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Yumurta Kabugu Tozuna Emdirilmis Bitkisel Kékenli
Bazi Yaglarin Piring biti, Sitophilus oryzae
(Coleoptera:Curculionidae) Uzerine Etkisi

Sila SAGLAM! "/, Zeynep UZUN* /| Candan GENIS*"

OZET

Insan beslenmesinde miikemmel besin olan yumurta saglikli beslenme
i¢in cok 6nemli bir gida maddesidir. Anne siitiinden sonra insanin ihtiyact
olan tiim besin 6gelerini bulunduran tek besin kaynagidir. Diinya yumurta
iiretimi 2020, FAO verilerine goére 86 milyon ton olup, Cin % 34,6 ile
diinyanin en biiyiik yumurta iireticisi konumundadir ve Tiirkiye ise %1,3
oran ile diinya tavuk yumurtas: iiretiminde 11. sirada yer almaktadir.
Kullanilan yumurta kabuklar1 geri doniistiiriilmeden ¢ope atilmaktadir.
Bu c¢alismada toz yumurta kabuguna bitkisel kokenli yaglar emdirilerek,
Piring biti Sitophilus oryzae (Coleoptera: Curculionidae)’ne karsi
toksisitesi aragtirllmistir. Bu amagla kekik (KekYum), sarimsak
(SarYum), lavanta (LavYum) ve tar¢in (TarYum) yaglar1 yumurta kabugu
tozu ile karistirilmistir. Denemeler 15 ergin bocek ile 3 tekrarli olarak,
25° C sicaklik ve %65 nem igeren laboratuvar kosullarinda
yliriitiilmistiir. Arastirma sonucunda ayni dozdaki etkinlik siralamasi
targin> sarimsak> lavanta >kekik olarak belirlenmistir. Ele alinin tiim
yaglar 3. glin sonunda boceklerin %93-100Uinii 6ldiirdiigii belirlenmistir.
Uygulama sonras1 yapilan tat ve aroma tadim testleri ve tiiketici anketi ile
piringte biraktig1 etki degerlendirilmistir. Ozellikle TarYum uygulanmis
piring pilavi, lezzetli bulunmus ve TarYum depolanmis {iriinlerin
korunmasinda ticari potansiyeli oldugu belirlenmistir.

Efficacy of Essential Oils Combined with Egg Shell Dust on
Rice weevil, Sitophilus oryzae (Coleoptera: Curculionidae)

ABSTRACT

Egg, which is an excellent food in human nutrition, is one of the most
basic foodstuffs for a healthy diet. It contains all the nutrients from the
egg after the breast milk. World egg production has reached 86 million
tons in 2020. China is the largest with 34% and Turkey, ranks 11th in the
world for chicken eggs with 1.3%. Used egg shells are thrown away
without recycling. In this study, dust egg shells were combined with
essential oils and investigate toxicity against rice weevil, Sitophilus
oryzae (Coleoptera: Curculionidae). In this aim, thyme (KekYum), garlic
(SarYum), lavander (LavYum) and cinnamon (TarYum) essential oils
were mixed up with egg shell dusts. Experiments were carried out under
25+1°C temperature, 65+£5% relative humidity and dark laboratory
conditions with 3 replications, each replications included that 15 adult
insects. Efficacy of egg shell dust combined with essential oils were
cinnamon> garlic> lavender> thyme, respectively in same concentration.
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All essential oils were determined to kill 93-100% of insects after 3 days application. After the application, the taste
and aroma left by the essential oils in the rice were evaluated with taste tests and consumer surveys. Especially,
TarYum applied rice pilaf was found delicious by consumers and TarYum determined that it can be commercial
potential as a natural insecticide product for stored product protection.

1. GIRIS

Diinyada hizla artan niifus 6nemli sorunlari ortaya ¢ikardig: bilinmektedir. Artan niifusa yeterli ve dengeli
beslenebilecegi kaynaklarin saglanmasi giiniimiiziin 6nemli sorunlarindan biridir. Temel besin
ihtiyaclarmin karsilanmasinda bitkisel proteinler 6nde gelmektedir. Bitkisel proteinlerin en dnemlisi ise
tahillardir ve insan beslenmesinde biiyiik bir yer kaplamaktadir. Tiirkiye’ de tahil {irtinleri iiretim miktarlari
2021 yilinda bir 6nceki yila gore %14,3 oraninda azalarak yaklasik 31,9 milyon ton olarak gerg¢eklesmistir
[1]. Bu oransal diisiis tahillarin saklanmasi ve korunmasindaki 6nemi artirmistir. Tahillarin kisa zamanda
tilketilememesi sebebiyle, uygun kosullarda kayiplara ugramadan depolanmasi gerekir. Depolanmis
tiriinlerde en 6nemli kayip hayvansal kokenli organizmalar tarafindan yapilmaktadir. Depolanmis {iriin
zararlilart Uriinii yiyerek, tohumlarin ¢imlenme kabiliyetini azaltarak veya yok ederek {iriine viicut
kalintilarini, pisliklerini, salgilamis olduklar1 ag ve benzeri maddeleri birakarak kalitesinin ve ticari
degerinin diismesine neden olurlar [2]. Zararlilarla miicadelede tarihsel siire¢ géz Oniine alindiginda,
bitkilerden elde edilen 6ziitlerin kullanimi1 oldukga eski bir uygulama yontemi olmasina ragmen, zamanla
yerini uygulama kolaylig1 olan kimyasallara birakmistir. Giiniimiizde tarim ilaglarinin kullanimi ekolojik
dengeyi bozarak dogal hayat1 ve insan sagligini tehdit eder hale gelmistir. Sentetik pestisitlerin yol agtig1
olumsuz etkiler iizerine yapilan ¢alismalarda, pestisitlerin hedef zararlilarda direng gelistirdigini, hedef
olmayan canlilar etkiledigini, ¢evrede ve tarim iirlinlerinde kalint1 biraktigin1 géstermektedir. Bu durumda
tarimsal alanda alternatif miicadele arayisi hizlanmis ve bitkisel kdkenli bilesiklerin 6nemini artirmaktadir

[3]

Baglica bitkisel kokenli insektisitler Azadirachtin, Pyrethrum, Rotenon, Nicotin, Ryania, Sabadilla, Quassia
[4] seklindedir. Bitkisel kdkenli insektisit olarak lizerinde en ¢ok calisilan tesbih agaci, Azadirachta indica
bitkisi oldugunu bildirmistir [5-6]. Azadirachta indica, yaprak veya kabuklarinin kurutulmasiyla, meyve
veya tohumdan terpenoid yapida olan azadirachtin ekstrakte edilerek, tohum veya tohum kabugundan elde
edilen yag gibi ¢esitli sekillerde zararlilarla miicadelede kullanilmaktadir [7]. Kimyon, anason ve okaliptiis
yag1, yaprak biti, Aphis gossypii Glover’ye, sarimsak yagi depo zararlis1 Khapra bocegi, Trogoderma
granarium Everts.’a etkili oldugu bulunmustur [8]. Sarimsak (Allium sativum L.) ekstraktinin bocekler i¢in
etkili bir repellent (uzaklastiric1) oldugu uzun yillardir bilinmektedir. Sarimsagi Nohut tohum bdcegi
(Callosobruchus maculatus F.), Piring biti (Sitophilus oryzae L.), Bugday biti, (Sitophilus granarius L.),
Degirmen giivesi (Ephestia kuehniella Zeller) ve Kuru meyve giivesi (Plodia interpunctella Hiibner) kars1
etkili oldugunu [9]ayrica lahana ve marul zararlilarindan Plutella xylostella L., Trichoplusia ni Hiibner ve
Pieris rapae L.’in zararin1 dnemli 6l¢lide azalttigini belirtmislerdir [10].

Yumurta insan beslenmesinde miikemmel bir gida olup, anne siitiinden sonra insanin ihtiyaci olan tim
besin Ogelerini bulunduran tek besin kaynagidir. Ulkemiz yumurta ihracatinda %11,8 oraniyla,
Hollanda’dan sonra 2. iilke konumundadir [11]. 2019 yili Diinya Gida ve Tarim Orgiitii (FAO) verilerine
gore 1,2 milyon ton yumurta iiretilmis ve 275 bin ton yumurta yurt disina satilmistir [12]. Bu da yaklasik 1
milyon ton yumurtanin iilkemizde tiiketildigi anlamina gelmektedir. Yapilan arastirmalara gore bir
yumurtanin %10 unun kabuk oldugu belirlenmistir [13]. Bir milyon ton yumurtadan 100 bin ton yumurta
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kabugu atik olarak ortaya ¢ikmaktadir. Son yillarda atik yumurta kabugunun degerlendirilmesi bakimindan
kalsiyum tableti yapilmasi, yumurta zarindan hap tiretilmesi, kompozit malzeme katkis1 ve yumurta kabugu
gibi dogal maddelerden buzdolabi pargalar1 yapimi seklinde degerlendirilmektedir.

Hasat sonrasinda iiriinlerin korunmasi oldukc¢a &nemlidir. Ulkemizde piring biti en yaygm goriilen
depolanmus iiriin zararlilarindandir. Bu ¢alisma kapsaminda, bitkisel kokenli yaglar dogal bir madde olan
yumurta kabugu tozuna emdirilerek, dogal tasiyicit materyal olarak kullanilmasi amaglanmistir. Boylece
depolanan tiriinlere daha kolay karistirilmasi ve iirtinlerin boceklerden korunmasi hedeflemistir. Bu amacla
dort adet bitkisel kokenli ucucu yag yumurta kabugu tozuna emdirilmistir. Bu toz pirince karistirilarak,
Oonemli bir depo zararlisi olan Piring biti, S. oryzae (Coleoptera: Curculionidae) ile miicadele olanagi
arastirilmastir.

2. MATERYAL VE YONTEM

Calisma kapsaminda yumurta kabugu, piring, piring biti, bitkisel kokenli ugucu yaglar materyal olarak
kullantlmistir.

2.1. Yumurta kabugu eldesi

Atik yumurta kabuklari biriktirilmis ve yikanarak temizlenmistir. Yikanan yumurta kabuklar1 bir tencere
icerisinde 10 dakika kaynatilarak steril hale getirilmistir. Daha sonra 50 °C sicakliga ayarlanmis firinda 30
dakika kurutulmus ve blender (Arzum AR146, Tiirkiye) ile pargalanarak toz haline getirilmistir. Elde edilen
toz 63 mikron araligindaki laboratuvar eleginden (Retsch GmbH, Germany) elenerek yumurta kabugu tozu
elde edilmistir.

2.2. Bocek tuiretimi

Denemelerde kullanilacak bocek kiiltiirii iiretiminde 1 litrelik kavanozlarin yarisina kadar bugday ve igine
200-300 adet karisik cinsiyette Piring biti, Sitophilus oryzae (Coleoptera: Curculionidae) konmustur.
Bocekler 1 hafta sonra kavanozdan elenerek ¢ikarilmistir. Bocek kiiltiiriiniin olusturulmasina bu sekilde
devam edilmistir ve yaklasik 30 giin sonra yeni ¢ikan bocekler ile denemeler yiirtitiilmiistiir. Denemelerde
piring bitinin 7 -14 giinliik karisik cinsiyette erginleri kullanilmistir.

2.3. Denemelerde kullamlan pirin¢

Denemelerde %13-14 nem oranina sahip Osmancik cinsi piring kullanilmistir. Piring olas1 bécek bulasikligi
icin -18 derecede, 3 giin bekletilmis ve steril hale getirilmistir.

2.4. Bitkisel kokenli u¢ucu yaglar

Bitkisel kokenli yag olarak kekik, tar¢in, sarimsak yaglar1 (ATL Essential Oil Co.-Canada) ve lavanta yag1
(Tr-Lavanta Ltd.,Kirklareli, Tiirkiye) kullanilmis ve yaglar +4 °C buzdolab1 kosullarinda saklanmastir.

2.5. Dozlar ve karisim hazirlama

Kekik, tar¢in, sarimsak ve lavanta yaglarindan 0,5 ml yag siringa ile gekilerek 5 gram yumurta kabugu
tozuna emdirilmis ve toz kasik yardimiyla karigtirilarak 24 saat bekletilmistir. Bu sekilde Kekik yag1 +
yumurta kabugu tozu- KekYum, Tar¢in yagi + yumurta kabugu tozu- TarYum, Sarimsak yagi + yumurta
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kabugu tozu- SarYum, Lavanta yag1 + yumurta kabugu tozu-LavYum olarak isimlendirilmistir. 125 gram
piring tartilarak 1 litrelik cam kavanozlara konulmus ve yumurta kabugu tozuna emdirilmis bitkisel yaglarla
elde edilen KekYum, TarYum, SarYum, LavYum karisimlari, ele aliman dozlardaki tozu tartilarak
kavanozlar i¢ine konmustur. Kavanoz elle 3 dakika sallanarak tozlarin piringle iyice karismasi saglanmistir.
On denemelerde tiim karisimlar igin 2.5 ve 5 g/kg dozunda uygulama gerceklestirilmistir. Bu dozlarda
yuksek etki gosterdigi belirlenen Taryum ve Saryum karisimlarinda 0.75 ve 1.5 g/kg dozlar1 da ilave
edilmistir. 25’ser gramlik 100 cc hacminde, 3 ayr1 kiigiik kavanoza aktarilmis ve igerisine 15 adet Piring
biti erginleri yumusak uglu firga ile aktarilmis ve boceklerin hava almasi i¢in kavanozun agiz kismina tiil
gecirilerek lastik yardimiyla sabitlenmistir. Denemelerde, 25 g toz uygulamasi yapilmis piring bulunan
kavanozlarda, 3 tekerriirlii olarak yiiriitiilmiistiir. Toz uygulamasindan 1, 3, 5, 7 giin sonra 6lii-canli bocek
sayimlar gergeklestirilmistir ve 5 kavanozda kontrol olarak birakilmistir.

2.6. Tadim denemeleri ve anket ¢calismasi

Bir litrelik kavanozlara konan ve toz uygulamasi yapilan 125 g piring, 25 gramlik 3 ayr1 deneme
kavanozuna aktarilmis ve bocek denemeleri yiiriitiilmiistiir. Geriye kalan 50 gram piring denemelerin
sonlandirilmasinin ardindan ayr1 ayr1 paketlenmistir. Pisirmede her bir pakette yer alan piring ayr1 ayri
kaselerde 1lik suda 5 dakika bekletilmis ve ayr1 ayr1 kaplarda sade pilav olarak pisirilmistir. Pilavlar 15
dakika kadar dinlendirilmistir ve tadim denemeleri i¢in dozlara ve kullanilan yaglara gore renkli etiketlerle
numaralandirilarak 30 ml hacmindeki plastik kaplara paylastirilmistir. 4 yag, 12 doz, 1 kontrolden olusan
toplam 13 doz icin ayr1 ayr pilav tadim setleri olusturulmustur. Bu pilav setleri konu hakkinda bilgisi
olmayan, siif dgretmeni ve dgrencilere uygulanmustir. Iki kisa anket sorusu olarak “Tat ve kokuda fark
var m1?” ve “Lezzetli buldunuz mu?” sorular1 yoneltilmis. Cevaplar Google formlar araciliyla toplanmustir.

2.7. Verilerin Analizi

Yumurta kabuguna emdirilmis ugucu yaglardan elde edilen KekYum, TarYum, SarYum, LavYum’ a ait
yilizde 6liim verilerinin degerlendirilmesi Excel programi kullanilarak her bir doza ait ortalama 6lim
oranlar1 hesaplanmigtir. Ortamalar arasindaki farkliliklarin belirlenmesinde SPSS 19 veri analiz programi
[14] kullanilarak, tek yonlii varyans analizi yapilmis ve farkliliklarin belirlenmesinde Duncan testi
kullanilmastir.

3. BULGULAR

Calisma kapsaminda yumurta kabugu tozu yaglarin tasiyici materyali olarak kullanilmistir. Boylece
yaglarin liriinlere daha kolay ve homojen karistirilmasi saglanmigtir. Yumurta kabugu tozunun dogrudan
bocek oldiiriicii 6zelligi olmamakla birlikte igerdigi yag ile bocekleri hem bocege degme (kontakt) hem de
bocegin gaz1 solumasi (fumigant) yoluyla etkiledigi belirlenmistir. Onemli bir depo zararlisi olan Piring biti
tizerinde yiiriitilen denemelerden 6nemli bulgular elde edilmistir. Yumurta kabugu tozuna emdirilerek
hazirlanan Kekik, Tar¢in, Sarimsak ve Lavanta yaglarinin hepsi kisa ve ¢ok kisa siirelerde yiiksek etki
gosterdigi belirlenmistir. Deneme yapilan kavanozlarin agzi havalanmay1 saglayacak sekilde ince tiil ile
kapatilmasina ragmen yiiksek oldiiriicii etki ile kontrol grubuna istatistiksel olarak da sonuglar 6nemli
bulunmustur. Ele alinan bitkisel yaglara gore elde edilen sonuglar ve istatiksel degerlendirme Sekil 1°de
gosterilmektedir.
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Sekil 1. Yumurta kabuguna emdirilmis ugucu yaglarin dozlara gore ortalama 6liim oranlar1 (*Giinler kiyaslanarak
yapilan Duncan testine gore ayni kiiciik harfler arasinda istatistiksel olarak fark yoktur p<0,005).

Kekik kullanilarak hazirlanan toz haldeki KekYum, 2.5 g/kg dozunda 1. giin sonunda herhangi bir 6liime
neden olmadigi, 5 g/kg dozda ise ortalama % 6.7 oraninda oldiiriicii etki gosterdigi belirlenmistir. Ancak
her iki doz uygulamanin 3. giiniinde %95-100 arasinda Oliime neden olmustur. Lavanta kullanilarak
hazirlanan toz haldeki LavYum, 2.5 g/kg dozunda 1. giin sonunda herhangi bir 6liime neden olmadigi, 5
g/kg dozda ise ortalama %17.8 oraninda oldiiriicii etki gosterdigi belirlenmistir. Ancak her iki doz
uygulamanin 3. giiniinde % 100 6lime ulagilmis ve tiim boceklerin 6ldiigii belirlenmistir. Sarimsak
kullanilarak hazirlanan toz haldeki SarYum, kekik ve lavanta i¢in kullanilan dozlar ile kiyaslandiginda
yuksek etki gostermistir. SarYum, kekik ve lavantaya gore 1.giinde bile yliksek etki gostermis olup, bu etki
boceklerin ortalama % 84 - %98 arasinda 6liimiine neden olmustur. Ayni1 dozda 3. giinde %100 Gliime
neden olmustur. Bu yiiksek etki nedeniyle iki ayr alt doz ele alinmis bu dozlardan en diistigli olan 0.75
g/kg dozda 1. giinde % 4 oraninda 6liime, 3. giinde ise % 87 oliime neden olarak diisiik dozlarda bile ¢ok
yuksek etki saglamistir. Tar¢in kullanilarak hazirlanan toz haldeki TarYum ele alinan tiim dozlarda ytiksek
etki gdstermistir. Ozellikle tar¢in, kekik ve lavanta ile kiyaslandiginda ayn1 dozlarda 1.giinde bile %100
Oliime neden olmustur. Bu yliksek etki nedeniyle iki ayr alt doz ele alinmis bu dozlardan en diisiigii olan
0.75 g/kg dozda 1. giinde %93 6liim, 3. glinde ise %100 6liime neden olarak diisiik dozlarda bile ¢ok yiiksek
etki gostermistir (Sekil 1). Denemeler sonucunda ele alina yaglarin piring biti {izerinde oldiiriicii etkisi
oldugu ve tar¢in ile sarimsagin diger iki bitkisel kokenli ugucu yaga gore diisiik dozlarda bile yliksek etki
gosterdigi belirlenmistir.

3.1. Tadim denemesi sonuclari ve degerlendirilmesi

Yumurta kabuguna bitkisel kokenli yag emdirilerek piring i¢ine eklenen kekik, lavanta, tar¢in ve sarimsagin
piring tlizerindeki tat ve aromasi Google formlar kullanilarak degerlendirilmistir. Yumurta kabuguna
emdirilerek yag uygulamasi yapilmais piring, emdirilmis olan yag1 pisirme sonrasinda da az ya da ¢cok oranda
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varligii korudugu belirlenmistir. Ozellikle ele alman yiiksek dozlarda aromatik kokunun daha yiiksek
oranda hissedildigi goriilmektedir. Ozellikle sarimsak igeren SarYum, en fazla hissedilen yag uygulamasi
olmustur. En ilging sonu¢ TarYum, uygulamasinda doz diistiik¢e tar¢in aromasinin da diistiigii ve daha az
hissedildigi belirlenmistir. Materyal metod kisminda belirtildigi sekilde sadece su ile pisirilen pilavlarin
tadim anket sonuglar1 Sekil 2°de verilmistir.
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Sekil 2. Tadim testleri anket sonuglari

Lezzet yoniinden kiyaslandiginda TarYum uygulamasi disindaki uygulamalarda lezzetin begenilmedigi
veriler elde edilmistir. En yiliksek oran LavYum uygulamasinda daha fazla oldugu goriilmektedir. Ancak
TarYum uygulanan pirincin pisirilmesiyle elde edilen pilavin ortalama % 52 oraninda lezzetli oldugu
belirlenmistir. En diisiik uygulama olan 0,75 g/kg dozda lezzet % 71 oraninda lezzetli bulunmustur (Sekil
2).

4. TARTISMA ve SONUC

Eski ¢aglardan beri bitkilerin bocekleri ¢ekici, uzaklastirici ve oldiirticii etki gosterdigi bilinmektedir.
Ozellikle gida iiriinlerini uzun siire bdceklenmeden saklanmasi icin bitkilerin parcalari, tozlari iiriinlere
karistirillarak kullanilmistir. Bitkilerin insan sagligi agisindan zehirli olmayanlar ve tedavi edici 6zellikte
olanlar bulunmaktadir. Bu ¢alismada giinliik hayatta kullandigimiz yaglar ele alinmistir. Yumurta kabugu,
kalsiyum karbonattan olusan emici yapisiyla, bitkisel kdkenli olan bu ugucu yaglarin iirlinlere homojen
olarak dagitilmasinda tasiyici gorev iistlenmistir. Pek ¢ok arastiric1 yaglarin bocekler lizerinde kontakt ve
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fumigant yolla dldiirdiiglinii belirlemistir. Bu agidan depolanmus iiriin zararlis1 bocek tiirleri lizerinde pek
cok calisma yapilmistir. Eun et al. [15], Kore’de yetisen baharat ve tibbi bitkilerinden ekstrakte edilen 16
ucucu yagin denmelerimizde de kullandigimiz piring biti, S. oryzae’ ye kars1 fumigant etkisini test etmisler
ve en yiiksek fumigant toksisiteyi (LCs0=45.5 ul/l) nane (Mentha arvensis L var. piperascens) bitkisinden
elde ettikleri ugucu yagin gosterdigini bildirmislerdir. Pascual-Villalobos [16], kimyon, kisnis otu, feslegen
ve papatya bitkilerinden elde edilen ugucu yaglarin 2, 20 ve 50 ul/l dozlarinin C. maculatus ve bugday biti,
Sitophilus granarius L.’a kars1 olan insektisit etkisini arastirmigtir. Aragtirma sonunda, kimyonu ugucu
yaginin, 20 pl/l dozunun nohut tohum bocegi, C. maculatus’un % 100 Sliimiine ve 2 ul/l dozunun ise %
60’1n1n 6liimiine sebep oldugunu, ayni ugucu yagin uygulanan 25 pl dozunun ise S. granarius erginlerinin
% 68’1ni oldiirdiigiinii tespit etmistir. Ho et al. [17], sarimsak ugucu yagini filtre kagidina emdirerek, Misir
biti, Sitophilus zeamais yumurta larva ve erginlerine kars1 yaptiklar etkinlik denemelerinde yumurtanin en
hassas, larvanin en dayanikli oldugu ve ¢alismamiza benzer sekilde erginlerin 24 saat igerisinde dldigi
(KDgs=11,54 mg/cm?) belirlenmistir. Devi and Devi [18] yaptiklar1 ¢alismada targin, anason, rezene,
kimyon tozunu 1000 ppm dozda piring bitine uygulamis ve 14 giin sonra yapilan sayimlarda, piring biti
erginlerine kars1 sirasiyla % 89.8, 89.7, 83.6, 76.6 ve 68.3 oldiirticii etki gosterdigini belirlemistir.

Bitkisel kokenli yaglarin ¢ogunlukla boceklerde sinir sistemi lizerinde etkili oldugu [19], biiylime ve
gelismenin yani sira, sindirim enzimlerini blokladig1 [20] belirlenmistir. Bitkilerden elde edilen ugucu
yaglar pek ¢ok depolanmuis {iriin zararlisinin kontroliinde etkili olmaktadir [21]. Bitkisel kokenli yaglarin,
sentetik kimyasallara gore ¢evre dostu oldugu yapilan ¢aligmalarla ortaya konmustur [22]. Ayrica bu
yaglarin organik iirlinlerin ve tohumlarin korunmasinda kullanilmast miimkiindiir [23]. Fumigant etki ile
bocekleri dldiiren bu yaglarin, dogal yumurta kabugu tozuna emdirilerek depolanan tahil {irlinlerinin
korunabilecegi ilk kez bu calisma ile ortaya konmustur. Elde edilen sonuglar kekik, lavanta, sarimsak ve
tarcin yaglarmin yumurta kabugu ile karigimlarimin etkinliklerinde 1. gilinde farkliliklar oldugu
belirlenmistir. Ancak bu farkliliklarin 3.glinde % 100 6liime ulagmasi ile yiiksek etki gosterdigi ortaya
konmustur. Yumurta kabuguna emdirilerek yapilan uygulamalarin kilogram bazinda dogru dozda, kolay
kullanim avantaj1 da saglamaktadir.

Kullanilan bu bitkisel kokenli yaglarin tirtinde biraktiklar: koku da 6zellikle tiiketici agisindan biiyiik 6nem
tasimaktadir. Bu calisma ile tar¢in disindaki diger uygulamalarin tiiketici tarafindan lezzetli bulunmadigi
belirlenmistir. Bu kokularin 6zellikle doz artis ve azalisina bagli olarak hissedilmenin artip azaldig:
belirlenmistir. Sarimsak yagi iceren SarYum uygulanmis piringten pisirilen pilav igerisinde ele alinan en
diisiik dozda bile en ¢ok hissedilen yag olmustur. Tar¢in’dan elde edilen TarYum’un hem yiiksek bocek
oldiirticii etkisi oldugu, hem de lezzet yoniinden tercih edilebilir oldugu ortaya konmustur. Bitkisel kokenli
yaglarin yumurta kabuguna emdirilmesiyle, yumurta kabugunun geri doniisiime katki saglamasinin yani
sira ¢evre koruyucu ticari potansiyeli olan bir uygulama oldugu belirlenmistir. Bundan sonraki ¢aligmalarda
yumurta kabugu ile daha diisiik dozlarda uygulamalarin etkinliginin ortaya konmasi, iirlin paketlerine
uygulanmas1 ve ayrica kitlesel olarak gercek depo kosullarinda ¢alismalarin yapilarak biiyiik depolarda
kullaniminin arastirmasi gerekmektedir.
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Finansman
Yazarlar bu ¢alismanin arastirilmasi, yazarligi veya yayinlanmasi i¢in herhangi bir maddi destek almamastir.
Cikar Catismasi/Ortak Cikar Beyani
Yazarlar tarafindan herhangi bir ¢gikar ¢catigsmasi veya ortak ¢ikar beyan edilmemistir.
Yazarlarin Katkist
I1k yazar %40, ikinci yazar 40%, iiciincii yazar %20 katkida bulunmustur.
Etik Kurul Onay
Bu calisma etik kurul izni veya herhangi bir 6zel izin gerektirmez.
Arastirma ve Yaywn Etigi Bildirgesi

Yazarlar, makalenin tiim siire¢lerinde Environmental Toxicology and Ecology Dergisinin bilimsel, etik ve alinti
kurallarina uyduklarin1 ve toplanan veriler {izerinde herhangi bir tahrifat yapmadiklarini beyan ederler. Ayrica
karsilasilabilecek etik ihlallerden Environmental Toxicology and Ecology ve yayin kurulunun higbir sorumlulugu
olmadigini ve bu ¢calismanin Environmental Toxicology and Ecology disinda herhangi bir akademik yayin ortaminda
degerlendirilmedigini beyan ederler.
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The Effects of Salinity on Germination and Seedling Growth
of Some Canola Varieties

Ubah Yakub OSMAN Ali Irfan ILBAS

ABSTRACT

The present thesis focused on determination of the effect of salinity on
germination and seedling growth of some canola varieties. Factorial
experiments were conducted in randomized complete block design with
replications including 4 canola cultivars (PR44W29, NK LINUS, DK
EXTORM, ES NEPTUNE) and 6 salinity levels (0, 5, 10, 15, 20, 25%
Electrical connectivity (EC) generated through addition of 0, 2.75, 5.72,
9, 12.45 and 15.70 g/l NaCl, respectively). Following 7 day germination
tests, number of germinated seeds were counted and length of whole
plant, shoot and root fresh and dry weights were measured.

The highest germination rate (85.5%) was obtained from 0% EC salinity
level of DK EXTORM and the lowest (1.5%) from 25% EC level of NK
LINUS variety. The differences in germination rates of the experimental
groups were not found to be significant (P>0.05). The highest seedling
height (74 mm) was obtained from 5% EC level of NK LINUS variety
and the lowest from 25% EC level of PR44W29 and DK EXTORM
varieties (P<0.05). The highest root length (64.1 mm) was observed in 5%
EC level of NK LINUS variety. However, because of high salinity levels,
ES Neptune and DK EXTORM and PR44W?29 varieties did not achieve
root development at 25% EC salinity level (P<0.05). The highest fresh
weight (125.9 g) was obtained from 5% EC level of NK LINUS variety
and the lowest (0 g, all seedlings were dead) from 25% EC level of ES
NEPTUNE and DK EXTORM varieties (P<0.05). The highest dry weight
(5.5 g) was obtained from 20% EC level of NK LINUS variety. Dry
weights were not able to be measured in ES Neptune and DK EXTORM
varieties since seeds died at high level salinity levels. The lowest dry
weights (2.1 and 2.7 g) were obtained from 25% EC level of DK
EXTORM and PR44W?29 varieties, respectively. In general, decreasing
germination, seedling length, fresh and dry weights were observed with
increasing salinity levels (from 0% EC to 25% EC).

1. INTRODUCTION

A relatively new crop and the only one that was “made in Canada”,
canola has become one of the world’s most important oilseed crops
and profitable choice for Canadian farmers in only a few decades.

Canolais atype of edible rapeseed. Canola is not individual species.
It has breaded from 3 rapeseed species. It has genetically low in
erucic acid and glucosinolates. Canola differs from standard or
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industrial rapeseed since it has less than 2 percent erucic acid in the oil and less than 30 micromoles
glucosinolate per gram of the meal. These two quality standards allow canola oil to be used as a healthy
cooking oil and the meal as a high-quality protein supplement for livestock. Canola name came from
shortened of "Canadian oil low acid “. To another statement, “Can” for Canada and “o” for oil, and ‘la’ for
low acid. « Canada began developing rapeseed with low levels of erucic acid in the oil in 1957 to meet the
growing demand for cooking oil [1].

Canola is a crop with plants from three to five feet tall that produce pods from which seeds are harvested
and crushed to create canola oil and meal. These plants also produce small, yellow flowers, which beautify
the environment. Canola seeds contain about 45% percent oil.

Germination is the process of seeds developing into new plants. First, environmental conditions must trigger
the seed to grow. When water is plentiful, the seed fills with water in a process called imbibition. Seed
germination is first critical and at the same time the most sensitive stage in the life cycle of plants and the
seeds exposed to unfavorable environmental conditions like drought stress may have to compromise the
seedlings establishment [2].

After pollination, houses both a zygotic embryo that will form the new plant as well as a storage tissue to
supply nutrients that support seedling growth following germination. One part of the seed, the embryo,
begins to get energy from another part of the seed the endosperm. The embryo begins to grow a small root
called the radicle downward to find moisture. A shoot called the plumula begins to grow upwards in search
of light and air [3].

Canola oil is now the third largest source of edible oil following soybean and palm oil. Canola seeds contain
about 45% oil. This large percentage of oil comes in small package, canola seeds are little big form in size
to poppy seeds, though brownish black in color. Although they look similar, canola and rapeseed and their
oils are very different in term of erucic acid content of seed. Canadian scientists used traditional plant
breeding in the 1960s to practically eliminate two undesirable components of rapeseed-erucic acid from
meal to create “canola”, a contraction of “Canadian” and “ola” Canola oil is prized for its heart-healthy
properties with the least saturated fat of all common culinary oils [4].

High salinity is a common abiotic stress factor that seriously affects the production of crops in some parts
of the world, particularly in arid and semi-arid regions. About 8 million hectares of agricultural land
worldwide are exposed to salt stress. One of the major variables contributing to salt accumulation and the
resulting decline in agricultural productivity is irrigation with low quality water. In the end, salinity stress
decreases plant growth, but plant species vary in their salinity tolerance. Various biotic and abiotic stresses
limit successful cultivation of canola, with salinity being one of the major abiotic factors limiting production
[5, 6].

Salinity is one of the environmental factors that has a vital impact on canola seed germination and the
establishment of plants. Imbibition, germination and root elongation are impaired by salinity. However, the
way NaCl influences these critical processes, whether by an osmotic effect or a particular ion toxicity, is
still the same. Unresolved. Dimorphic canola seeds [7].

Soil salinity, which is a common problem in irrigated areas of Iran with low rainfall, is a major restriction
to the seed germination and seedling establishment of canola. This problem has a negative impact on crop
growth and development and contributes to low agricultural production. For a crop subjected to salinity,
germination is one of the most important times. The germination of canola seeds can be affected by soil
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salinity, either by creating an osmotic potential outside the seed to prevent water absorption or by the toxic
effects of Na and Cl ions on the germinating seeds [8].

Bybordi et al. [9] expressed that plant growth is ultimately reduced by salinity stress, but plant species differ
in their salinity tolerance and this effects come from either by creating an osmotic potential outside the seed
to prevent water absorption or by the toxic effects of Na and Cl ions on the germinating seeds. According
to their experimental study that the highest fresh and dry weights of roots and leaves were observed in
control, while salinity at 200 mM decreased significantly both root and leaf weight during time [9]. Atis
[10] stated that salt doses caused to delay the germination initiation time and even at low salt doses, root
growth decreased especially. Shahbazi et al. [11] reached a result from investigating of effect of NaCl
treatments on germination and seedling characteristics of canola cultivars that salinity stresses have been
substantially impacted on germination percentage and a decrease in germination percentage was triggered
by increased NaCl concentration.

The study will contribute knowledge and experience about the role of salinity in improving seed
germination and seedling growth efficiency and productivity. Farmers can use the data to improve seedling
productivity.

The objective of this study is to investigate how effect salinity levels on germination and seedling growth
of some canola varieties approved officially in Turkey and cultivating in the winter season.

2. MATERIAL and METHODS

Canola seed used in the experiment provided DEKALB and PIONEER companies. Varieties name are
PR44W29, DK EXTORM, NK LINUS, ES NEPTUNE. In the experiment used NaCl as Salt calculated
doses. This experiment was carried out Laboratory Faculty Agriculture of Erciyes University.

This experimental study was carried out at the Laboratory of Faculty of Agriculture at Erciyes University
in 2020. The experiment was laid out in Completely Randomized Design with two factors (four cultivars
and six salinity levels), and each treatment replicated four times.

The experiment was conducted to observe the influence of different NaCl concentrations on germination,
root and shoot length, hard seed and abnormal seedlings. The solution used for study consisted of 0 (as
control), 5, 10, 15, 20 and 25% EC provided by mixing in pure water and 0, 2.75, 5.72, 9.00, 12.45 and
15.70 g NaCl. For each cultivar 50 seeds for each of six NaCl treatments were used Test Cabinet machine.
Seed could germinate in laboratory condition on filter papers in packet plastic in solution of the respective
salt concentration. The seed germination was investigated after every 24 h. Seed germination was started
after 12 h (seed were germinated with emergence of the radical). The germinating seeds were counted at
regular intervals. The lengths of root and shoot of the germinated seeds which were more than 2 mm in
length were measured and recorded after 7 days, 10 plants from each box were randomly chosen and tagged
for subsequent sampling. Root shoot and whole plant of seedling measured

All data were subjected to analysis of variance (ANOVA) using Completely Randomized Design with two
factors and four replications using SPSS statistical program. F test was used to determine the significance
of treatments, and Duncan Multiple Range test was used to compare mean values. Graphics regarding the
effects of salt levels on each trait were drawn with Excel 2013.
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3. RESULTS

3.1. Germination Rate

Table 4.2 shows us that germination rate average of varieties changed between 26.3-75.6% According to
Table 4.2 the highest germination rate (85.5%) DK EXTORM has taken 0 NaCl and NK LINUS the lowest
germination rate found as (1.5%) with 25 ns NaCl dose germination rate.

According to germination rate, varieties were separated four groups (Table 1). From highest to lowest
germination rates they ranked as DK EXTORM, PR44W29, ES NEPTUNE and NK LINUS, respectively.
The germination rate was found as 62.0, 61.6, 52.5, 48.7, 37.9 and 20.1% at the salinity levels applications
as 0 (as control), 5, 10, 15, 20 and 25% EC, respectively. And it was found as a lowest germination rate
(20.1%) at the level of 25% EC which was differed from other salinity groups (Table 1). This result shows
us that increasing salinity levels decrease germination rate.

Table 1. Germination rate (%) data provided from different doses of NaCl application on different varieties of canola

Salinity Levels

(EC%) Varieties of Canola Means
PR44W29 DK EXTORM NK LINUS ES NEPTUNE

0 54.0 85.5 52.5 56.0 62.02
5 59.0 83.0 455 59.0 61.62
10 56.0 745 335 46.0 52.5P
15 495 80.5 17.0 47.8 48.7°
20 44.0 69.0 8.0 30.5 37.9¢
25 13.5 61.5 15 4.0 20.1¢

Means 46.0° 75.62 26.39 40.5° 47.1

It is possible to see the results of the effects of salinity levels on germination rate of the canola cultivars in
Figure 1.

GERMINATION RATE
90
8555
80 8 80,5
745
70 69

60
50
40
30
20

10

OEC 5EC 10EC 15EC 20EC 25EC

e PRAAWZY DK EXTORM NK LINUS ES NEPTUNE

Figure 1. Germination rate of the canola cultivars subjected different salinity levels.
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3.2. Seedling Length

Seedling length of varieties changed between (18.9-50.3mm) According to Table 2 the highest seedling
height (74mm) NK LINUS has taken 5 NaCl and PR44W29 and DK EXTORM the lowest seedling he
found as 1.3-0mm 25EC NaCl dose seedling height.

Table 2. Seedling length (mm) data provided from different doses of NaCl application on different varieties of canola.

Doses of NaCl Varieties of Canola Means
PR44W29 DK EXTORM NK LINUS ES NEPTUNE

0 41.8 56.2 73.2 34.7 51.52

5 34.6 59.3 74.0 31.4 49,82

10 23.6 41.8 65.5 25.1 38.6°

15 15.1 19.9 45.5 19.5 24.9¢

20 111 7.9 30.1 3.0 13.0¢
25 1.3 0 13.7 0 3.7°
Mean 21.3¢ 30.8° 50.32 18.9¢ 30.3

seedling length they ranked as DK EXTORM, PR44W29, ES NEPTUNE and NK LINUS, respectively. The seedling
length was found as 51.1, 49.8, 38.6, 24.9, 13,3.7 at the salinity levels applications as 0 (as control), 5, 10, 15, 20 and
25% EC, respectively. And it was found as a seedling lenght (3.7%) at the level of 25% EC which was differed from
other salinity groups (Table 4.5). This result shows us that increasing salinity levels decrease seedling length. Results
of salinity levels on seedling length of the canola cultivars can be shown in Figure 2.

SEEDLING LENGHT
80
732 74
70
5,5
60
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50
40 4k
34:7
30
20
13,7
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31
0
0EC 5EC 10EC 15EC 20EC 25EC
e PRAAW29 s DK EXTORM NK LINUS ES NEPTUNE

Figure 2. Seedling length of the canola cultivars subjected different salinity levels.
3.3. Root Length

The length of root average of varieties changed between (18.3-39.3mm) According to Table 3 the highest
length of root (64.1mm) NK LINUS has taken 5 NaCl and ES NEPTUNE and DK EXTORM and PR44W29
the lowest length of root found as 25EC NaCl dose length of root.Page limit is 20 including all items.
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Table 3. Length of root (mm) data provided from different doses of NaCl application on different varieties of
canola.

Doses of NaCl Varieties of Canola Means
PR44W29 DK EXTORM NK LINUS ES NEPTUNE
0 35.7 39.9 63.9 39.6 44,82
5 46.3 29.8 64.1 33.8 4352
10 39.3 23.3 39.9 20.7 30.8°
15 17.2 12.9 37.0 16.9 21.0¢
20 9.2 4.4 21.1 3.4 9.64
25 0 0 10 0 2.7¢
Means 24.8P 18.3¢ 39.32 19.0¢ 25.4

According to length of root average, varieties were separated four groups (Table 3) From highest to lowest
length of root they ranked as DK EXTORM, PR44W29, ES NEPTUNE and NK LINUS, respectively. The
length of root was found as 44.8, 43.5, 30.8, 21, 9.6, 2.7 at the salinity levels applications as 0 (as control),
5, 10, 15, 20 and 25% EC, respectively. And it was found as the lowest length of root (2.7%) at the level of
25% EC which was differed from other salinity groups. Results of salinity levels on length of root of the
canola cultivars can be shown in Figure 3.
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Figure 3. Root length of seedling of the canola cultivars subjected different salinity levels.

3.4. Fresh Weight

Fresh weight average of varieties changed between (44.2-91.4 g). According to Table 4 the highest fresh
weight (125.9 g) NK LINUS has taken 5 NaCl and ES NEPTUNE and DK EXTORM the lowest fresh
weight found as 0 25EC NaCl dose of fresh weight.
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Table 4. Fresh weight (g) data provided from different doses of NaCl application on different varieties of canola.

Doses of NaCl Varieties of Canola Means
PR44W?29 DK EXTORM NK LINUS ES NEPTUNE

0 52.9 73.8 114.7 80.3 80.5P

5 81.1 78.6 125.9 74.5 90.02

10 60.0 60.8 11.8 49.2 70.5¢

15 41.3 32.4 79.5 38.0 47.84

20 18.5 19.7 62.2 24.3 31.2¢

25 26.9 0 54.2 0 20.3f

Means 46.7° 44.2° 91.42 44.3° 56.7

According to fresh weight average, varieties were separated four groups (Table 4) From highest to lowest
fresh weight rates they ranked as DK EXTORM, PR44W29, ES NEPTUNE and NK LINUS, respectively.
The fresh weight was found as 80.5, 90, 70.5, 47.8, 31.2, 20.3 at the salinity levels applications as 0 (as
control), 5, 10, 15, 20 and 25% EC, respectively. And it was found as a lowest fresh weight (20.3%) at the
level of 25% EC which was differed from other salinity groups (Table 4). This result shows us that
increasing salinity levels decrease fresh weight. The results of salinity levels on fresh weight of seedling of
the canola cultivars can be shown in Figure 4.
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Figure 4. Fresh weight of seedlings of the canola cultivars subjected different salinity levels.
3.5. Dry Weight

Dry weight average of varieties changed between (2.5-4.99). According to Table4.10 the highest dry
weight (5.5g) NK LINUS has taken 20 NaCl and ES NEPTUNE and DK EXTORM the lowest dry
weight found as 0 25EC NaCl dose of dry weight.

Table 5. Dry weight (g) data provided from different doses of NaCl application on different varieties of canola.

The Effects of Salinity on Germination and Seedling Growth of Some Canola Varieties 17
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Doses of NaCl Varieties of Canola Means
PR44W?29 DK EXTORM NK LLINUS ES NEPTUNE
0 3.7 3.4 5.1 3.2 3.8°
5 4,5 4.0 3.4 2.9 3.7°
10 4.0 4.2 5.5 3.8 4,32
15 3.6 3.3 5.0 2.5 3.6°
20 3.3 2.1 5.5 2.6 3.4°
25 2.7 0 4.9 0 1.9¢
Means 3.6° 2.8¢ 4.92 2.5¢ 35

The results of salinity levels on dry weight of seedling of the canola cultivars can be shown in Figure 4.3. According
to dry weight average, varieties were separated four groups (Table 4.10) From highest to lowest dry weight they
ranked as DK EXTORM, PR44W29, ES NEPTUNE and NK LINUS, respectively. The dry weight was found as
3.8,3.7,4.3, 3.6, 3.4, 1.9 at the salinity levels applications as 0 (as control), 5, 10, 15, 20 and 25% EC, respectively.
And it was found as a lowest dry weight (1.9%) at the level of 25% EC which was differed from other salinity groups.

DRY WEIGHT
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e PR44W29 DK EXTORM NK LINUS ES NEPTUNE

Figure 5. Dry weight of seedling of the canola cultivars subjected different salinity levels.

4. DISCUSSION

The present research was carried out in the Erciyes University Faculty of Agriculture, Plant Physiology
Laboratory. Four different canola varieties and six doses applied in the study, germination rate, seedling,
and root length, fresh weight and dry weight. The results of this study indicate that the levels of salinity had
different influence on canola, and the canola cultivars had distinctive responses. This issue about effects of
salinity levels and responds of canola varieties were discussed fallow by comparing others studies in short.

According to results of the present study, increasing salinity as created with applying different NaCl doses
decreased germination rate, and germination rate as a means of varieties changed between 26.3-75.6% But,
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responding of varieties showed differences in same degree and the highest germination rate was recorded
as 85.5% at DK EXTORM cultivars with control (0 NaCl) application. This result was accordance with
those of study by Jamil, et al. [13]. Kandil et al. [8] also reported that germination rate rapeseed varieties
significantly affected from increasing NaCl doses and varied between 65.33-100.00%. Similar results were
recorded from some other researches [14, 15, 16].

The substantial results of the present study were that the salinity caused significant reduction not only in
germination rate, but also root lengths, seedling lengths, and fresh and dry shoot weights. In addition, the
respond of the different canola varieties subjected increasing NaCl dose were different, too. These results
are shown an agreement with those ones obtained from some other researches [9,16,18,19,20]. As a result
of the present and the other studies decreasing of root and shoot lengths with increasing NaCl doses can be
considered as the important indicators for salt stress. Jamil, et al. [13] also mentioned that root and shoot
length provides an important clue to the response of plants to salt stress. These results obtained from the
present study are in accordance with those of obtained by several researchers [8, 9,12,13,17,18]. These
adverse effects of salinity on plant growth may also be due to ion cytotoxicity and/or osmotic stress and
nutritional deficiencies [21].

5. CONCLUSION

The experiments were performed to examine the effect of salt stress and priming on initial growth of four
rapeseed cultivars. The study was focused on to determine the effect of salinity on germination and seedling
growth of some canola varieties. Thus, the objective of this study was to determine to evaluation of salinity
on germination and seedling growth of 4 canola cultivars factorial experimental was carried out based on
complete randomized design include 6 salinity levels (0,5,10,15,15,20, and 25 Mm NaCl) and 4 canola
cultivars (PR44W29, NK LINUS, DK EXTORM, and ES NEPTUNE)) with 4 replications. In this
experiment | measured every day how much seed are germinated after 7 days | measured the length of
whole plant shoot and root.

As a result of this study conducted under controlled conditions. It has been determined that the tolerance of
the varieties to different salts varies. Some winter canola varieties with different NaCl dose the effect on
the germination of this in the study, increasing NaCl doses were statistically significant negative on
characters. It had an effect on the variety x NaCl interaction significant. This study reveals that the effect
of increasing NaCl doses on the examined characteristics varies according to the varieties. Low NaCl doses
gives better result in terms of canola varieties germination rate, rootlet and often spur on shoot length than
higher doses.
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Spatial Distribution of the Geogenic Radon Gas in Soils Near
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Umit YILDIZ
ABSTRACT

Natural radiation, which derives from uranium, thorium, and potassium,
exists in a variety of geological environments including soils, rocks,
plants, water bodies, and air, and is widely distributed in the Earth’s crust.
Regions with uranium-rich soil or rock typically have very high radon
levels and it is a known fact that radon gas is the leading cause of lung
cancer among non-smokers and it ranks as the second most common
cause of lung cancer overall. This study aimed to create spatial
distribution maps of radon gas concentrations in the soils close to a small
town and a prospective uranium mine located in the western flank of the
Black Hills uplift, Wyoming, to determine the potential health risks of the
area. During this study, 204 in-situ measurements of the radon soil gas
concentration in the soil were conducted within a study area of about 114
km?, which is located near Moorcroft, Crook County, Wyoming, United
States. The concentrations for radon soil gas ranged from 1.1 kBg/m? to
371.3 kBg/m?® with an average of 53.5 kBg/m®. In addition, a spatial
distribution map was created for the soil gas radon concentrations. Based
on this map, elevated concentration values appeared to be in the
Moorcroft town center and the southeastern and southwestern portions of
the study area. The northern part of the study area, which is closer to the
prospective uranium mine, also shows east-west trending elevated values.
The presence of the high-risk soil gas radon activity concentrations within
the study area can be explained by the presence of the roll front type
uranium mineralization in the northern part of the research area. 40% of
the sites, with radon levels exceeding 50 kBg/m?, indicated high risk in
the region.

Kiiciik Bir Kasaba ve Uranyum Madeni Yakinindaki
Topraklardaki Jeojenik Radon Gazinin Mekansal Dagilim,
Bat1 Black Hills, Wyoming, ABD

OZET

Uranyum, toryum ve potasyumdan kaynaklanan dogal radyasyon, toprak,
kaya, bitki, su kiitleleri ve hava dahil olmak lizere cesitli jeolojik
ortamlarda bulunur ve yer kabuguna yaygin olarak dagilmistir. Uranyum
acgisindan zengin toprak veya kayaclara sahip bolgeler tipik olarak ¢ok
yiiksek radon seviyelerine sahiptir ve radon gazinin sigara igmeyenler
arasinda akciger kanserinin 6nde gelen nedeni oldugu ve genel olarak
akciger kanserinin en yaygin ikinci nedeni oldugu bilinen bir gergektir.
Bu arastirma, ¢aligma bolgesinin potansiyel saglik risklerini belirlemek
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icin kiiciik bir kasabaya ve Wyoming'deki Black Hills’larin bat1 kanadinda yer alan olas1 bir uranyum madenine yakin
topraklardaki radon gazi konsantrasyonlarinin mekansal dagilim haritalarini olusturmayr amaglamigtir. Bu ¢aligma
sirasinda, Moorcroft, Crook County, Wyoming, Amerika Birlesik Devletleri yakinlarinda bulunan yaklasik 114
km?21ik bir ¢aligma alaninda topraklardaki radon toprak gazi konsantrasyonunun 204 adet yerinde 6l¢iimii yapilmustir.
Radon toprak gazi konsantrasyonlarmin ortalamasi 53,5 kBq/m? “tiir ve degerler 1,1 kBg/m? ile 371,3 kBg/m?®
arasinda degismistir. Ayrica toprak gazi radon konsantrasyonlar1 i¢in mekansal dagilim haritas1 olusturulmustur. Bu
haritaya gore, yiliksek konsantrasyon degerlerinin Moorcroft kasaba merkezinde ve ¢aligma alaninin giineydogu ve
giineybat1 kisimlarinda oldugu ortaya ¢ikmigtir. Calisma alaninin muhtemel uranyum madenine daha yakin olan
kuzey kismi1 da dogu-bati1 yonlii yiiksek degerler gostermektedir. Calisma alani iginde yiiksek riskli toprak gazi radon
aktivite konsantrasyonlarinin varligi, aragtirma alaninin kuzey kesiminde roll-front tipi uranyum cevherlesmesinin
varlig1 ile agiklanabilir. Radon konsantrasyonlarinin %401 50 kBg/m*'1i asti81 i¢in bu sahalarin bolgede daha yiiksek
riskli oldugunu gdstermistir.

1. INTRODUCTION

Natural radiation, which derives from uranium, thorium, and potassium, exists in a variety of geological
environments including soils, rocks, plants, water bodies, and air, and is widely distributed in the Earth’s
crust. Uranium is a naturally occurring toxic heavy metal that is found in nearly all types of rocks, soils,
sands, and water in trace amounts [1]. In the earth's crust (continental and oceanic) the average
concentration of uranium is 2.3 ppm [2]. Where the geological conditions are favorable, deposits of uranium
may occur in higher concentrations. Similarly, soil, water, and air all contain small levels of radon gas and
radon progeny. Radon's daughter products, often known as "progeny,” are several radioactive compounds
that it generates together with alpha particles. Uranium-234, Thorium-230, Radium-226, and Radon-222
are intermediate products in the decay chain that starts with natural Uranium-238 and ends with Lead-206
[3] (Figure 1). Radon is a radioactive gas that is colorless, invisible, odorless, and tasteless and is produced
by the naturally occurring radioactive decay of uranium [4]. Radon is the heaviest noble gas (4.4 gr/cm?®)
and element of group 8A of the periodic table with an atomic number of 86. It is the only radioactive gas
that emits alpha particles and has a half-life of 3.8 days [5]. Regions with uranium-rich soil or rock typically
have very high radon levels.

Thass H—
N Pa-234
ol 3+ Y
N P

Th-230

Figure 1. The image illustrates the main decay chain of Uranium 238.

The International Agency for Research on Cancer (IARC) has categorized radon as a Category 1
carcinogenic to humans [6, 7]. Lung cancer risk is increased by radon progeny inhalation. Data from studies
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of lung cancer mortality among uranium miners and other workers exposed to extremely high levels of
radon progeny served as the initial foundation for the association between the concentration of radon
progeny in the air and the risk of lung cancer [8, 9]. Furthermore, radon is the leading cause of lung cancer
among non-smokers and it ranks as the second most common cause of lung cancer overall [5]. Many lung
cancer fatalities are attributed to radon each year in the US alone, according to estimates. Small radioactive
particles created by the decay of radon gas can be ingested into the lungs, where they can affect lung tissue
and raise the risk of lung cancer, especially in smokers and people with chronic respiratory disorders [8].
The exposure to radon has also been connected to various respiratory medical conditions. Radon and its
decay products can irritate the respiratory tract lining, causing inflammation and potentially aggravating
asthmatic symptoms [9]. Although the evidence is not as strong as it is for lung cancer, there is evidence
that radon exposure may be linked to an increased risk of other cancers, such as leukemia [5].

Decisions about whether more dwelling radon measurements are required in areas of projected development
can be supported by knowledge of a region's potential radon gas concentrations in soil [10]. The purpose
of this study was to create spatial distribution maps of radon gas concentrations in the soil close to a small
town and a prospective uranium mine located in the western flank of the Black Hills uplift, Wyoming, in
order to determine the health risks of the area.

1.1. Study Area

The study was conducted in a 114 km? area which is located near Moorcroft, Crook County, Wyoming,
United States (Figure 2). Based on the K&ppen-Geiger [11] climate classification scheme, Wyoming’s
climate is classified as cold semi-arid where summers are hot and dry and winters tend to have cold and
possibly freezing temperatures. The study area is located on rugged terrain with an average 1200 meters
elevation above sea level. The area is situated in the resourceful Powder River Basin which is located on
the western flanks of the Black Hills. The Powder River Basin is known to be one of the most favorable
basins in the United States for uranium mineralization. In 1952, the first uranium mineral (uraninite) was
detected in the Cretaceous fluvial sandstones of the Inyan Kara Group in Crook County, near the
northeastern flank of the Black Hills. In the late 1970s, Nubeth Joint Venture discovered uranium
mineralization in the Powder River Basin, located 30 km north of the study area. Nowadays, uranium
exploration and mining activities are continuing in the area.

Wyoming |South Déikbfa.} :

]

< Hullet

o _ A RLN
Spearfish - *
. Jea
Sundance
o g e T

| *‘ € RN 2 BLACK HILLS
. £ Mooreraft§ § ,
.-1'.‘-,7 \ i s - - C't&\( '

4

b}
NP R
« 'New!Castle « Custer
% Y o

L R ; 5,

P

3 MSRﬂb neters vy j )
Figure 2. Satellite imagery showing the location of the study area.
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2. GEOLOGIC SETTINGS

Northeastern Wyoming is located in the Powder River Basin, a significant intermontane basin formed
during the Laramide Orogeny in the northeasternmost Rocky Mountains (Figure 3). It makes up the
majority of the surrounding province and, along with a section of the adjacent uplifts (Black Hills and Big
Horns uplifts), covers an area of about 88,000 km?2. The Powder River Basin is an asymmetric, relatively
less deformed, northeasterly trending syncline that is 400 km long and 180 km wide [12]. A thick succession
of Phanerozoic strata, measuring more than 5000 meters thick in the basin axis, overlies the entire
crystalline basement rocks. The Paleozoic shelf carbonates, sandstones, and mudstones that make up this
sequence are relatively thin, rarely eclipsing 700 meters, and are overlain by a very thick succession of
Mesozoic and early Tertiary terrestrial rocks that document the formation, filling, and destruction of the
Western Interior seaway as well as the uplift of the western Cordillera, the development of regional uplifts,
and the formation of the Powder River Basin [12]. Most uranium mineralization occurs as roll-front-type
deposits in the fluvial sandstones of the Upper Cretaceous Fox Hills, and Paleocene Lance formations.
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Figure 3. Geological map of the Powder River Basin and surroundings [13]. The study area is marked by a yellow
star.
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3. METHODS

Field measurements for soil gas radon activity concentrations were conducted over 14 consecutive days
period in March 2014. To ensure that the study area was evenly dispersed throughout, 204 in-situ
measurements of the radon concentration in the soil were conducted. A portable Garmin E-Trex GPS unit
was used to record geographic coordinates. The sampling was conducted over three lithologies found in the
surficial geology of the study area. These are the Late Cretaceous Fox Hills Formation, the Paleocene Lance
Formation, and the Quaternary alluvial sediments. The soil gas radon concentration was measured using a
RAD?7 electronic radon detector manufactured by Durridge Corporation, U.S.A. The state-of-the-art RAD7
detector system has a cylindrical sampling chamber with a capacity of 0.7 liters. Alpha radiation is directly
converted into an electrical signal by its detectors [14]. During this research, a stainless steel soil gas probe
provided by the manufacturer was used. The probe was implanted into the soil, and the air was sucked up
by the hollow tube and eventually into the RAD7. The probe had sampling ports near the tip. The average
depth of the soil was 1.8 meters. The RAD7 has the capacity to determine each particle's energy, allowing
it to identify the different isotopes that are produced when uranium decays [15]. As a result, it can
distinguish between various daughter products and signals from noise. After 5-10 minutes of closed-circuit
air circulation, and the radon was evenly mixed with the air, the resulting alpha activity was measured. The
RAD?7 finally determines the radon soil gas concentration. The Grab protocol software then takes a half-
hour to process all sampling points. For QA/QC assurance, four measurements were taken at each site, and
the mean of the four values was recorded in the database. Later, the radon concentration values were
transferred into a computer for further analysis. The kriging interpolation algorithm on ArcMap 10.7.1
platform was employed to produce a spatial distribution map of the radon concentrations. For input, mean
radon concentration values in kBg/m3 (kilo becquerel/cubic meter) were used. UTM (Universal Transverse
Mercator) Zone 13N coordinate system with NAD (North American Datum) 1927 datum was used for all
geostatistical processes.

4. RESULTS and DISCUSSIONS

A statistical summary of soil gas radon activity concentrations along with sampling depth, CO_, O, and
CH4 was presented in Table 1. The concentrations for radon soil gas ranged from 1.1 kBg/m?® to 371.3
kBg/m? with an average of 53.5 kBg/m?®. Seven very high outliers are present in the data (higher than 150
kBg/md). Six of these outliers are in Quaternary alluviums, and one is in the Paleocene Lance Formation
which consists mainly of fluvial sediments. Figure 4 illustrates soil gas radon activity concentration values
and the number of samples.

Table 1. Statistical summary of the sampling depth, soil gas radon activity concentrations, CO,, O, and CHa.

Sampling Depth Concentration

(m) (KBg/m?) CO2 (%) 02 (%) CHa (ppm)
Mean 1.85 53.5 0.29 19.84 4.05
Median 1.83 43.8 0.20 19.90 1.00
Min. 0.61 1.1 0 16.10 0
Max. 2.21 371.3 1.70 21.50 53.00
Skewness -1.32 2.9 2.37 -0.88 3.66
St. Dev. 0.27 51.2 0.22 0.70 7.12
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According to Eisenbud and Gesell [16] classification, soils with radon concentrations below 10 kBg/m? are
considered low-risk, those with values between 10 and 50 kBg/m? are categorized as normal risk whereas
those with values exceeding 50 kBg/m? are classified as high risk [14, 17]. Based on this classification,
13% of the sampling sites suggested low-radon risk, 47% of the sites indicated a normal risk, and 40% of
the sampling sites showed regions of potentially high risk within the study area.
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Figure 4. Chart illustrating soil gas radon concentrations and the number of samples.

Furthermore, a spatial distribution map was created for the soil gas radon concentrations within the study
area (Figure 5). Based on this map, elevated concentration values appeared to be in the Moorcroft town
center and the southeastern and southwestern portions of the study area. The northern part of the study area,
which is closer to the prospective uranium mine, also shows east-west trending elevated values. The
presence of the high-risk soil gas radon activity concentrations within the study area can be explained by
the presence of the roll front type uranium mineralization in the northern part of the research area. The
varying quantities of in-situ geogenic uranium minerals in Fox Hills and Lance formations are what cause
the variability in natural radioactivity levels at various sampling locations.
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Figure 5. Spatial distribution map showing the soil gas radon concentrations within the study area. Sampling
locations were marked by black dots.
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5. CONCLUSIONS

The local geology and properties of the soil can have a significant impact on the radon concentrations in
soil gas. While radon levels in soil gas may be naturally high in some places, they may be low or nonexistent
in other places. The spatial distribution of radon in soils can be influenced by a variety of geological aspects,
including the presence of uranium-bearing rocks, soil permeability, and groundwater conditions.

A total of 204 radon soil measurements were taken within the study area. Between 1 and 370 kBg/m?, the
study area's soil gas radon concentrations show a significant variation. 40% of the sites indicated a high
risk of radon level. The spatial distribution map for radon concentrations will serve as a useful tool for the
determination of new dwelling sites in the research area and as a guide for future remediation efforts.

In the future, systematic radon surveys and mapping can be conducted in the study area, thus areas with
high soil gas radon concentrations can be located, and suitable mitigation measures can be put in place to
lower radon exposure and protect human health.
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Edirne ilinde Sebze Yetistirilen Alanlarda Tespit Edilen Bazi
Akar (Acari) Tiirleri

Secil KUTLU CELIK ‘' Nihal KILIC

OZET

Bu calismada Edirne ili sebze alanlarinda bulunan baz fitofag ve predator
akar tilirleri tespit edilmistir. 13 farkli bitki tiirlinden 299 adet 6rnek
toplanmistir.  Yapilan surveylerde Tetranychidae familyasindan
Tetranychus urticae Koch. ve Tetranychus cinnabarinus Boisd.,
Eriophyidae familyasindan Aculops lycopersici Massee, Tarsonemidae
familyasindan Tarsonemus confusus Ewing, Onemli predator akar
familyalarsindan biri olan Phytoseiidae’den Phytoseius finitimus Ribaga,
Amblyseius barkeri Hughes, Neoseiulus californicus Mc Gregor, Euseius
finlandicus Oudemans, Acaridae’den Tyrophagus putrescentiae Schrank,
Tydeidae familyasindan Tydeus californicus Banks olmak tizere 10 akar
tiirti belirlenmistir. Predator akar tiirleri arasinda en yaygin tiir Neoseiulus
californicus (% 10.46) olarak belirlenmistir. Zararl akarlardan en yaygin
tiir Tetranychus urticae (%46.96) ise en ¢ok fasulye, domates, patlican ve
kabakta bulunmustur. Domates ve fasulye akarlarin en ¢ok tercih ettigi
konukgu bitkiler olmustur.

Some Mite (Acari) Species Determined in Vegetable Planting
Areas of Edirne Province

ABSTRACT

In this study, some phytophagaus and predatory mite species were
determined from vegetable areas in Edirne Province. 299 samples were
collected belong to 13 different plants species. In surveys from
Tetranychidae family Tetranychus urticae Koch and Tetranychus
cinnabarinus Boisd., from Eriohyiidae family Aculops lycopersici
Massee, from Tarsonemidae family Tarsonemus confusus Ewing, from
one of important predatory mite family Phytoseiidae Phytoseius finitimus
Ribaga, Amblyseius barkeri Hughes, Neoseiulus californicus Mc Gregor,
Euseius finlandicus Oudemans, from Acaridae Tyrophagus putrescentiae
Schrank and from Tydeidae family Tydeus californicus Banks were
identified. Neoseiulus californicus is determined as the most common
predatory mites species (10.46%). Tetranychus urticae is the most
common harmful among harmful species mites species (46.96 %).
Tomatoes and beans were the most preferred host plants for the mites.

1. GIRIS
Tiirkiye; cografi konumu, iiretimi, uygun, verimli ve genis tarim
alanlari, degisik bolgelerin ekolojik farkliliklar1 sayesinde sebze ve
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meyvelerin iyi kosullarda ve kaliteli olarak yetistirildigi nadir iilkelerden biridir. Trakya yakasinda yer alan
Edirne ilinde genel olarak karasal iklim hakim olmasina ragmen yer yer Karadeniz ve Akdeniz iklimi de
goriilebildigi icin pek ¢ok sebze tiiriiniin iiretimi yapilabilmektedir.

Sebze yetistiriciligi ¢ogunlukla sicak iklimlerde yapilir; fakat pek cok sebze zararlisi da yaz aylarinda
aktivite gosterir. Temmuz ve Agustos aylarinda maksimum seviyeye ulagan akarlar bu zararlilardan biridir.
Fitofag akar tiirleri sebzelerin 6zellikle yapraklarindaki 6zsuyunu emerek klorofil miktari, dolayisiyla da
fotosentezi azaltir, yapraklarin renginde 6nce agik renkli noktaciklar, glimiisi renk, ilerleyen asamada da
bronz renk meydana gelir, yapraklar kurur ve dokiiliir, {iriin verimi azalir [1-2]. Diinyada ve iilkemizde
seralarda ve tarlalarda yetistirilen sebzelerde bulunan akarlar ile ilgili pek ¢ok ¢aligma yapilmistir [3-17].

Bu arastirmada Edirne ili sebze alanlarinda bulunan bitki zararlisi olan fitofag akar tiirleri ile fitofag akarlar
ile beslenen avci (faydali) akar tiirleri belirlenmeye g¢alisilmistir. Ayrica akar tiirlerinin sebzelerdeki
konukgular1 ve konukgulardaki dagilimlar1 hakkinda bilgi sahibi olmak amaglanmustir.

2. MATERYAL ve YONTEM

Calismada Edirne ili Merkez ilgede Edirne ilini temsil edecek sekilde sebzelerin en fazla yetistirildigi
Karaagac, Bosnakdy ve Yeniimaret semt ve mevkiilerine arazi ¢ikislari yapilarak buralardaki bulunan sebze
ekim alanlari, bahgeler ve Ortiialtinda yetistirilen sebzelerden 6rnekler alinmistir. Haziran-Ekim aylari
arasinda belirli periyotlarla sebzelerden yaprak ornekleri alinmistir. Orneklemelerin yapildigi sebze
tiirlerinin isimleri ve toplanan 6rnek sayilar1 Tablo 1’de verilmistir.

Konukcu bitki ismi, toplandig1 yer ve tarih gibi bilgilerin yazili oldugu etiketli kagit torbalara konulan
ornekler araziden laboratuvara getirilip buzdolabinda +4 derecede korunmustur. Ornekler stereo mikroskop
altinda hizl bir sekilde incelenerek goriilen akarlar 00 nolu fir¢a yardimiyla i¢cinde %70’lik alkol bulunan
kiiclik tiiplere aktarilmis ve Diizglines [18]’e gOre preparatlart yapilmistir. Preparatlarin yapimi
tamamlandiktan sonra inkiibatrde kurumaya birakilmis ve teshis icin hazir hale gelmistir. Calismada
saptanan akar tiirlerinin teshislerinde [19-30]’den yararlaniimigtir.

Tablo 1. Edirne ili sebze alanlarindan 6rnek toplanan sebze tiirlerinin isimleri ve 6rnek sayilari (adet).

Konukcu Bitkinin
Familyasi Latince ad1 Tiirkce ad1 Ornek sayisi (adet)
Brassicaceaee Brassica oleracea L. Kara lahana 5
Cucurbita moschata Duch. Balkabag1 5
Cucumis sativus L. Hiyar 13
Cucurbitaceae Cucurbita pepo L. Kabak 34
Cucumis melo L. Kavun 8
Citrullus lanatus (Thunb.) Karpuz 14
Phaseolus vulgaris L. Fasulye 8
Fabaceae Vigna unguiculata L. Bamya 34
Phaseolus vulgaris L. Barbunya 12
Malvaceae Abelmoscus esculentus L. Bamya 10
Capsicum annum L. Biber 62
Solanaceae Lycopersicon esculentum (L) Domates 45
Solanum melongena L. Patlican 41
Toplam 299
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3. BULGULAR ve TARTISMA

Arastirmada Edirne ili Merkez il¢enin 3 farkli bolgesindeki sebze yetistirilen alanlardan 14 sebze tiiriine ait
toplam 299 adet 6rnek toplanmaistir.

Yapilan 6rneklemede Tetranychidae familyasina ait 2 tiir, Eriophyidae familyasina ait 1 tiir, Tarsonemidae
familyasina ait 1 tiir, Phytoseiidae familyasina ait 4 tiir, Acaridae familyasma ait 1 tiir, Tydeiidae
familyasina ait 1 tiir olmak iizere toplam 10 tiir belirlenmis olup, toplanan 299 adet 6rnegin 167 tanesinin
(%56°s1) akarla bulagik oldugu tespit edilmistir. Arastirma sonuglarina gore zararli akar tiirlerinden
Tetranychus urticae Koch, Tetranychus cinnabarinus Boisd., Aculops lycopersici Massee ve Tarsonemus
confusus Ewing tiir tespit edilmistir (Tablo 2).

Predator akarlar bakimindan Phytoseiidae familyasindan Phytoseius finitimus Ribaga, Amblyseius barkeri
Hughes, Euseius finlandicus Oudemans ve Neoseiulus californicus McGregor en goze carpan tiirler
olmustur.

Tablo 2. Edirne ili sebze alanlarinda tespit edilen akar tiirleri.

Takim Alttakim Familya Tiirler

Tetranychus urticae Koch

Tetranychidae . . .
yent Tetranychus cinnabarinus Boisd

Acariformes Prostigmata Eriophyiidae Aculops lycopersici Massee
Tarsonomeidae Tarsonemus confusus Ewing
Phytoseius finitimus Ribaga
Parasitiformes Mesostigmata Phytoseiidae Ambl_ysel_us barl_<er| Hughes
Euseius finlandicus Oudemans
Neoseiulus californicus McGregor
Astigmata Acaridae Tyrophagus putrescentiae Schrank

Acariformes . .. o
Prostigmata Tydeiidae Tydeus californicus Banks

Aragtirma sirasinda, zararli akar tiirlerinden Tetranychidae familyasindan T. urticae, toplam 193 birey ve
%46.96 ’lik bulunus orant ile en yaygin goriilen akar tiirli olmustur (Tablo 3) (Sekil 1).

3,65; 4%
1,95;2% 2,43;2%

4,87;5%

= T wrticae

1,46;2%
2,19;2%
4,62;5%

= T. cinnabarinus

= 4. lvcopersici
T. confusus

46,96; 47%

= T. putrescentiae

= P. finitimus

= 4. barkeri

= E. finlandicus

= N. californicus

= T. californicus

Sekil 1. Edirne ili sebze alanlarinda tespit edilen akarlarin bulunus oranlari (%)
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Tablo 3. Edirne ili sebze alanlarinda saptanan akar tiirlerinin konukgu bitkilere gore dagilimi ve bulunus
oranlar1 (%).

T.u* T.c Al Ta.c pP.f A.b E.f N.c T.p T.ca Toplam

Fasulye 51913 169 - - 19 39 39 79 - - 8199148
Bériilce 169 89143 - - 29 29 19 19 19 - 329143
Barbunya 5% 8% - - - - - 29 - - 159
Bamya 19 5218 - - - - - - - - 6213
Biber - - - - - - - - - - -
Domates 349 119 199 99 - 29 79 99 20 89 1019
Patlican 309 119 - - 129 - 29 49 - - 599
Hiyar - 39 - - - - - - - 19Q 49
Kabak 189 179 - - 49Q 19 - 149 - 19 55Q
Karalahana 49 - - - - - - - 39 - 79
Bal kabag 32 29 - - - - - - - - 59
Karpuz 169 50 - - 19 - 29 69 - - 309
Kavun 149 - - - - - - - - - 149

TOPLAM 192913 86923 199 99 209 89 159 439 69 109 408233

% 46.96 2141 4.62 2.19 4.87 1.95 3.65 10.46 146  2.43

*T.u: T.urticae; T.c: T.cinnabarinus; A.c: A.lycopersici; Ta: T.confusus; P.f: P.finitimus, E.u: E.finlandicus;
N.c: N.californicus; T.p: T.putrescentiae; Ty.c: T.californicus

T. urticae’yi 88 birey ve %21.41 bulunus oraniyla T. cinnabarinus ve birey ve %10.46 bulunus orani ile
avci akar N. californicus takip etmektedir. Diger aver tir P. finimitus 20 birey ile % 4.87 bulunus oranina
sahiptir. Domates bitkisinde tespit edilen Eriophyidae familyasindan A. lycopersici 19 birey ile % 4.62
bulunus oranina sahip olmustur (Tablo 3).

Yapilan taramalarda 73 adedi zararli akar bireyi olmak iizere toplam 101 birey domateste; 14 bireyi faydal
ve notr, 68 bireyi zararli olmak {izere toplam 82 birey fasulyede tespit edilmistir (Sekil 2). Domates ve
fasulyeyi, patlican ve kabak takip etmistir. Balkabag1 ve bamyada yararli ve nétr tiirlere rastlanmazken
biber teshis edilen tiir olmamistir. Domates bitkisi hem faydali hem zararl akar tiirlerinin en ¢ok bulundugu
konukc¢u olmustur.

Calismada akar tiirlerine ait 411 birey tespit edilmis olup, bunun 29 adedi faydali ve nétr, 90 adedi zararh
olmak iizere toplam 119 adedi domateste; 20 adedi faydali ve notr, 82 adedi zararli olmak iizere toplam 102
adedi fasulyede tespit edilmistir. Balkabagi ve bamyada yararli ve nétr tiirlere rastlanmazken bu sebzelerde
sirasiyla 6 ve 11 adet zararl tiir tespit edilmistir. Biber ve misirda ise akar bulunamamistir. Faydali ve notr
akarlarin da zararl akar tiirlerinin de en fazla tespit edildigi sebze domates olmustur.

Arastirma sonucunda sebzelerde en fazla Tetranychus tiirleri tespit edilmistir. T. urticae en ¢ok fasulye
bitkisinde goriilmiistiir (52 9; 1 &). Bunu sirasiyla domates (34 Q) ve patlican (30 Q) takip etmistir.
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Sekil 2. Edirne ilinde sebzelerde tespit edilen akar populasyon sayilari (adet).

3.1. Familya: Tetranychidae

Tetranychus urticae Koch, 1836

Edirne ilindeki sebze yetistirilen alanlarda en yiiksek popiilasyonu fasulye, domates ve patlican bitkilerinde
olmak tizere, 13 farkli sebze tiiriinde toplam 192 adet disi ve 1 adet erkek T. urticae bireyi tespit edilmistir.
Surveyde tiim tiirlerin popiilasyonu dikkate alindiginda T. urticae %46.96 orani ile en sik goriilen akar tiirii
olarak belirlenmistir (Tablo 3).

Konukgulari ve dagilimi: T. urticae diinyanin hemen her yerinde bulunur, bu iilkelerden bazilari; Almanya
Afganistan, Cezayir, Arjantin, Avustralya, Belgika, Brezilya, Bulgaristan, Kanada, Danimarka, Finlandiya,
ftalya, Iran Irak, Fransa, Almanya, Pakistan, Portekiz, Meksika, Yeni Zelanda, Kore, Macaristan, Morocco,
Amerika, Srilanka, Suriye, Liibnan, Litvanya, Norveg, Ispanya, Yugoslavya, Yemen, Hollanda, Tiirkiye
olarak bildirilmektedir [21, 31]. T. urticae basta Ege, Akdeniz, Trakya ve Orta Anadolu olmak iizere
tilkemizin hemen her yerinde pek ¢cok konukgu bitki iizerinde yaygin ve zararl bir tiirdiir.

T. urticae’nin lilkemizin hemen hemen tiim bolgelerinde hiyar, domates, biber, patlican, kabak, biber,
fasulye, boriilce, bamya, havug, misir, pirasa, sogan, marul, turp, kavun, karpuz gibi sebzelerde ve pek
cogunda da ana zararh olarak tespit edilmistir [6,7,14, 32-35]. Bu polifag tiir ayrica Trakya’da meyve
bahgeleri, siis bitkileri, ¢alimsi bitkiler, orman agaglarinda da yaygin ve zararlidir [36-39].

Tetranychus cinnabarinus Boisd., 1956

Bu ¢alismada Edirne ilinde sebze yetistirilen alanlarda 86’s1 disi, 2’si erkek olmak tizere toplam 88 adet T.
cinnabarinus bireyi tespit edilmistir. Ttim tiirler arasindaki bulunus oran1 %21.41 ile ikinci en yaygin tiir
olmustur.
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Konukgular1 ve dagilimi: Polifag bir zararhidir. Pamuk, pek ¢ok sebze (marul, domates, patlican, nane,
biber, hiyar gibi) ¢ilek, bogiirtlen gibi meyveler, menekse, mine ¢igegi gibi siis bitkileri ve bazi yabanci
otlar konukgulari arasindadir [21].

Adana, Antalya ve Kahramanmaras’da fasulye ekilis alanlarinda [7], izmir’de 6rtii alt1 hiyar seralarinda
[6], Antalya Kumluca seralarinda domates, biber, patlican, hiyar, kavun, kabak, fasulyede [12], Sanliurfa’da
marul, domates, patlican, nanede [33], Antalya’da patlicanda tespit edilmistir [5].

3.2. Familya: Eriophyidae

Eriophyoid akarlar 0.1-0.3 mm boyunda olup kurtcuk veya ig seklinde halkali viicutlari, iki ¢ift bacaklart,
proximal pozisyonlu genitalialar1 ve 6zellesmis agiz styletleri ile bagli bulunduklar1 Acarina takiminda
diger gruplardan belirgin sekilde ayrilirlar. Bu farklilasmaya ragmen diger akarlarda oldugu gibi eriophyoid
akarlarda da viicut {i¢ boliimden olusur [21]. Gnathosoma asag1 dogru egik olup styletleri igne benzeri
yapida, diiz veya egik durumdadir. Gnathosoma biiyiikliigii ve tizerindeki setalar taksonomik bakimdan
onemlidir [40]. Podosoma; tiggen seklinde olup viicudun anterodorsal kismini orter.

Aculops lycopersici Massae, 1937
Calismada domates yapraklarinda A. lycopersici tespit edilmistir

Konukgulari ve Yayilisi: Basta domates olmak {izere 6zellikle Solanaceae familyasina ait patates, patlican,
tiitlin, biberde ve ayrica yabanci otlardan kopek iiziimii, seytan elmasi, tarla sarmasigi ile siis bitkilerinden
giindiiz sefasinda tespit edilmistir [6, 9, 12, 21, 34, 41, 42]. Bu konukcular haricinde kus liziimii, tiitiin, tath
ve kirmizi biber, patates, bogiirtlen, tarla sarmagsigi, Petunia spp. gibi birgok konukgusu vardir. (Baker et
al. 1996;). Ordu ve Samsun illerinde pepino tizerinde A. lycopersici nin tespit edilmesi ilk kayittir [13].

3.3. Familya: Tarsonemidae

Tarsonemidae familyasi liyelerinin segmentlere ayrilmis idiosomalari1, gnathosomanin arkasina yerlesmis
1 c¢ift pseudostigmatik organlar1 vardir. Bu organdaki trakeal agikliklar disilerde farklidir ve
propodosomanin 6n kenar boslugunda sirt boyunca yer alir. Familyanin bu tanis1 disi ve erkek karakterlere
dayalidir. Disiler i¢in bacaklarinin 4. ¢ifti taksonomide c¢ok Onemlidir, bu bacaklar ¢ok incedir, 4
segmentlidir, ununda uzun ve basit seta vardir. Erkeklerde bacaklarin son c¢ifti zayiftir; genellikle 4
segmentlidir ve sonunda basit bir tirnak bulunur[43].

Tarsonemus confusus Ewing, 1939
Sadece domateslerden elde edilen drneklerde 9 adet T. confusus disi bireyi tespit edilmistir.

Konukgular1 ve Yayilisi: T. confusus, Antalya ve Edirne’de ates dikeni iizerinde tespit edilmis, bunun
yaninda bu tiiriin icinde siis ve sera bitkilerin de bulundugu 50’ ye yakin kiiltiir bitkisi iizerinde zarar
olusturdugu ve diinya ¢apinda yaygin bir tiir oldugunu belirtilmistir [43]. Bu tiir Tokat’ta domates, hiyar,
biber ekim alanlarinda ve buralarda bulunan yabanci otlardan tarla sarmasigi, serce dili, domuz pitragi ve
tilki kuyrugu tizerinde [34], Ankara, Bursa ve Yalova domates yetistirme alanlarinda % 0.32 oraninda [14],
Ordu’da domates ve patlicanda tespit edilmistir [35].
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3.4. Familya: Phytoseiidae

Phytoseiidae familyas: tiirleri Tetranychid, eriophid gibi 6nemli fitofag akarlarla beslenen avc tiirlerdir.
Ulkemizde Phytoseiid akarlar ile yapilan pek ¢ok arastirma bulunmaktadir [3,4, 41, 44-50].
Phytoseius finitimus Ribaga, 1904

Edirne’de fasulye, boriilce, patlican, kabak ve karpuzda toplam 20 adet P. finitimus disi bireyi saptanmis,
en fazla yogunluk 10 birey ile patlicanda tespit edilmistir. Bu avci tiiriin bulunus oran1 %4.87 olarak
hesaplanmustir.

Konukgular1 ve Yayilisi: Bu tiir Amerika, Kuzey ve Orta Avrupa ile Akdeniz iilkelerinde yaygindir [41,
44, 51]. Antalya ili sebze alanlarinda [3], Ankara, Bursa ve Yalova illerinde domateslerde % 0.24 oraninda
[14]. Ordu’da biber, hiyar, fasulye, patlican, domateste [35], Tekirdag’da badem agaclari [38], siis elmasi,
disbudak, akcaagac, puro agaci, asma, kivi, acem borusu, ates dikeni, giilde [39], erik, visne ve kiraz
agaclarinda [37], Diyarbakir’da 26 konukcuda [52] tespit edilen olduk¢a yaygin faydali akar tiirtidiir.

Euseius finlandicus, Oudemans 1915
Domates, patlican, fasulye, karpuz ve boriilcede % 3.65 bulunus orani ile tespit edilmistir.

Konukgular1 ve Yayilisi: Bu aver tiir Trakya’da ceviz, elma, siis elmasi, kiraz, visne, incir, erik, seftali,
asmada saptanmistir [49]. E. finlandicus Ankara, Bursa ve Yalova domates yetistirilen alanlarinda tiim
illerde toplam % 0.48 oraninda [14], Ordu’da fasulye, biber ve hiyarda [35], Tekirdag’da erik, visne, kiraz
[37], badem [38] ve pek ¢ok orman agaci, calimst bitki ve siis bitkilerinde [39] tespit edilmistir. Akarin
Adana, Amasya, Ankara, Antalya, Bitlis, Burdur, Bursa, Edirne, Erzincan, Erzurum, Glimiishane, Hakkari,
“I¢el, Isparta, Istanbul, Izmir, Kastamonu, Kirklareli, Konya, Manisa, Nevsehir, Nigde, Tokat, Van Golii
cevresi, Yalova illerinde de bulundugu bildirilmektedir [53].

Diger baz1 konukgulari; Aesculus hippocastanum, Citrus spp., Convolvulus sp., Cornus mas, C.avellana,
Eriobotrya japonica, Ficus carica, Fragaria vesca, J. regia, M. communis, Malus floribunda, Morus alba,
Prunus armeniaca, Prunus avium, Prunus cerasus, P. domestica, P.persica, Tilia platyphyllos, Ulmus
campestris, Viburnum opulus, Vitis vinifera [45,49,50,54] dur.

Amblyseius barkeri Hughes, 1948
Calismada fasulye, kabak, boriilce ve domateste A. barkeri bireyleri tespit edilmistir.

Konukgular1 ve Yayilisi: Bu aver tiiriin Ingiltere, tiim Avrupa, Amerika ve Israil'de yaygin oldugu
Tetranychidae ve Tyroglyphidae tiirleriyle beslendigi bilinmektedir [55].

Tirkiye’de varligr ilk kez Adana'da ¢ilek Orneklerinde kayit edilmistir [56]. Bursa, Yalova, Nigde,
Nevsehir, Tokat, Amasya, Giimiishane, Kastamonu, Ankara illerini kapsayan surveylerde sebze ve
meyveler tlizerinde A. barkeri tespit edilmistir [45-47]. Antalya’da sebze alanlarinda [3], Antalya’nin
Merkez il¢esinde patlican [54], Sanliurfa’da agik alanda yetistirilen sebzelerde A. barkeri saptanmistir [33].

Neoseiulus californicus Mc Gregor, 1954

Edirne ilinde sebze yetistirilen alanlarda en ¢ok kabakta olmak iizere 43 adet N. californicus disi bireyi
tespit edilmistir. Bu faydali akar tiirline %10.46 oraninda rastlanmistir. Aver akarlarin oraninin yiiksek
olmas1 dogal denge bakimindan olduk¢a 6nemlidir.
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Konukgular1 ve Yayilisi: Bu avei akarin dogal populasyonlart Arjantin, Kaliforniya, Sili, Florida, Japonya,
Gliney Afrika, Teksas, giiney Avrupa'nin bazi bolgelerinde ve tiim Akdeniz'in sinir1 boyunca, avokado,
turung ve meyve agaglari, misir, liziim, ¢ilek, ¢esitli sebzeler ve siis bitkileri tizerinde bulunur [2].

N. californicus, Aculus schlechtendali, Oligonychus pratensis, O. persiceae, O. ilicis, Panonychus ulmi gibi
onemli zararli tiirler ile beslenen en etkili phytoseiid tiirlerinden biridir. Ozellikle T. urticae ile
beslendiginde yasam siireleri, net {ireme giigleri ve iireme kabiliyetlerinin daha yiiksek oldugu
belirlenmistir [57]. Ulkemizde ilk olarak Aydin Kusadasi ilgesinde kayit edilmis olup [58], Ankara, Bursa
ve Yalova’da domates yetistirilen alanlarda [14], Canakkale’de patlican ve domateste [17] tespit edilmistir.

3.5. Familya: Acaridae

Acaridae familyasmin 400°den fazla tiirii bulunmaktadir. Idiosoma iizerinde sejugal hat bulunur, dorsal
killar ok gibi diizdiir, genital aciklik coxa IV’{in arasinda ya da arkasindadir [55].

Tyrophagus putrescentiae Schrank, 1781
Domates, kara lahana ve boriilcede toplam 6 adet disi bireyi tespit edilmistir.

Konukgulari ve Yayilisi: Edirne’de T. putrescentiae genellikle “’kiif akar1” olarak bilinir, asil olarak depo
zararlis1 olmakla birlikte yesil bitkilerde de goriilebilir, 6zellikle asir1 nemli yerlerde bulunur, mantar
yetistirilen alanlar, samanliklar gibi ¢ok genis ve farkli habitata yayilmistir ve genellikle bocek veya diger
akar zararlar1 sonrasinda ortaya ¢iktiklarini saptanmistir [55].

Ulkemizde bu tiir i¢in ilk kayit kuru incirlerde yapilmustir, ayrica bu zararli tiir Izmir, Malatya, Elaz1g ve
Tekirdag illerinde un ve undan mamiil iirlinlerde ve kuru meyvelerde saptanmstir [59, 60, 61], Tekirdag’da
thlamur, disbudak asma, giilde [39] tespit edilmistir.

3.6. Familya: Tydeidae

Cok Kkiiciik akarlardir. Erginlerin viicutlar1 hafifce sklerotize olabilir, palpuslart dort segmentlidir.

Cheliceranin hareketli kism1 igne benzeri ve serbesttir, dorsal viicut killar1 basit, ¢iplak, tiiylii ya da testere
seklinde olabilir [21].

Tydeid'ler ¢ok genis bir konukgu dizisine sahip, diinyanin her yerine yayilmis sik¢a karsilasilan tiirlerdir.
Toprakta, organik artiklarda, ¢im alanlarinda, liken, mantar, alg, agaglarin kabuk, yaprak ve meyvelerinde,
saman, ot balyalar1, depolanan tiriinlerde goriilebilmekte, bocek ya da diger akar tiirlerinde predator olarak
yasayanlar1 veya funguslar iizerinde ve ¢iiriiyen organik artiklarda beslenen tiirleri bulunmaktadir [2, 21].

Tydeus californicus Banks, 1904

Sebzelerde yapilan surveyde 8 adedi domateste olmak tizere 10 adet T. californicus disi bireyi tespit
edilmistir. Konukgular1 ve Yayilisi: T.californicus, ilkemizde biberde [35], baz1 sert ve yumusak ¢ekirdekli
meyve agaglarinda [37,38,62], akcaagac, disbudak ve acemborusunda [39] tespit edilmistir.

Edirne ili merkezinde sebzelerin bulundugu seralar ve bahgelerde yapilan taramalarda 13 sebze tiirii
incelenmistir. Bu sebzelerden 299 adet 6rnek toplanmis ve bunlardan 167 adetinin , % 55,86’sinin akarlarla
bulasik oldugu goriilmiistiir. Arastirmada tiir teshisi yapilamayan sadece cins diizeyinde tanimlanan akarlar
sonuclara dahil edilmemis, sadece kesin tiir teshisi yapilabilenler verilmistir.
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Calismada Tetranychidae, Eriophyidae ve Tarsonemidae familyalarina ait zararl tiirler; Phytoseiidae,
Acaridae ve Tydeidae familyallarina ait ise faydali ve nétr tiirler tespit edilmistir. En fazla bulunan zararlh
akar 193 adet ve %46.96 bulunus orani ile Tetranychidae familyasina bagli T. urticae; en fazla bulunan
predator akar ise 43 birey ve %10.46 bulunus orani ile Phytoseiidae familyasina bagli N. californicus
olmustur. Bu caligmada tiirlere ait olarak toplam 411 adet birey tespit edilmistir. Bu bireylerin sadece 3
adeti erkektir ve tespit edilen diger bireyler disidir. 14 sebze tiirii iizerindeki akar dagilim1 ve yogunluklari
incelendiginde, akarlarin en ¢ok tercih ettigi konukgularin sirastyla domates ve fasulye oldugu saptanmustir.

Bu c¢alisma ile Edirne ilindeki sebzeler iizerinde bulunan zararli ve faydali akar faunasi tespit edilmis olup
hangi sebzelerde hangi akar tiirlerinin bulundugu saptanmistir. Sebzelerde zararli olan akarlarin ekonomik
Ooneme sahip iirlinlerde zarar yapmasi, bitkiler {izerinde dogrudan beslenebilmeleri, ayrica viriis vektorii de
olabilmeleri nedeniyle sebze zararlilar1 olarak ¢ok onemlidir.

Sebzelerde tespit edilen predator akarlarin azimsanmayacak orandaki varliklar1 da dikkat ¢ekicidir. Fazla
kimyasal kullanim1 hem bitkilerde fitotoksik etki yaratmasi, hem de predator akarlarin populasyonlarinda
azalmaya ya da tamamen yok olmasi sebebiyle fazla tercih edilmemelidir. Predator akar salinimlart siklikla
yapilarak hem zararli populasyon baski altina alinabilir hem de dogal denge korunmus olur. Her ne kadar
kitle iiretim ve etkinlik calismalar1 yapilsa da ililkemizde bu konuda fazla ilerleme saglanamamustir.
Biyolojik miicadelede kullanilacak predatorler ¢ogunlukla yurt disindan getirtildigi i¢in miicadele
masraflar1 ylikselmektedir. Boyle bir durum ile karsilasan {iretici ise uygulamasi daha kolay ve ucuz olan
kimyasal miicadeleyi biyolojik miicadeleye tercih etmektedir. Ulkemiz {ireticisinin predatdr akar
kullanimini tercih etmesini saglamak icin avcr akarlarin ticari tiretimi yapilarak kolayca temin edilmeleri
saglanmali ve bu konuda iireticiler bilgilendirilmeli ve tesvik edilmelidir.

Finansman:

Yazarlar bu ¢alismanin arastirilmasi, yazarligi veya yaymlanmasi i¢in herhangi bir maddi destek
almamistir

Cikar Catismasi/Ortak Cikar Beyani:

Yazarlar tarafindan herhangi bir ¢ikar catismasi veya ortak ¢ikar beyan edilmemistir.
Yazarlarin Katkisi

Her iki yazar da esit oranda katkida bulunmustur.

Etik Kurul Onayt

Bu ¢aligma etik kurul izni veya herhangi bir 6zel izin gerektirmez.

Arastirma ve Yayin Etigi Bildirgesi:

Yazarlar, makalenin tiim siire¢lerinde Environmental Toxicology and Ecology Dergisinin bilimsel, etik ve
alint1 kurallarina uyduklarini ve toplanan veriler {izerinde herhangi bir tahrifat yapmadiklarimi beyan
ederler. Ayrica karsilasilabilecek etik ihlallerden Environmental Toxicology and Ecology ve yaymn
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kurulunun hi¢bir sorumlulugu olmadigini ve bu ¢alismanin Environmental Toxicology and Ecology disinda
herhangi bir akademik yayin ortaminda degerlendirilmedigini beyan ederler.
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