°5758 ¢ + (2.7861 — 5))"*" + tanh (g (ﬂ —(s+ 5.7877))) + tanh(2.2443 t) + 2227 + 0.1830

The regression curve of the moisture ratio of onion
slices for the test data set is shown in Figure 10. As
seen in Fig. 10, the correlation coefficient obtained for
the moisture ratio value of onion slices is 0.9905. The
obtained results show that the GEP model exhibits a
successful performance for predicting the moisture
ratio values of onion slices.

The statistical results of the GEP model compared
with thin layer drying models are given in Tables 3-6.
GEP model can be an appropriate approach for
predicting of the moisture ratio values of onion slices
according to given results in Table 3-6. The formulas
obtained from the GEP model are relatively short and

In recent years, evolutionary algorithms have
received a great deal of attention for its wide
applications. In particular, the gene expression
programming (GEP) is acknowledged as a powerful
and problem-independent algorithm for multivariate
optimization. GEP outperform considerably existing
adaptive algorithms. Therefore, GEP offers new
possibilities for solving more complex technological
and scientific problems.

However, GEP has also been shown to have certain
disadvantages, such as slow convergence and low
solution accuracy, particularly for problems with a
high-dimensional and large space (Ferreira, 2001;

simple. Also,
formulas.

no software is required for these

Yang and Ma, 2016).

Table 3. Constants and performance evaluation obtained from drying models for different thicknesses of onion
slices (for the drying temperature T=45°C)

Cizelge 8. Farkli sogan dilimleri kalinliklar: icin kurutma modellerinden elde edilen sabitler ve performans
degerlendirmesi (kurutma sicakligr T=45°C i¢in)

Model Thickness (mm) Constant )
Model Kahnlk (mm) Sabit R RMSE Chi-square
2 k=0.00725 0.97848 0.00886 0.000105
Newton 3 k=0.00681 0.97425 0.00881 0.000124
w 4 k=0.00595 0.98289 0.00737 7.77E-05
5 k=0.00515 0.97377 0.00695 7.57E-05
2 k=0.010992, n=0.913243 0.97521  0.008620 0.000103
Pase 3 k=0.012859, n=0.868986 0.97070  0.008055 9.63E-05
g 4 k=0.008315, n=0.933585 0.97888  0.006901 6.95E-05
5 k=0.006395, n=0.958419 0.98804  0.007101 7.19E-05
2 k=0.007079, a=0.984538 0.97808  0.008757 0.000110
Henderson and 3 k=0.006617, a=0.982114 0.97385  0.008548 0.000130
Pabis 4 k=0.005890, a=0.992823 0.98213  0.007323 8.42E-05
5 k=0.005143, a=0.999507 0.98731  0.006928 8.56E-05
a=0.958955, k=0.008018
2 0039294 0.99094  0.004683 0.000036
3 2=0.951537, k=0.007833 0.99512  0.003082 0.000015
Logarithmic ¢=0.050083
a=0.968114, k=0.006765
4 S 0.040892 0.99645  0.003052 0.000016
a=0.974155, k=0.005946
5 0042336 0.99428  0.003476 0.000021
a=0.005247, ko=-0.002763
2 b=0.987925. k= 0.007469 0.99430  0.003796 0.000025
a=0.013547, ko=-0.001784
Two-term 3 b=0.983204, k1= 0.007297 0.99737  0.002300 0.000009
model 2=0.999274, ko= 0.006290
4 b=0.004665, li—-0.002867 0.99810  0.002102 0.000009
a=1.009025, ko= 0.005481
5 B=0.002044. Ki=0.003910 0.99615  0.002467 0.000011
2 0.9956 0.017578 0.00038
3 0.9963 0.015769 0.00030
GEP model 4 0.9935 0.021605 0.00056
5 0.9860 0.330880 0.00130
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Table 4. Constants and performance evaluation obtained from drying models for different thicknesses of onion
slices (for the drying temperature T=50°C)
Cizelge 4. Farkli sogan dilimleri kalinliklar: i¢cin kurutma modellerinden elde edilen sabitler ve performans
degerlendirmesi (kurutma sicakligr T=50°C i¢in)

Model Thickness (mm) Constant .
Model Kalnlik (mm) Sabit il RMSE  Chi-square
2 k=0.008176 0.974755 0.00796 9.56E-05
Newton 3 k=0.007174 0.976623 0.00791 9.51E-05
W 4 k=0.006005 0.984741 0.00755 8.26E-05
5 k=0.005902 0.982375 0.00602 5.51E-05
2 k=0.013682, n=0.889044 0.984070  0.007779 7.50E-05
Page 3 k=0.009888, n=0.933129 0.983190  0.007870 8.03E-05
g 4 k=0.009966, n=0.900884 0.990920  0.005659 4.80E-05
5 k=0.007389, n=0.956211 0.991870  0.005500 4.43E-05
2 k=0.008071, a=0.991641 0.974283  0.007807 0.000103
Henderson and 3 k=0.007159, a=0.998637 0.976552  0.007942 0.000104
Pabis 4 k=0.005872, a=0.984890 0.978333  0.007100 8.35E-05
5 k=0.005880, a=0.997349 0.990629  0.005736 5.70E-05
a=0.965689, k=0.009336
2 0 043305 0.997867  0.001941 0.000008
3 2=0.974102, k=0.008311 0.994613  0.003299 0.000019
Logarithmic ¢=0.042865
a=0.960567, k=0.007040
4 0 047217 0.995786  0.002460 0.000011
a=0.977893, k=0.006703
5 =0.035795 0.993131  0.003165 0.000018
2=0.994563, ko= 0.008784
2 B=0.010529, ki=-0,002348 0.999100  0.001292 0.000003
a=1.008742, ko= 0.007674
Two-term 3 b=0.002900, ki=-0.004380 0.997850  0.002008 0.000007
model a=0.998737, ko= 0.006472
4 B=0.003716, ki=0.003969 0.998140  0.001385 0.000004
a=0.000935, ko=-0.005713
5 b=1.008215, k= 0.006252 0.998250  0.001892 0.000009
2 0.9983 0.011005 0.00015
3 0.9988 0.009962 0.00012
GEP model 4 0.9980 0.012880 0.00020
5 0.9974 0.016340 0.00033
CONCLUSION the drying characteristics of onion slices. Generally,

The results showed that the drying characteristics of
the onion slices were significantly influenced by
drying temperature. As the drying time increased, the
moisture ratio decreased. The thinner slice samples
dried faster than the others, because of faster transfer
from the surface. It was found that the greatest power
consumption occurred at a temperature of 45°C. For
the models of drying curves, the moisture ratio values
of the onion slices at the different drying
temperatures were compared with five commonly
used models. The results indicated that the predicted
moisture ratio values in all models were in accord
with the experimental moisture ratio values. In
addition, the GEP model for predicting the moisture
ratio values of onion slices was used. Mathematical
formulas were derived for the calculation of moisture
ratio values. It was proved that both traditional
methods and GEP modeling methods could predict
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the scientific findings obtained here showed that the
two-term model provided a simulation which was
slightly superior to the other models for determining
the drying characteristics of onion slices. However,
the GEP model helped to determine the moisture
ratio of the onion slices with acceptable accuracy in a
shorter time, without the need for complicated
formulas.
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Table 5. Constants and performance evaluation obtained from drying models for different thicknesses of onion
slices (for the drying temperature T=55°C)
Cizelge 6. Farkli sogan dilimleri kalinliklari icin kurutma modellerinden elde edilen sabitler ve performans
degerlendirmesi (kurutma sicaklig: T=556°C igin)

Model Thickness (mm) Constant .
Model Kalinlik (mm) Sabit R RMSE Chi-square
2 k=0.007074 0.972680  0.009130 0.000107
Newton 3 k=0.007976 0.958219  0.011460 0.000158
4 k=0.006973 0.943355  0.012030 0.000166
5 k=0.004789 0.985840  0.007580 0.000080
2 k=0.015701, n=0.837859 0.987220  0.005464 4.47E-05
Page 3 k=0.025714, n=0.755256 0.993190  0.003859 2.23E-05
g 4 k=0.020517, n=0.781481 0.991110  0.004810 3.39E-05
5 k=0.010371, n=0.860207 0.996000  0.002651 1.23E-05
2 k=0.006692, a=0.965346 0.975704  0.007953 8.88E-05
Henderson and 3 k=0.007242, a=0.945176 0.958034  0.009887 0.000128
Pabis 4 k=0.006416, a=0.951722 0.972546  0.009081 0.000116
5 k=0.004513, a=0.955225 0.99061  0.005079 4.02E-05
2=0.943625, k=0.007933
2 0043310 0.997134  0.002749 0.000017
3 2=0.921668, k=0.008969 0.997608  0.002402 0.000019
Logarithmic ¢=0.051337
2=0.926298, k=0.008247
4 0058556 0.995637  0.001986 0.000010
a=0.934279, k=0.005177
5 0.036525 0.996887  0.002345 0.000016
2=0.021898, ko=-0.001079
2 b=0.962891, k,=0,007651 0.99758  0.002237 0.000021
a=0.322836, ko=0.003146
Two-term 3 b=0.665809, k1=0.012985 0.99450  0.003858 0.000030
model a=0.795203, ko=0.009916
4 b=0.195116, k1=0.001975 0.99534  0.002810 0.000020
a=0.864451, ko=0.004087
5 b=0.133904. k1=0.030248 0.99424  0.003082 0.000025
2 0.9975 0.021340 0.00059
3 0.9971 0.015550 0.00031
GEP model 4 0.9962 0.020270 0.00053
5 0.9916 0.037920 0.00185
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Table 6. Constants and performance evaluation obtained from drying models for different thicknesses of onion
slices (for the drying temperature T=60°C)
Cizelge 6. Farkli sogan dilimleri kalinliklari i¢cin kurutma modellerinden elde edilen sabitler ve performans
degerlendirmesi (kurutma sicakhigi T=60°C igin)

Model

Thickness (mm)

Constant

Model Kahnlk (mm) Sabit l RMSE  Chi-square
2 k=0.009001 0.980040  0.008390 0.000100
Newton 3 k=0.008064 0.981980  0.006760 0.000070
w 4 k=0.007390 0.988580  0.005560 0.000040
5 k=0.008766 0.986550  0.007220 0.000070
2 k=0.013210, n=0.916019 0.984180  0.007860 8.23E-05
Pace 3 k=0.009646, n=0.962240 0.981890  0.006859 6.49E-05
& 4 k=0.007241, n=1.004152 0.995110  0.005128 3.64F-05
5 k=0.010793, n=0.954911 0.987680  0.006974 6.57E-05
2 k=0.008974, a=0.998032 0.980134  0.008397 0.000112
Henderson and 3 k=0.008077, a=1.001179 0.985761  0.006953 8.06E-05
Pabis 4 k=0.007484, a=1.009489 0.989239  0.005336 4.29E-05
5 k=0.008795, a=1.002264 0.986519  0.007213 7.94E-05
a=0.973737, k=0.010403
2 L 042500 0.997196  0.003092 0.000017
3 2=0.982438, k=0.009118 0.995270  0.003394 0.000024
Logarithmic ¢=0.033940
a=0.996008, k=0.008167
4 0.024475 0.996482  0.003202 0.000018
a=0.982554, k=0.009904
5 034379 0.993543  0.003055 0.000017
a=1.007543, ko=0.009720
2 b=0.004920, kr=-0.004491 0.99894 0.002105 0.000009
a=0.000982, ko=-0.007267
Two-term 3 b=1.011726, k1=0.008561 0.99762 0.002277 0.000012
model a=1.017487, ko=0.007799
4 b=0.000308. kre-0.008854 0.99771 0.002298 0.000011
a=0.002310, ko=-0.005595
5 b=1.011160, k,=0,008351 0.99437 0.002220 0.000009
2 0.9853 0.034380 0.00158
3 0.9855 0.035180 0.00165
GEP model 4 0.9846 0.039840 0.00212
5 0.9845 0.054980 0.00403
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Figure 10. The regression curve of the moisture ratio of onion slices
Sekil 10. Sogan dilimlerinin nem oraninin regresyon egrisi
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OZET Gida Bilimi

Bu ¢alismada Kastamonu ilinin Daday ilgesinin 6 farkli bolgesinden

Ala erikler temin edilmis, bu Ala eriklerin kabuklarinin soyularak Aragtirma Makalesi
kurutulmasiyla da Uryani erikler elde edilmigtir. Erik 6rneklerinde

nem, kurumadde, pH ve titrasyon asitligi degerleri belirlenmis ve Makale Tarihgesi

toplam antioksidan aktivite, toplam fenolik bilesik ve toplam Gelis Tarihi  :26.02.2021
flavonoid madde icerikleri karsilagtirilmistir. Ala eriklerin nem, Kabul Tarihi :06.05.2021
kurumadde, pH ve titrasyon asitligi ortalama degerleri sirasiyla

%80.24+1,19; %19.76+1,20; 3.80+£0,09; %0.61+0,08 olarak tespit Anahtar Kelimeler
edilmigtir. Ala eriklerin toplam antioksidan kapasite, toplam fenolik Askorbik asit

bilesik ve toplam flavonoid madde miktar:1 ortalama degerleri Gallik asit

sirasiyla 3.26+0.63 mg askorbik asit esdegeri(AE) g-1; 0.67+0.19 mg Quercetin

gallik asit esdegeri (GAE) g'; 0.80+0.15 mg quercetin egdegeri (QE) Biyoaktif bilesikler

gl olarak belirlenmigtir. Ala eriklerin kurumaddedeki toplam
antioksidan kapasite, toplam fenolik bilesik ve toplam flavonoid
madde miktar: ortalama degerleri sirasiyla 16.26+2.30 mg AE g%
3.32+0.79 mg GAE g'1; 4.00+0.55 mg QE g olarak tespit edilmistir.
Uryani eriklerinin toplam antioksidan kapasite, toplam fenolik
bilesik ve toplam flavonoid madde miktar1 ortalama degerleri
sirasiyla 14.67+2.28 mg AE g1; 2.49+0.79 mg GAE g1; 2.71+0.55 mg
QE g1 olarak belirlenmigtir. Elde edilen sonuglara gére kurutma
islemi esnasinda uygulanan 1sil islemin erik Orneklerinin toplam
antioksidan kapasite, toplam fenolik bilesik ve toplam flavonoid
madde miktarlarinda azalmaya sebep oldugu tespit edilmistir.

Comparison of Total Antioxidant Activity, Total Phenolic Compound and Total Flavonoid Contents of
Ala Plum Grown in Kastamonu and Uryani Plum Obtained from Ala Plum

ABSTRACT

In this study, Ala plums were obtained from 6 different regions of

Food Science

Daday district of Kastamonu province, and Uryani plums were Research Article

obtained by peeling and drying these Ala plums. Moisture, dry . .

matter, pH and titratable acidity values were determined in plum Artch € Hlstory‘

samples and total antioxidant activity, total phenolic compound and Received 26.02.2021
total flavonoid content were compared. Average values of moisture, Accepted + 06.05.2021
dry matter, pH and titratable acidity of Ala plums were determined Keywords

as 80.24+1,19%; 19.76+1,20%; 3.80+0,09; 0.61+0,08%, respectively.
The mean values of total antioxidant capacity, total phenolic
compound and total flavonoid contents of Ala plum were determined
as 3.26+0.63 mg ascorbic acid equivalent (AE) g'1; 0.67+0.19 mg gallic
acid equivalent (GAE) g'1; 0.80+0.15 mg quercetin equivalent (QE) g
1, respectively. The mean values of total antioxidant capacity, total
phenolic compound and total flavonoid content in dry matter of the
Ala plums were determined as 16.26+2.30 mg AE g1; 3.32+0.79 mg
GAE g1; 4.00+£0.55 mg QE g1, respectively. The mean values of total
antioxidant capacity, total phenolic compound and total flavonoid
content of Uryani plums were determined as 14.67+2.28 mg AE g%
2.49+0.79 mg GAE g1; 2.71+0.55 mg QE g1, respectively. According
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Gallic acid
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Bioactive compounds
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to the results, it was determined that the heat treatment applied
during the drying process caused a decrease in the total antioxidant
capacity, total phenolic compound and total flavonoid substance

values of plum samples.
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GIRIS sentetik antioksidanlar kullanilmaktadir (Zhang ve

Oksijen insanlarin yagsamlarini devam ettirebilmesi
icin gerekli bir molekildir. Ancak oksijenin eksik
indirgenmesiyle reaktif oksijen turleri olusmaktadir.
Hiicrede fazla miktarda olusan reaktif oksijen tiirleri
oksidatif strese neden olmaktadir. Bu durum biitiin
hiicre bilegenlerini olumsuz yoénde etkilemektedir
(Moldovan ve Moldovan, 2004). Canli hiicrelerde
okside olabilecek maddelerin  oksidasyonunu
durduran veya yavaslatan maddelere antioksidan
denir. Vicutta belirli bir dizeyde bulunan dogal
antioksidanlar belli bir seviyeye kadar oksidasyonu
onleyebilirler (MatEs ve ark., 1999). Ancak baz
durumlarda oksidanlar fazla miktarda olusursa
vicutta bulunan antioksidanlar yetersiz kalir ve
disaridan  engelleyici ve koruyucu 6zellikteki
antioksidanlarin alinmasi gerekir (Valko ve ark.,
2006). Gidalarin raf émriiniin arttirilmas1 amaciyla

gida  Uretiminde  yillardan  beri  butillenmis
hidroksianisol (BHA), biitillenmis hidroksitoluen
(BHT) ve tersiyer-biitilhidrokinon (TBHQ) gibi

ark., 2010). Ancak yapilan calismalarda (Botterweck
ve ark., 2000) sentetik antioksidanlarin toksik ve
karsinojen olabileceginin ileri siurilmesiyle bazi
ulkelerde bu antioksidanlarin gidalarda
kullanimlarina iliskin baz1 kati diizenlemeler
uygulanmaya baslanmigtir (Dolatabadi ve
Kashanian, 2010). Bu durum artan tiiketici bilinciyle
birlikte gida isleme endistrisinde kullanilmak tzere
dogal biyoaktif madde kaynaklarina ihtiyac
duyulmasina neden olmustur. Ala erigin kabugunun
soyulup kurutulmasiyla elde edilen Kastamonu ve
cevresinde yetistirilen Uryani erik genellikle kuru
erik veya erik pestili olarak tuketilen c¢ok 6zel bir
turdir. Meyveleri eylil basinda olgunlagir. Meyvesi
normal siyah eriklere goére daha kigik, sekli
yuvarlaga yakin, kabugun rengi koyu mordur ve
kabuklar: incedir. Meyvenin et kismi yesilimsi sarisi
renginde ve tatlidir. Kurudukca eksi tat daha baskin
hale gelmektedir. Uryani eriginin genel o6zellikleri
Cizelge 1’de verilmistir.

Cizelge 1. Uryani erigine ait genel 6zellikler (Anonim, 2017)

Table 1. General properties of Uryani plum

Bilimsel ad1

Kullanim gekli

Agac habitusu

Verim

Meyve sekli

Meyve buyukligu
Meyvenin simetri durumu
Meyve kabuk rengi
Meyve et rengi

Meyve eti dokusu

Meyve tada

Cekirdegin meyve etine baglilik durumu
Cekirdek sekli

Prunus domestica L.
Kurutmalik

Dik ve orta kuvvette
Yiksek

Oval (yuvarlaga yakin)
Kiigiik (23-27 g)
Belirgin simetrik
Koyu mor

Yesilimsi sar1
Yumusak, lifli

Tath

Bagh

Yassi-uzun

Uryani erigi ve ondan iglenen yiyecekler olas1 saglik

yararlari  nedeniyle Tirkiye'de yaygin olarak
tiketilmektedir. Ayrica Uryani eriginin cesitli
hastaliklara kars1 dogal Dbir ¢are olduguna

inamlmaktadir. Ancak Uryani erigi tiretimi ile ilgili
istatistiksel bir veri yoktur. Taze hasat edilmig
eriklerin nem igerigi yaklagik %78 dir ve uzun sureli
depolama igin kurutulur. Gunimiizde Uryani
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eriklerinde glineste kurutma en sik kullanilan
yontemdir. Taze hasat edilmis erikler %18 nem
icerigine ulasana kadar gilines altinda kurutulur
(Sacilik ve ark., 2006). Bu durumda kurutma uzun

zaman alir ve glineste kurutma erikleri toz,
kemirgenler, kuglar ve mikroorganizmalar gibi
gevresel kirlenmeye maruz birakir. Bu nedenle
kurutulmus Urtnlerin  kalitesi o6nemli ¢l¢lde
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azalabilir. A¢ik giines kurutma islemine bir alternatif
ve bu sorunlarin ¢éziimine bir katki olmasi i¢in sicak
hava kurutucularinin kullanilmasi1 digtuntlebilir.
Sicak havada kurutmanin kullanilmasi her yil elde
edilen meyveler ve sebzelerin muhafaza edilmesi ve
meyve ve sebzelerin kurutulmasi igin iklim
faktorlerinin  kurutma  iglemini  etkilememesi
acisindan uygun bir secenektir (Tunde-Akintunde ve
ark., 2005). Kuru erik in vitro olarak insan LDL'sinin
oksidasyonunu inhibe ettigi tespit edilen O6nemli
seviyelerde antioksidan fenolik bilesikler icerir. Kuru
erik ekstraktlar: da insan LDL oksidasyonunun etkili
inhibitérleridir (Meyer ve ark., 1998). Kuru erik az
miktarda flavonoid igerir (6zellikle de kuersetin) ve
prostaglandinlerin sentezini azaltarak, histamin
salimini inhibe ederek ve immiin sistemi igeren gesitli
tiplerdeki  hiicrelerde hiicre birikmesini veya
yapismasini azaltarak bagisiklik ve inflamasyon
stireclerinin olusumunda rol alan enzim sisteminin
islevini etkiler (Middleton ve Kandaswami, 1992).
Ayrica flavonoidler singlet oksijenin séndiiriilmesinde
ve okside edici (stiperoksit anyonu, hidroksil radikali
ve  peroksit radikali) bir ¢ok  radikalin
stipiiriilmesinde etkilidir (Yildiz ve ark., 2019). Tek
tek bilesiklerin antioksidan aktivitesinin o6l¢imi,
cesitli gida  Dbilesenlerinin  siklhikla  g6zlenen
antagonistik veya sinerjik etkilesimleri nedeniyle
yaniltic1 bir sonuca neden olabilir. Eriklerdeki cesitli
antioksidan bilesenler, toplam antioksidan aktiviteye
birlestirici veya sinerjik katkilarda ©6nemli roller
oynayabilir (Kim ve ark., 2003a).

Bu calismada Kastamonu ilinin Daday ilgesinin 6
farkli bolgesinden temin edilen Ala eriklerin nem,
kurumadde, pH ve titrasyon asitligi belirlenmis,
toplam antioksidan kapasite, toplam fenolik bilesik ve
toplam flavonoid madde miktar1 ve kurumaddedeki
miktarlar1 tespit edilmistir. Bu Ala eriklerin
kabuklarinmin soyularak kurutulmasiyla elde edilen
Uryani eriklerinin toplam antioksidan kapasite,
toplam fenolik bilesik ve toplam flavonoid madde
miktar1 belirlenmis ve kurutma isleminin biyoaktif
bilesenleri nasil etkiledigi tespit edilmistir.

MATERYAL ve METOD

Calismada kullanilan Ala erikler Kastamonu ilinin
Daday il¢esinin 6 farkli bolgesinden elde edilmistir.
Is1l iglemin etkisinin belirlenebilmesinde
kabuklardan gelecek antioksidan etkiyi géz ard:
edebilmek i¢in Ala eriklerin de kabuklar1 soyulup et
kismi incelenmigtir. Kullanilan biitin kimyasallar
analitik saflikta olup Sigma Company’den temin
edilmigtir.

Kimyasal Analizler

Nem, pH ve titrasyon asitligi analizleri AOAC Official
Method’a gére yapilmistir (AOAC, 2000).
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Ala Erikten Uryani Eriginin Elde Edilmesi

Uryani erigi Ala erigin kabuklarinin soyulup 60°C'de
firmda (Protech PLF) kurutulmasiyla elde edilmistir.
Yiiksek kuruma sicakligi ilk birkag¢ saatlik kuruma
sirasinda meyve asitlerini ve invertazi serbest birakir
ve hiicre yapisini bozar (Wilford ve ark., 1997). Ayrica
siddetli 1s1l islem uygulamasi ile (yiiksek sicaklik-
uzun siire) 5-hidroksimetilfurfural (HMF) olusumu da
artmaktadir (I¢li, 2019). Uryani eriginin kalite
kaybinmi azaltmak i¢in kurutma islemi 60°C'de
gerceklestirilmistir (Di Matteo ve ark., 2002).

Ekstraktlarin Hazirlanmas:

3 g ornek homojen hale getirilmis ve 30 ml asidifiye
edilmis metanol (1 M HCI, %80 metanol icinde) i¢inde
ultrasonik banyo (Elma-S 100H) yardimi ile 30
dakika ekstrakte edilmigtir. Ekstraktlar 8000 x g'de
15 dakika santrifij (Hettich 320 Universal)
edilmistir. Bu islem 3 kez tekrarlanmigtir. Ust fazlar
birlestirildikten sonra -20°C'de saklanmistir (Meng ve
ark., 2011).

Toplam Antioksidan Kapasitenin Belirlenmesi

Toplam antioksidan aktivite Prieto ve ark. (1999)
tarafindan kullanilan yonteme gore belirlenmis ve
toplam antioksidan aktivite askorbik asit esdegeri
(mg AE g-1) olarak verilmistir.

Toplam Fenolik Bilegiklerin Belirlenmesi (Folin-
Ciocalteu Yontemi)

Toplam fenolik bilesik Slinkard ve Singleton (1977)
tarafindan kullanilan yonteme gore belirlenmis ve
toplam fenolik bilesik icerigi gallik asit esdegeri (mg
GAE g-1) olarak verilmistir.

Toplam Flavonoid Maddelerin Belirlenmesi

Toplam flavonoid madde Arvouet-Grand ve ark.
(1994) tarafindan  kullanilan yonteme  gére
belirlenmis ve érneklerdeki toplam flavonoid madde

icerigi quercetin esdegeri (mg QE g-1) olarak
verilmigtir.
BULGULAR ve TARTISMA

Ala eriklerin nem, kurumadde, pH ve titrasyon
asitligi degerleri Cizelge 2'de verilmigtir. Ala eriklerin
nem igerigi, kurumadde, pH ve titrasyon asitligi
degerleri sirasiyla %79.02+0.23-%82.08+0.11;
%17.91+0.11-20.98+0.23; 3.70+0.02-3.94+0.00;
9%0.48+0.00-0.69+0.01 arasinda degismektedir.
Literatiirde Ala erikle ilgili yapilmig bir ¢alismaya
rastlanmamigtir. Ancak bulunan degerler Avrupa
grubu erikleriyle (Prunus domestica) yapilan diger
caligmalarla uyumludur (Civil ve Haciseferogullari,
2010; Milosevié ve ark., 2012; Ionica ve ark., 2013;
Abac1 ve ark., 2014; Celik ve Kuba, 2018; Cocen ve
ark., 2019).
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Cizelge 2. Ala eriklerin baz1 kimyasal 6zelliklerinin ortalama degerleri
Table 2. Average values of some chemical properties of Ala plums

Ornek Nem Toplam kurumadde pH Titrasyon asitligi (% malik asit)
Moisture (%) Total dry matter (%)  pH Titratable acidity (malic acid %)

1 80.59+0.04 19.41+0.04 3.81+0.01 0.61+0.01

2 79.45+0.19 20.54+0.19 3.75+0.01 0.66+0.01

3 79.09+0.22 20.90+0.22 3.71+0.02 0.69+0.01

4 81.17+0.19 18.82+0.19 3.89+0.01 0.53+0.01

5 82.08+0.11 17.91+0.11 3.94+0.00 0.48+0.00

6 79.02+0.23 20.98+0.23 3.70+0.02 0.69+0.01

En dusuk 79.02+0.23 17.91+0.11 3.70+0.02 0.48+0.00

En yiiksek 82.08+0.11 20.98+0.23 3.94+0.00 0.69+0.01

Erikte bulunan flavonoller yaygin olarak kuersetin
tiirevleridir (Kim ve ark., 2003a). Kuersetin, kanser
ve kalp hastaliklarina karsi koruyucu etki gosteren
yiksek antioksidan o6zellige sahip bir bilegendir.

Epidemiyolojik arastirmalar sonucunda yiiksek
kuersetin miktarinin gégiis ve kolon kanser
hiicrelerinin  Gremesini  engelledigi ve  disik

kuersetin miktarmin ise hiicre tUremesini arttirdig:
belirlenmistir (Van der Woude ve ark., 2003).

Ala eriklerin toplam antioksidan kapasite, toplam
fenolik bilesik ve toplam flavonoid madde miktar:
Cizelge 3'de verilmistir. Ala eriklerin toplam
antioksidan kapasitesi en dustik 2.384+0.03 mg AE g1,
en yliksek 4.05+0.06 mg AE g'1; toplam fenolik bilesik
miktar1 en diisik 0.43+0.03 mg GAE g1, en yuksek
0.92+0.02 mg GAE g1 ve toplam flavonoid madde
miktar1 en disik 0.62+0.01 mg QE g1, en yiksek
0.99+0.03 mg QE g1 olarak tespit edilmistir.

Uryani eriklerle ve diger calismalardaki eriklerin
toplam antioksidan kapasite, toplam fenolik bilesik ve
toplam flavonoid madde miktarlar1 kuru agirhk

uzerinden hesaplandigindan dolay1  kiyaslama
yapilabilmesi i¢in Ala eriklerin kurumadde miktarlari
kullanilarak kurumaddede bulunan toplam

antioksidan kapasite, toplam fenolik bilesik ve toplam
flavonoid madde miktarlari hesaplanmigtir. Ala
eriklerin kurumaddede toplam antioksidan kapasite,
toplam fenolik bilesik ve toplam flavonoid madde
miktar1 Cizelge 4’te verilmistir. Ala eriklerin toplam
antioksidan kapasitesi en diisiik 13.26+0.04 mg AE g
1, en yiksek 19.30+0.06 mg AE g1, toplam fenolik
bilesik miktar1 en disik 2.32+0.04 mg GAE g1, en
yuksek 4.39+0.03 mg GAE g! ve toplam flavonoid
madde miktar1 en dusik 3.16+0.02 mg QE g1, en
yiuksek 4.68+0.03 mg QE g1 olarak tespit edilmistir.

Cizelge 3. Ala eriklerin toplam antioksidan kapasite, toplam fenolik bilesik ve toplam flavonoid madde miktari

ortalama degerleri

Table 3. The average values of total antioxidant capacity, total phenolic compound and total flavonoid content of

Ala plums

Toplam Antioksidan Kapasite

Toplam Fenolik Bilegik

Toplam Flavonoid Madde

Ornek Total Antioxidant Capacity Total Phenolic Compound Total Flavonoid Content
(mg AE g) (mg GAE g') (mg QE gV
1 2.90+0.05 0.55+0.01 0.62+0.01
2 3.78+0.04 0.87+0.03 0.94+0.02
3 3.67+0.05 0.73+0.02 0.88+0.03
4 2.77+0.04 0.55+0.03 0.73+0.02
5 2.38+0.03 0.43+0.03 0.67+0.03
6 4.05+0.06 0.92+0.02 0.99+0.03
En disik 2.38+0.03 0.43+0.03 0.62+0.01
En yiiksek 4.05+0.06 0.92+0.02 0.99+0.03

Vasantha Rupasinghe ve ark. (2006) Avrupa erik
cinslerini  toplam fenolik igerikleri ve toplam
antioksidan kapasiteleri a¢isindan degerlendirdikleri
calismada toplam fenolik igerikleri 86-413 mg GAE
100 g1, toplam antioksidan kapasiteleri 105-524 mg
AAE 100g! arasinda belirlemiglerdir. Ug farkli cesit
erigin kimyasal kompozisyonu ve antioksidan
kapasitesinin belirlendigi bagka bir ¢alismada taze
eriklerin toplam fenolik igerigi 157.70-344.10 mg GAE
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100 g'! arasinda, toplam antioksidan kapasitesi 3.10-
3.17 mmol kg! arasinda tespit edilmistir (Vodéa ve
ark., 2009). Ardahan’da yetisen baz1 erik
genotipleriyle yapilan bir ¢alismada toplam fenolik
madde icerigi yabani eriklerde (280.7 mg 100 g'1) en
yiiksek, su eriginde (226 mg 100 g) ise en diisiik
olarak tespit edilmistir (Abac1 ve ark., 2014). Taze
eriklerde polifenoliklerin miktar1 ve antioksidan
kapasiteleri hakkinda yapilan bir ¢alismada toplam
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fenolik bilesik miktarinin 125.0-372.6 mg GAE 100 g1
arasinda degistigi belirtilmigtir. Toplam flavonoid
madde miktar1 64.8-257.5 mg CE 100 g! olarak,

3323 mg kgl; 51-169 mg kg! olarak tespit edilmistir
(Gil ve ark., 2002). Yapilan ¢alismada tespit edilen
degerler Gil ve ark. (2002) tarafindan bulunan

antioksidan kapasiteleri 204.9-567.0 mg (VCEAC) degerlerden yiiksektir. Cesitli toplam fenolik
100 g olarak tespit edilmistir (Kim ve ark., 2003a). seviyeleri muhtemelen cesitlerden, cografi
Bagska bir calismada 6 farkli erik c¢esidinin kokenlerden, buyiime mevsimlerinden, diger tarimsal
antioksidan kapasiteleri belirlenmig ve toplam fenolik uygulamalardan ve analitik yontemlerdeki

bilesik igeriklerinin 174-375 mg GAE 100 g1; toplam
flavonoid madde miktarinin 118-237 mg CE 100 g1,
antioksidan kapasiteleri 266-559 mg (VCEAC) 100 g1
oldugu belirtilmistir (Kim ve ark., 2003b). Diger bir
calisma