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Goksu Delta, located on Turkey's Mediterranean coast, is one of the most
important wetlands in the world where agricultural activities are
suspanied intensively. The use of pesticides during agricultural production
in the Delta is restricted or prohibited. In this study, a total of 200 water
samples from forty wells were collected seasonally to determine the degree
of groundwater affected by pesticides from 2006 to 2008. The
concentration of lindane and metabolites (1,2,3, Trichlorobenzene; 1,2,4,
Trichlorobenzene), endosulfan isomers (alpha and beta endosulfan), aldrin,
dieldrin, endrin aldehyde residues were investigated in this wells.
According to the results, the maximum residue concentrations of
organochlorine pesticides were determined as 1,2,4 Trichlorobenzene
(259,700 ng L-1) and aldrin (41,641 ng L-1 ) at the first sampling
representing the months of spring. The values determined in water samples
were evaluated within the scope of Dangerous Substances Directive-Water
(76/464/EU) and aldrin (10 ng L-1) was found on the environmental
quality standards, especially.

OZET

Anahtar Kelimeler:
Goksu Delta,
Kuyu suyu,
Gaz kromatografisi,
Organoklorlu pestisit

Goksu Deltasi, Tiirkiye’nin Akdeniz kiyilarinda yer alan, tarimsal
faaliyetlerin yogun olarak stirdiiriildiigii Diinya’daki oOnemli sulak
alanlardan biridir. Deltada yapilan tarimsal {iretim sirasinda pestisitlerin
kullanim1 yasaklanmis veya smirlandirilmistir. Bu c¢aligmada; yeralti
sularinin pestisitlerden etkilenme derecesini tespit edebilmek icin tarimsal
arazi yakininda belirlenen 40 kuyudan 2006-2008 yillar1 arasinda
mevsimsel olarak toplam 200 6rnek toplanmistir. Bu kuyularda, lindan ve
metabolitleri  (1,2,3, Triklorobenzen; 1,2,4, Triklorobenzen), alfa
endosiilfan, beta endosiilfan, aldrin, dieldrin ve endrin aldehit gibi organik
klorlu pestisit kalint1 derigimi arastirilmistir. Caligma sonunda, en yiiksek
pestisit kalint1 derisimleri 1,2,4 Triklorobenzen igin 259,700 ng L-1 ve
aldrin i¢in 41,641 ng L-1 olarak ilkbahar aylarim1 temsil eden birinci
orneklemelerde saptanmistir. Su numunelerinde saptanan degerler,
Tehlikeli Maddelerin Su ve Cevresinde Neden Oldugu Kirliligin Kontrolii
Yonetmeligi (76/464/AB) kapsaminda degerlendirilmis ve 6zellikle aldrin
(10 ng L-1) gevresel kalite standartlarinin iizerinde bulunmugtur.
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1. Giris

Pestisitler, cesitli tarim {riinlerinin iretimi, taginimi, depolanmasi ve tiiketimi sirasinda besin
degerini diigliren veya zarar veren bocek, kemiriciler, yabani ot, mantar vb.’nin etkilerinin azaltilmasi
amaci ile kullanilan kimyasal maddelerdir (Matsumara, 1985). Organoklorlu pestisitler, aromatik veya
alifatik hidrokarbonlarin yapilarina klor baglanmasiyla elde edilen bilesiklerdir. Kimyasal yapilarina gore;
Hekzaklorobenzen (lindan vb.), klorlu siklodien (aldrin, dieldrin, endrin, klordan, heptaklor ve endosiilfan),
diklorodifeniletan (DDT ve metabolitleri, metoksiklor, dikofol ve klorobenzilat) olarak
siniflandirilmaktadir (Klaassen, 2001; Weber, 2008; Bulut ve ark., 2011).Tarimsal {iretimde sik kullanilan
organik klorlu pestisitler cevrede bulunan en 6nemli organik kirleticilerden biridir. Organoklorlu pestisitler,
suda ¢oziinmezler ve buharlagsmazlar. Bu yiizden toprakta kaliciliklar1 uzun siirelidir (Kansu, 1994). Buna
karsilik, yagda ¢ok hizli ¢oziiniirler ve kolay bozunmadiklari i¢in de yag dokusunda birikerek canli
organizmalara zarar verebilirler. (Darko ve Acquaah, 2007; Li ve ark, 2014). Yapilan ¢aligmalarda; DDT
vb. baz1 organoklorlu pestisitlerin, 1970’1li yillardan itibaren canli ve insanlar iizerinde kanserojen, sinir
sistemini etkileyici ve hatta mutasyon olusturucu etkilere sahip oldugu tespit edilmistir. Bu sebep ile
Avrupa tllkelerinin ¢ogunda kullanimlari, satiglari kisitlanmis veya yasaklanmistir (Bakan ve Ariman,
2004; Tadevosyan ve ark, 2007; Kaushik ve ark, 2011).

Diinya’da, toplam 30000 pestisit tiiri mevcut olup, bunun 2600’3 yogun bir sekilde
kullanilmaktadir. Kullanilan pestisitlerin tiiketimi yillik 3 milyon ton civarindadir. Sadece % 3’{iniin insan
sagligina etkileri incelenmigtir. FAO-ILO, (2009) tarimsal ilaglarin yogun kullanimi nedeni ile her sene
40.000 den fazla insanin dliimiine sebep oldugunu raporlamistir. Kullanilan pestisitlerin % 55’inin Kuzey
Amerika ve Bat1 Avrupa’da tiiketildigi, Avrupa Birligi (AB)’nde ise en yliksek Hollanda’da 10 kg ha-1
pestisit tiiketimi yapildigr belirtilmistir (Kizilaslan ve Yasa, 2011). Tiirkiye’de pestisit kullanimi yillik
30.000-35.000 ton arasinda degismektedir (Zeren ve Erem, 2000). Pestisit tiiketimi genelde bolgesel olarak
agirhik kazanmakta, ozellikle polikiltir tarimin yapildigi alanlarda yogunlagmaktadir. Tarim ilacinin
kullanim bélgeler bazinda siralandiginda % 27 Akdeniz, %18 Marmara ve I¢ Anadolu, %17 Ege, %14
Giiney Dogu Anadolu, % 5 Karadeniz ve %1 Dogu Anadolu’dur. Yillik hektar basina 400-700 g pestisit
tiiketilmektedir (Durmusoglu ve ark, 2010; Kizilaslan ve Yasa, 2011). Tarimsal faaliyetler, Akdeniz
Bolgesi’nde, Adana, Mersin ve Antalya olmak {izere 3 ilde yogunlagsmaktadir (Zeren ve Erem, 2000).
Tiirkiye’de pestisit kullanim orani incelendiginde; Adana’da % 10, Mersin’de ise bu oranin % 16’a
ulastig1 goriilmektedir (Mersin i1 Gida Tarim ve Hayvancilik Miidiirliigii, 2000). Tarmm ilaglar tiiketim
miktar1 incelendiginde, % 47’sini insektisitler (bdcek dldiiriiciiler), % 24 “iinii herbisitler (ot dldiiriiciiler),
% 16’1 fungisitler (fungus oldiriiciiler) ve % 13’ {inii de diger gruplar olusturmaktadir (Delen ve ark,
2005; Turabi, 2007).

1.1. Pestisitlerin ¢cevresel etkileri

Uzun yillardir bilingsizce kullanilan tarimsal ilaglar dogal dengenin bozulmasina, zararlilarin
zamanla pestisitlere karsi direng kazanmasina, besinlerde kalint1 birakmasina ve ekosistemin kirlenmesine
neden olmustur. Ciinkii bu kimyasallar, alici ortama toprak, su ve hava yolu ile karigsmakta, zor
parcalandiklar1 ve biyolojik olarak birikim gosterdikleri i¢in ¢evrede uzun siire aktif kalabilmektedir.
Pestisitlerin uygulandigi ortamda davranmiglarim1 etkileyen birbirleri ile iligkili olan 4 ana faktor
bulunmaktadir. Bunlar; pestisitin ve topragin 6zellikleri, yore kosullar1 ve uygulama sekilleridir (Edwards,
1976). Bu maddeler, uygulama alanindan itibaren mobilize olmaktadir. Bunun sonucunda, bitki tarafindan
alinabilir, atmosfere buharlasabilir, siiriiklenebilirler. Atmosfere riizgarin etkisiyle tagmnan pestisitler,
partikiillere yapisarak ve yagmurla yilizey sularina tasinmaktadir. Ayrica, pestisitler toprak parcaciklarina
da yapisarak sulama veya yagmur suyunda eriyebilir ve yeralti sularina kadar ulasabilir. Bu durum
yikanma ylizey suyunun hareketinin aksine suyun toprakta dikey hareketinden kaynaklanmaktadir. Yapilan
bir ¢aligmada, Antartika’da pestisit kalintilarina rastlanilmig ve bu durum tarimsal kimyasallarin hedef
olmayan alanlarada tagmabildigini gostermistir (Goldberg, 1976; Raymond ve Derek, 1992).

Edwars (1976)’a gore sucul ekosistemlerde pestisitlerin birikim hiz1 karasal ekosistemlerden daha
yiiksektir. Ozellikle tarimsal sistemlerden akiferlere sizan pestisitlerin biiyiik bir kism1 daha uzun siire su
sistemlerinde etkinligini korumaktadir. Sucul ekosistemlerin temel besin kaynagini olusturan planktonik
organizmalarin pestisit kalintilarina maruz kalmalarina bagli olarak besin zinciri yolu ile toplu 6liimler
meydana getirdigi, 6zellikle insektisitlerin kullanimimin hedef organizmalar yaninda toplu kus, memeli ve
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balik 6liimlerine de neden oldugu rapor edilmistir (Coppage, 1971; Hill ve Fleming, 1982). Endosiilfan gibi
bazi pestisitlerin gelismekte olan fetiisiin ireme ve bagisiklik sistemlerine de zarar verdigi tespit edilmistir
(Dokmeci, 1994; Ren ve ark, 2011). Ayrica, sucul ekosistemde bentik sediman tarafindan baglanan
pestisitler, stabil hale geldiginden organizmalar {izerinde birikim oranini arttirmaktadir. Yapilan cesitli
arastirmalarda, sucul ekosisteme topragin yikanmasi yoluyla onemli Olgiilerde giris yapan pestisitlerin
ozellikle baliklarda birikime ugradigi belirtilmistir. (Radhiah ve Rad, 1990; Vural, 2005; Jiang ve ark,
2009; Marrucci ve ark, 2013; Yu ve ark, 2013). Bu yiizden, dogada yikimi uzun zaman alan sentetik
pestisitlerin kullanimina yasal sinirlamalar getirilmistir (Klinghard, 1993). Tiryaki (2010), Tiirkiye’de 2008
yil1 sonu itibariyle 4100 adet ruhsatli bitki koruma tirtinii bulundugunu, ruhsatli etkili madde sayisinin ise
418 oldugunu raporlamistir. Avrupa Birligi (AB) tarafindan, 2009 yilinda pestisitlerin siirdiiriilebilir
kullanimini saglamak, kimyasallarla miicadelede alternatif teknikler ve entegre miicadele yontemlerinin
kullanimini tesvik etmek amaci ile 2009/128/EC nolu Pestisit Direktifi yayinlanmistir. Bu direktife uyum
kapsaminda 01.01.2009 tarihi itibariyle 75 adet, 31.08.2009 tarihi itibariyle de 49 adet pestisitin imalati ve
ithalat1 durdurulmustur (http://www.tarim.gov.tr/GKGM).

Goksu Deltasi, onemli tarimsal potansiyele sahip olan ve 1990 yilinda 2872 sayili Cevre
Kanunu’nun 9. Maddesine istinaden Ozel Cevre Koruma Bolgesi ve RAMSAR Alam ilan edilen
Diinya’nin en 6nemli sulak alanlarindan birisidir. Bolgede yaygin olarak polikiiltiir tarim yapilmaktadir.
Sulu tarimin yapildigi kiyr seridinde bugday, arpa, geltik yaninda pamuk, susam, yerfistigi, cilek,
narenciye, turunggiller, turfanda sebze, bakla ve misir yetistirilmektedir. Tarimsal iiretim bolge disinda
kalan pek ¢ok yere pazarlama yolu ile ulagsmakta ve pestisit kalintilar1 hedef alanlardan ¢ok uzaklara
yayilmaktadir. Delta siurlari igerisinde yer alan tarim arazilerinin sulanmasi i¢in Goksu Nehri’nin dogu ve
bat1 kesimlerinde hizmet vermek amaci ile iki sulama birligi (Goksu ve Silitke Sulama Birlikleri) aktif
faaliyet gdstermektedir. Devlet Su Isleri (DSI) tarafindan agilan sulama kanallarina ragmen ydre halki
tarafindan delta iizerinde tarimsal faaliyetler i¢in bircok kuyu agilmis olup bu kuyulardan kontrolsiizce su
¢ekilmektedir (Kumbur ve Akin, 1995; Kumbur ve ark, 2002). Bu kuyular sera iiriinlerinin sulanmasinda
ve igme-kullanma suyu ihtiyact i¢in yogun olarak kullanilmaktadir. Dolayisiyla, burada yerel kirlenme
onemli bir faktordiir. Bu nedenle Delta’da kuyu sularinda yapilacak pestisit kalint1 tespiti nemlidir.

Bu calismada, Tiirkiye’de ve pek c¢ok iilkede kullanimi yasaklanmig olan lindan, 1,2,3,
Triklorobenzen, 1,2,4, Triklorobenzen, alfa endosiilfan, beta endostiilfan, aldrin, dieldrin ve endrin aldehit
organoklorlu pestisitlerinin Goksu Deltasi kuyu sularinda 2006-2008 yillart arasindaki kalint1 derigimleri
arastirilmigtir.

2. Materyal ve Metot
2.1.Calisma Alan

Goksu Deltasi, Akdeniz’in kuzey dogusunda Mersin ili Silifke ilgesi’nde yer almaktadir (Sekil 1).
Toplam koruma alani 236000 ha, sulama alanmi ise 5500 ha’dir. Goksu Deltasi’nda Akgdl ve Paradeniz
Golii olarak bilinen iki biiyiik gol yer almaktadir. Paradeniz Goli (592 ha) ve Akgol (820 ha) alani
kaplayan ¢ok sayida irili ufakli s1g ve ¢cogunlukla mevsimsel g6l ve géllerin ¢evresindeki binlerce hektarlik
tuzcul batakliklardir. Akgol tath su karakteri tagiyan deltanin en bilyiik golidiir. Akgol’de uzun dénem igin
sedimantasyonun neden oldugu otrofikasyon tehlikesi vardir. Uzun donemli hidrografi, havzadaki
minimum akigt 100 m® s civarinda tutan énemli bir yer alti suyunun varhigini gdstermektedir. Birbirini
takip eden birka¢ yagish yil, yer alti suyunun artmasina neden olmaktadir (Hollis, 1994). Akgdl, Goksu
Deltasi’nda drenaj havzasinin bir parcasidir. 1960’11 yillarda yiiksek tuzluluk orani olan, bitkinin neredeyse
hi¢ olmadig1 bir gol iken, bugiin zengin bataklik bitki ortiisiine sahip, besin elementlerinin arttig1 tatli su
gOlii haline doniismiistiir. Gel-git olayina bagl olarak tuzluluk oranlar1 degisen bu gollerde, ortalama
olarak tuzluluk Paradeniz’de %19, Akgdl’de %1-2 civarindadir. Paradeniz Golii ise denizle irtibatli olup
tuzludur ve kum setti ile denizden ayrilmaktadir .Ortalama derinligi 1.5 m’dir (Kumbur ve ark, 2013).

Goksu Deltasi, uygun iklim kosullar1 yaninda farkli habitatlar1 da i¢inde barindiran pek g¢ok canli
tiirliniin yasadig1 6zel bir bolgedir. Bolge zengin vejetasyonun yani sira, kuslar, gégmen kuslar ve gesitli
deniz canlilar1 bakimindan da zengin gesitlilik gosterir. Tiirkiye’de bulunan 502 kus tiirtinden 334’{ ve 507
bitki tiirii Goksu Delta’sin da bulunmaktadir (Basibiiyiik, 1992; T.C. Cevre ve Sehircilik Bakanligi, 2015).
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Delta, ekolojik olarak 6trofik (bol gidali) bir sulak alandir (Crivelli ve Rosecchi, 1993). Topraklarin
bileseni yiizeyden alt yiizey horizonlarma dogru derinlikle degismektedir. Ozellikle Goksu Deltas1 gibi
nemli iklim kosullarinda yagmur sular1 topraga ge¢mekte ve ¢oziinebilir pestisitler toprak ¢ozeltisi ile
taginabilmektedir. Boylece tarim alanlari ile Akdeniz arasinda tampon gorevi yapan Paradeniz ve Akgol
lagiinlerinin olusturdugu sazlik ve bataklik sulak alanlarda birikime neden olabilmektedir. Balik¢iligimin
yapildigr bu lagilinlere tasinan sedimentlerdeki pestisitler burada yetisen baliklar tarafindan alinip
yapilarinda birikime ugrayabilmektedir.

AKDENIz

Sekil 1. Goksu Deltasinin konumu
2.2. Ornekleme ve Analizler

Goksu Deltasi tarimsal arazi yakininda belirlenen Goksu Sulama Birligine ait 20 ve Silifke
Sulama Birligi’ne ait 20 kuyu olmak iizere toplam 40 kuyudan mevsimsel olarak 2’ser L su numunesi
almmig ve Ornekleme islemi standart numune alma metotlarina gére mevsimsel olarak yapilmistir
(APHA,AWWA-WPCP, 2005).Buna gore; alinan drnekler polietilen siselere koyularak buz kutularinda
laboratuvara getirilmistir. Laboratuvara getirilen numuneler, analiz edilinceye kadar derin dondurucuda
saklanmigtir. Her kuyuda biri kontrol amagli olmak iizere toplam 5 dénemde &rnekleme yapilmustir. Elde
edilen sonuglarda organik klorlu pestisit kalint1 derigimlerinin ortalama degerleri verilmistir. Sekil 2’de
ornekleme noktalari, Tablo 1’de ise noktalarin koordinatlar1 verilmistir.

2.3. Ekstraksiyon

Analizlerin 6n islemleri AOAC Metot 970.52 (AOAC, 1995a), suda pestisit kalint1 analizleri ise
EPA Metot 680 (EPA, 1985) esas alinarak gergeklestirilmistir. S00 mL su 6rnegi 1 L’lik ayirma hunisine
alinarak tizerine 10 g Sodyum tiyosiilfat (Na2SO4) ve 50 mL diklorometan (CH2Cly) eklenerek 3 dakika
calkalandiktan sonra ¢6ziicii faz1 bir bagka ayirma hunisine alinmigtir. 25 mm ¢apli 50 cm yiiksekligindeki
kolona susuz Na,SO4 ‘dan 10 cm olacak sekilde eklenerek kolondan toplanan organik ¢6ziicti gegirilmistir.
Kolonun temizlenmesi igin 6rnekten sonra 4 mL CHCl, gegirilerek ziitleme islemi tamamlanmustir. Oziit,
doner buharlastiricida 50 °C” de yaklagik 4 mL kalana kadar buharlagtirilmistir. Daha sonra 6 mL n-hekzan
ilavesi ile deristirme tiipline aktarilan 6rnek saf azot gazi ile oda sicakliginda 0,5 mL kalincaya kadar
styirma islemine tabi tutulmustur (Geyik¢i ve Biiyiikgiingér, 2002). Analiz islemleri {i¢ paralel olacak
sekilde yirtitiilmistiir. Son olarak viallere alinan &rnekler Gaz Kromatograsi (GC) cihazinda okutulmustur.
Elde edilen sonuglarin ortalama degerleri verilmistir
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i

Sekil 2. Mersin ili Silifke Il¢esi 6rnekleme noktalar

Tablo 1. Ornekleme noktalari ve koordinatlari

Kuyu No )I((oordinatla\r( Kuyu No )foordinatlar -
S1 586136 4025608 G1 562749 4423945
S2 587356 4024567 G2 566128 4341208
S3 589621 4024049 G3 566936 4348769
S4 589796 4024029 G4 568364 4382944
S5 590254 4024029 G5 568494 4254891
S6 589993 4024495 G6 570304 4374697
S7 590457 4024671 G7 573094 4257485
S8 590272 4223127 G8 562038 4222449
S9 599566 4022247 G9 569349 4323148
S10 591272 4016900 G 10 579384 4273849
S11 591253 4021670 G11 569394 4378993
S12 590559 4021881 G12 569304 4336348
S13 589885 4022188 G 13 568599 4385961
S14 588095 4027307 G14 575869 4294058
S 15 588197 4024503 G 15 565838 4359856
S16 588216 4024728 G 16 562397 4294854
S17 588183 4024946 G 17 579321 4245596
S18 588136 4024884 G 18 574950 4385756
S19 587892 4024884 G 19 563995 4295876
S20 588116 4024328 G20 564830 4223449

G: Goksu Sulama Birligi S: Silifke Sulama Birligi



Kastamonu University Journal of Engineering and Sciences 2(1):1-13, 2016
2.4. Kromatografi Analizleri

Orneklerin analizleri mikro elektron yakalama iyonizasyon dedektorii (u-ECD) ile donatilmis
otomatik enjektorlii 6890 model Hewlett Packard Gaz Kromatografi (GC) cihazi kullanilarak yapilmigtir.
Analizler, film kalinligt 0.25 pm, uzunlugu 30 m ve ¢ap1 0.32 mm olan HP5 kolon ile gergeklestirilmistir.
GC, 1 dakika boyunca 50 ° C'de islem gormiis, daha sonra sicaklik 5 °C dk-1 hiz ile 290 °C'ye
ylikselmistir. Tastyict gaz olarak dakikada 20 mL akista azot gazi kullanilmistir. Dedektor ve enjektor
strastyla, 250 oC' de sabitlenmistir.

3. Bulgular ve Tartisma

Goksu Deltasi; aliivyon cakil, kum, silt, kil ve kumlu kil karisimlarindan olugmaktadir. Deltanin
belli bir kisminda yiizeyde yer alan 20-30 m kalinligindaki kil, altinda yer alan gecirgenligi goreceli olarak
yiiksek iri taneli sedimanlarin olusturdugu akiferi basingli bir akifer yapmaktadir. Deltada, bolgesel
yayilmus artezyen akifere, basingl akifere ve serbest akifere rastlanmaktadir (Demirel ve Ozpinar, 2007).

Ormneklemenin yapildig1 tarimsal sulama amach acilan kuyularin Delta genelinde hakim olan
serbest akiferde olmasi ve tarimsal iiretimde uzun yillardir kullanilan pestisitlerin artik toprakta adsorbe
olamamas! nedeni ile yeralti sularina kadar ulagmaktadir. Goksu Deltasi’nda sera ve tarla tariminda
ilaglamanin yogun oldugu kis mevsimini takiben 1. 6rneklemenin yapildig:i ilkbahar aylari, elde edilen
yiiksek pestisit degerlerini agiklamaktadir. Kuyularda her bir pestisit i¢in elde edilen maksimum kalinti
organoklorlu pestisit derigimleri Sekil 3-10’da verilmistir.

Orneklemenin yapildig: Silifke Sulama Birligi simrinda kalan kuyu sularinda 5 érnekleme sonucu
degerlendirildiginde aldrin-dieldrin, lindan ve metabolitleri olan 1,2,3-TCB ve 1,2,4-TCB kalint:
derigiminin, endrin metaboliti olan endrin aldehit ve endostiilfan izomerlerine kiyasla daha yiiksek oldugu
goriilmektedir. En yiiksek kalint1 pestisit derisimlerine, ilkbahar ve yaz aylarini temsilen yapilan 1. ve 2.
orneklemelerde saptanmigtir. Kurak yaz ve sonbahar mevsimlerinde toprakta kontamine olan organik
kirleticilerin kis aylarinda yagislarinda etkisi ile mobilize oldugu ve Ornekleme noktalarinda pestisit
kirliligini meydana getirdigi diistiniilmektedir. Silifke Sulama Birligi sinirlarinda ilkbahar aylarinda kuyu
sularinda yapilan kalinti analizler sonucunda 1,2,4 TCB (259,70 ng L-1) ve aldrin (41,6410 ng L-1) en
fazla 1. 6rneklemede ¢ilek tretimi yapilan ve ilag kullaniminin yogun oldugu 10 ve 19 no’lu kuyularda
saptandigi ve bu kuyularda derisimlerinin dieldrin, endrin aldehit, o ve p — endosiilfan, lindan ve 1,2,3 —
TCB gore daha yiiksek oldugu goriilmiistiir. Bu durum, 1.6rneklemede kis mevsimi yagislari ile topragin
yikanmast uygulanan pestisitlerin serbest bir akifere sahip olan ile diisiik yeralti suyu seviyelerine sahip
olan kuyularda daha yiiksek derisimlerde bulundugunu gostermektedir.
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Sekil 3. Ornekleme Noktalarinda 1,2,4-Triklorbenzen Derisimi Degisimi (ng L)
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Sekil 4. Ornekleme Noktalarinda 1,2,3-Triklorbenzen Derisimi Degisimi (ng L)

Calismada arastirilan lindan pestisiti, heksaklorosiklohekzan (HCH)’in 5 izomerinden (alfa, beta,
gama, delta ve epsilon) bir tanesidir. HCH gama izomeri olan lindan, diger izomerlere gore birgok bocege
100-1000 kat daha etkilidir. Bu nedenle lindan izole edilerek diger izomerlerden ayrilmistir. Diger
klorlandirilmis hidrokarbonlar gibi mide temas etkili ve genis spektrumlu olmasina ragmen buharlagma ve
suda c¢Oziiniirliigi daha fazladir. Lindanin kullamimi 1985 yilinda yasaklanmistir. Silifke Sulama
Birliginden alinan 6rneklerde lindan ve metabolitlerinin kalinti derisimleri degerlendirildiginde 1,2,4-
TCB’nin, 1,2,3-TCB ve lindan kalint1 derisimlerinden daha yiiksek oldugu goriilmektedir. Bu sonug eski
tarihli bir lindan kirliliginin oldugunu gostermektedir.
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Sekil 5. Ornekleme Noktalarinda Lindan Derisimi Degisimi (ng L)

Ornekleme noktalarinda endosiilfan izomerlerinden o-endosiilfan ve B-endosiilfan kalinti
derisimleri de aragtirnlmigtir. Endosiilfan; beyaz renkli kristalize formda olan {iretimi ve kullanim1 sirasinda
havaya, suya veya topraga kolayca karisabilen bir insektisittir. Uriin ¢alismanin yapildig1 alan ve tarihlerde
(2006-2008) spreyleme seklinde kullanilmakta olup, 2009 yili itibari ile imalati, ithalati ve kullanimi
yasaklanmistir. Yapilan g¢alismalarda endosiilfanin bozunumunun zor oldugu ve atmosferik olaylarin
etkisiyle uygulama alanindan ¢ok uzaktaki iiriin, toprak ve suya tagmabildigi rapor edilmistir (EPA, 1985).
Silifke Sulama Birligi sinirlarinda yapilan 5 6rnekleme incelendiginde 1. rneklemede hem o- endosiilfan
hem de B-endosiilfan kalint1 derisiminin diger 6rneklemelerden yiiksek oldugu goriilmekte olup en yiiksek
kalint1 derisimine ¢ilek iiretimi yapilan ve ila¢ kullaniminin yogun oldugu 19 no’lu kuyuda rastlanilmistir.
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Diger 6rnekleme tarihlerinde a-endosiilfan kalintisina rastlanmazken B- endosiilfan kalinti derisiminin 1.
orneklemeye kiyasla diisik oldugu goriilmektedir. 1.6rneklemede kis mevsimi yagislari ile topragin
yikandig1r ve uygulanan pestisitlerin serbest bir akifere sahip olan ve yaz ve sonbaharin kurak gegmesi
nedeni ile diisiik yer altt su seviyesine sahip olan kuyularda yiiksek pestisit kalintisinin oldugu
diistiniilmektedir.
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Sekil 7. Ornekleme Noktalarinda B-Endosulfan Derisimi Degisimi (ng L%)

Siklodien sinifinda yer alan aldrin (C12H8CI6), termitleri (beyaz karincalar), ¢ekirgeleri, misir
kok solucanini ve diger bazi zararli 6ldiirmek i¢in kullanilan bir organoklorlu bir pestisit olup, kullanimi
1979 yilinda yasaklanmistir. Aldrin uygulamasi direk topraga yapilmaktadir. Kurak gegen 2006 yaz ve
sonbahar donemini takiben diisiik yeralti su seviyelerine sahip Ornekleme noktalarina kis aylarinda
yagislarla yikanarak ulasmaktadir. Siklodien sinifinda yer alan pestisitlerin en Onemli 6zelligi
izomerizmdir. Bu nedenle isodrin, onun epoksiti (ylikseltgenme iiriinii) endrin, aldrin ile dieldrin ayni
formiile sahip olmalarina ragmen stereokimyalarinin (izomerizm) degisik olmasi nedeniyle birbirlerinden
farkli fizikokimyasal Ozellikler tasimaktadirlar. Aldrin, biyokimyasal reaksiyonlarla veya c¢evrede
oksidasyona ugrayarak epoksit dieldrin, endrin ve heptaklor epoksit olusturmaktadir. Ornekleme
noktalarinda saptanan dieldrin kalinti derisimi hem aldrinin matabolize olmasindan hem de ACE-EX,
Agrico Dieldrin %10 Dust, Agrico Dieldrin %15, Agrico Dieldrin %5 Granules vb ticari adi ile satilan
dieldrin etken maddeli organoklorlu pestisitlerden kaynaklandigi diisiiniilmektedir. Dieldrin ve endrin
aldehit, aldrinden daha kuvvetli insektisit 6zelligi olan, daha kalic1 etkili maddelerdir. Arastirmada Silifke
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Sulama Birligi 6rnekleme noktalarinda en yiiksek aldrin kalint1 derisimi, ilkbahar aylarini temsilen yapilan
1. orneklemede 19 no’lu kuyuda saptanmistir. Ayni alanda en yiiksek dieldrin ve endrin aldehit kalinti
derisimi ise en yliksek degerini yine 1. orneklemede saptanmistir. Ancak saptanan kalinti derisiminin

aldrine kiyasla daha diisiik olmasi, 6rnekleme noktasinda yakin tarihli bir aldrin kirliligini ifade ettigi
diistiniilmektedir.
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Sekil 8. Ornekleme Noktalarinda Aldrin Derisimi Degisimi (ng L)
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Sekil 9. Ornekleme Noktalarinda Dieldrin Derisimi Degisimi (ng L)
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Sekil 10. Ornekleme Noktalarinda Endrin Aldehit Derisimi Degisimi (ng L)

Proje c¢alismasinin bir diger 6rnekleme alant Goksu Sulama Birligi sinirinda kalan 6rnekleme
noktalar1 kendi aralarinda degerlendirildiginde ilk 6rneklemede saptanan pestisit kalint1 derisimleri diger
orneklemelerden daha yiiksektir. i1k érnekleme kis yagislarini takiben Mart (2007) ayinda yapilmis olup
topraktan yikanan pestisit kalintilarin saptanan yiiksek degerlere ulasmasini agiklamaktadir. Goksu Sulama
Birligi’ne ait kuyularda en yiiksek kalint1 pestisit derisimi, 3 no’lu kuyuda yapilan ilk érneklemede 1,2,4
TCB (93,5 ng L-1) olarak bulunmustur. Bu bolgede tiim ornekleme noktalarinda siklikla karsilasilan
pestisit grubu siklodien sinifi olup aldrin, dieldrin ve endrin aldehit etrafinda yogunlasmaktadir. Siklodien
smift pestisit kirliligi incelendiginde ilk orneklemelerdeki yiiksek degerlerin diistiigli goriilmektedir.
Siklodien siifinin metabolitlerindeki artis bu azalmay1 agiklamaktadir. Bu durum aldrinin metabolitlerine
parcalandigini gdstermektedir.

Goksu Deltast’ndaki yeraltt sular1 denize dokiilen Goksu Nehri ile iliskilidir. Bu nedenle yeralti
sularinda saptanan bir pestisit kirliligi deniz suyuna, sedimana ve besin zincirinin en iist basamaklarina
artarak tasinabilecektir. Delta’da yapilan gesitli kalint1 tespit ¢alismalart sonucu organizmalarda (Ayas ve
ark, 1997), toprakta, bitkide ve sedimentte (Avct, 2004), suda, ¢okelde ve baliklarda (Yalvag, 2005) ng L-
1 — mg L-1 araliginda organoklorlu pestisit ve organofosforlu pestisit kalintilarina rastlanilmigtir. Bu da
pestisitlerin uzun siire bulunduklar1 ortamda bozunmadan kalabildiklerini, kronik olarak sucul canlilarda
birikerek besin zinciri yolu ve topraktan yeralti sularina ve i¢gme sularina kadar gelerek kirliligin insanlara
ulagabilecegini gostermektedir. Ayrica, koruma altinda bulunan alanda gogebe kuslarin beslenmesi ile
nesli tehlikede olan canlilarin, risk altinda kalarak birlikte go¢ ettikleri alanlarda besin zinciri yolu ile
direkt temas etmeyen canlilar1 da etkiledigi diisiniilmektedir.

4. Sonug

Yapilan calisma sonucunda organoklorlu pestisitlerin sucul ekosisteme karistigt ve uzun siire
ortamda kalabildigi tespit edilmistir. Ayrica arastirma sonuglari pestisitlerin kullaniminin yasaklanmis olsa
bile metebolitlerine doniisebildigi ve 6zellikle bahar mevsiminde yiiksek derisimlerde Goksu Deltas1 yeralti
ve kuyu sularinda bulunabildigini gostermektedir. Bu duruma organoklorlu pestisitlerin kimyasal
ozelliklerinin, biyobirikime ve uzun silire taginma kapasitesine sahip olmalarmin neden oldugu
diistiniilmektedir.

Bu c¢alismada arastirllan lindan ve metabolitleri (1,2,3, Triklorobenzen; 1,2,4, Triklorobenzen),
endosiilfan ve izomerleri (alfa endosiilfan, beta endosiilfan), aldrin, dieldrin ve endrin aldehit, Avrupa
Birligi Su Cergeve Direktifi 2000/60/EC ile 26.11.2005 tarih ve 26005 sayili Tehlikeli Maddelerin Su ve
Cevresinde Neden Oldugu Kirliligin Kontrolii Yoénetmeligi ((76/464/AB) kapsaminda degerlendirilmistir.
Bu pestisitler, 14 adet kirleticinin yer aldig1 ve su kaynaklarinda bulunmasi istenmeyen veya desarj
standartlar1 getirilen ¢ok tehlikeli maddeler sinifinda yer almaktadir. Analiz sonuglarina goére sadece aldrin
cevresel kalite standartlarinin tizerinde bulunmustur.

10



Kastamonu University Journal of Engineering and Sciences 2(1):1-13, 2016

Pestisit kullanimu ile ilgili en 6nemli sorun; gevresi ile ne zaman, nerede, nasil etkilesime girdigi

ve uzun zaman siirecinde insana ve dogaya verebilecegi zararin kesin olarak saptanmasinin giigliigiidiir. Bu

nedenle yasal ¢ergeveler igerisinde dogada yikimi zor ve uzun zaman alan sentetik pestisitlerin kullanimina

siirlamalar getirilmelidir. Son ilaglama zamani ve hasat arasinda ge¢mesi gereken siireye dikkat edilmeli

ve Ureticiler bu konuda egitilmelidir. Deltada kimyasal miicadeleden kagiilarak biyolojik miicadeleye
yonlenilmeli ve zaman igerisinde Goksu Deltasi’nda ekolojik tarima ge¢ilmelidir.

Delta’da belirlenen pestisit kirliligi yeralt1 sularinin Goksu Nehri ile denize taginimindan dolay1
noktasal olmayacaktir. Bu ylizden, Goksu Deltas1 gibi koruma altina alinan alanlarda pestisit kullaniminin
kontrol altinda tutulmasi, gida {rlinleri ve su kaynaklarinda pestisit kalintilarinin diizenli olarak tespit
edilmesi, kalint1 analiz metotlarinin giincellenmesi, pestisitlerin ekosisteme olan akut ve kronik etkilerinin
belirlenmesi bunun i¢in ekotoksisite testlerinin yapilmasi gerekmektedir. Bolgede su kaynaklarinda kalinti
pestisit ve metabolitlerinin envanteri ¢ikartilmali, degisimler siirekli izlenerek risk degerlendirilmesi ve atik
yonetimi planlamasi yapilmalidir.

5. Tesekkiir

Bu ¢alisma, BAP-MUH F CM (HK) 2006 -1 proje nolu Mersin Universitesi Bilimsel Arastirma
Projeleri Birimi tarafindan desteklenmis olup ilgili kuruma finansal desteklerinden dolay1, Goksu Sulama
Birligi ve Silifke Sulama Birligi ¢alisanlarina ise arazi ¢alismalarindaki yardimlari ve verdikleri bilgiler
icin tesekkiir ederiz.
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1. Introduction

The territory of Kazakhstan has very sparse forest cover. The total area of the state forest fund in
Kazakhstan is just over 27.7 million hectares, which cover 4.6% of total land area of the country. Total
forest area is 12.3 million hectares, including 1.6 million hectares of evergreen coniferous trees in the
family Pinaceae (13.08%). The spruce (Picea spp.) covers 1.9 hectares (1.52%) among other conifers.

Forest conditions in Kazakhstan are of particular concern. Forest fire, storms, and insect pests
cause great damage to Kazakhstan forest resources. The Tien Shan spruce (Picea tianschanica) is an
endemic plant to Central Asia, Tien Shan, lle-Alatau and Zhongar-Alatau that occurs in the mountain
coniferous forests 1300-3600 metres above sea level. The 480 hectares of the forest plantations was
damaged by a windstorm on May 17, 2011, in lle-Alatau Mountains (Image 1). According to a preliminary
assessment, about 50 thousand significantly damaged spruce trees have been reported sweeping down by
hurricane in the Medeu National Park. The Medeu accident is not the only one example of mass destruction
of forests by hurricane [1,2].

It is well known that the windfalls and windbreaks cause significant damage to forestry. These
natural phenomena contribute to the interruption of the tree roots and thereby weaken their stability, which
are the favourable environment for the mass breeding of harmful insects, i.e. stem pests such as bark
beetles, longhorn beetles, jewel beetles and horntails. This problem applies especially to mountain forests
of lle-Alatau and Zhongar-Alatau, where trees suffer from stem pests much more. It was established, as
windthrow, which is trees uprooted or broken by wind, gets denser, so the pest population in this area
increases. Thus, broken trees initially should be cleaned up, in order to interrupt the stem pest
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establishment [3, 4]. This is because of the lack of appropriate cleaning events after hurricane in the areas
of windthrow that might have disastrous consequences.

Xylophagous insects, such as the six-toothed bark beetle — Ips sexdentatus Boern. and the ribbed
pine borer - Rhagium inquisitor L, which have not been previously inhabited in the Tien Shan Mountains,
were detected among windthrown trees. They were probably introduced here through infested wood
materials and were established in 1960-70 years of the last century. According to Zh. Ismuhambetov,
construction of city infrastructure and industrial facilities in Central Asia, in the South and South-Eastern
Kazakhstan was carried out by local forest resources. However, local wood production did not satisfy the
increasing demand for wood construction material. Therefore, in order to build the Turkestan and Siberian
railway, since 1930 the wood construction materials were imported from Siberia and other places of the
former “Soviet Union”. Timber import into Kazakhstan is still essential today [5].

The vast majority of imported timbers were undressed logs and were infected with stem pests.
Timber was directly transported into the zone of spruce forests of the Tien Shan Mountain for construction
and energy purposes in the 1960-70s of the last century. Imported wood materials left for a long time in the
territory of local forests, sometimes for a period up to a year. Thus, it could be the ideal infection source for
introduction and acclimatization of exotic insect pest, which were not dwelling before the Tien Shan
Mountains.

Problem of infection was raised for the first time by Prof. P. Marikovsky [6], who witnessed a
possible infection source from imported timber that had traces of severe damage of stem pests in the ravine
of Bolshaya Almatinka, located in the lle-Alatau Mountains, Talgar region, which is 25-30 km away from
Almaty city.

One of the authors of the study, who studied insect species composition of the Tien Shan spruce
forest, also detected the same invader-insects between a period of 1962 and 1964 on wood materials
imported for dam construction and for energy source to heat sanatoria, rest houses, pioneer camps in the
train stations, such as Bratsk, Tuymen, Yenisei, Asino, and in the zone of spruce forest of the Ile-Alatau
Mountains, such as Talgar ravine, Malaya and Bolshaya Almatinka, Large Almaty Lake. Detected invaders
were the three species of woodborers, (including long horned beetle Monochamussartor, the ribbed pine
borer Rhagium inquisitor L.), the 15 species of bark beetles, (including the six-toothed bark beetle Ips
sexdentatus Boern.), and the three species of horntails.

Pest invasion through wood importation could cause substantial damage to the Tian Shan
Mountains. However, in the 1960s of the last century the Council of Ministers of the Kazakh SSR declared
special order that prohibited the importation and storage of timber, infested with pests and infected with
pathogens, to forest territory or nearby territories of the State Forest Funds. Unfortunately, almost half a
century later, it can be stated with confidence that the above mentioned special order was not successfully
implemented, as the quarantine insect pests are detecting in the area of the windthrow today.

The Kazakh Research Institute for Plant Protection and Quarantine (KazRIPPQ) was considering
the possibility of risks of future pest invasion of the above mentioned quarantine insect species through
imported timber from the windthrow areas and their establishment in the spruce forests of Almaty city and
other nearby territories. Therefore, the KazRIPPQ appealed to the appropriate authorities of the Republic
of Kazakhstan to follow the quarantine rules.

According to our view, there are several circumstances that lead to the possible invasion and
establishment of the “new pests”. First of all, coniferous plant species, such as spruce, pine, fir, and larch
have common pest problems, e.g. bark beetles, longhorn, horntails and stem borers. For example, insect
pest composition of Scots pine (Pinus sylvestris L.) planted in many regions of the Tien Shan Mountain
shares common pest problem with the Tien Shan spruce [7, 8]. Secondly, the insect pest species
composition of the Tien Shan spruce consists of the 63 species, whereas on the Siberian spruce dwelling
the 170 species of herbivores that indicate to the presence of available ecological niches on the local
conifers [8]. Under these circumstances, there is a reason to conclude that the Tien Shan spruce has a great
potential of pest establishment from the Siberian coniferous species. Moreover, some of the invaded pest
species able to well-adapt and flourish in the new environment compared to their place of origin, where
their development constrained with their natural enemies and environmental conditions.
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After a half-century of prediction of P. Marikovski [6] regarding risk to the Tien Shan spruce
forest, eventually today his prediction has become a real problem. Nowadays the overall concept of plant
protection is changing. The main objective of a pest management strategy is not a total pest eradication, but
control of pest population under economic threshold. Forest restoration, preservation and sustainability are
emphasised for a self-sustaining forest ecosystem in order to control the mass reproduction of insect pests.
Only the complex of appropriate tools and techniques based on extensive knowledge about forest
ecosystem can help towards achieving this goal. One of the main components of the concept called the
Integrated Pest Management (IPM) is the application of pheromone traps. Insects use pheromones to mark
territories around nests, intra- and interspecies communication, direction of the food items, and to provide
meeting of the opposite sex.

The concept of the IPM is based on accurate information about insect populations. Information
regarding the population ecology can be obtained by using pheromone traps. The IPM strategy is based on
the application of the most selective means of pest control. Pheromones enable us directly control pests
without affecting other beneficial organisms in the forest ecosystem. Moreover, pheromones as volatile
compounds easily can be distributed into the space and have any traces on the treated area [9].

Advantages of pheromone traps application were highlighted since Soviet times as in the
“Guidelines for the application of pheromones for monitoring and protection of spruce against bark beetle”
[10]. Nowadays the pheromone traps application is still essential and reflected in the “Guidebook for
localization and liquidation of outbreaks of harmful organisms” [11].

Europe has much more experience in dealing with pests by using pheromones. A.M. Maslov has
done the extensive literature review regarding analysis of this topic called “Spruce drying up due to
European spruce bark beetle, Ips typographus L., and the integrated pest control” [12].

In Norway, the 600 000 pheromone traps, which had the mean number of insects caught per trap
of 4 700-7 400, were applied. Overall, the 2.9 trillion beetles in 1979, and the 4.5 trillion beetles in 1980
were trapped by means of pheromones that significantly decreased damage caused by the European spruce
bark beetle.

In Sweden, in order to control the spruce bark beetle the common agronomic activities, such as a
sanitation cutting of trees, use of trap trees or trap logs, and even the insecticide application (the insecticide
lindane) were carried out by 1978. The pheromone application started in 1978 (30 000 pcs), and were
applied annually: in 1979 — 316 880 pcs, in 1980 — 336 720 pcs, in 1981 — 335 448 pcs, in 1982 — 119 564.
Population of the spruce bark beetle dropped to normal levels of abundance in 1983, so the installation of
pheromones was stopped this year.

In Germany, the 100 000 pcs of pheromone traps were applied annually between the same period
against the European spruce bark beetle.

A. D. Maslov concludes his study with the following expression: « International evaluation of
the pheromone traps application against the European spruce bark beetle stated that chemical substances,
which influence to the behavioural features of bark beetles, is not a panacea, but valuable attributes of an
integrated pest management in combination with proper agronomic and forestry methods...» [13].
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Image 1. View of the windthrow area in Gorelnik in 2012, Medeu, Almaty

2. Material and methods

The spruce bark beetle monitoring was carried out by utilizing two different types (barrier and
triangle) of the pheromone traps called Ips vabol — A, produced in Belarus and Moldova. The traps made
in Moldova showed higher efficacy. Flight season of beetles was recorded when an average temperature
was 180 C, the end of April — beginning of May. Installing pheromone traps occurred between a periods
from 20th of April until 10th of July in the blocks No. 12 and No. 13, as well as in plantations of the age of
four class of Malaya Almatinka forestry. Total quantity of pests trapped in the pheromones that has
individual numbers was counted every 7-12 days. In addition, dispensers were replaced every 35-40 days.

In 2014, pheromone traps were installed at different altitude levels in the Medeu National Park:
block No. 13 at an altitude H1630, N43009.644, E007002.869; blocks No. 4 and 5, in the Mohnatka field at
an altitude H1776, N43009.524, E077003.176 and at an altitude H1778, N43009.961, E077002.986; blocks
No. 6 and 7, in Chimbulak, No. 57 H2395, N43002.067, and E007004.750.

Pheromone trap installation process occurred on the 4th of April at the “Mohnatka” field in
Medeu, in coordinate H1778, N43009.961, E077002.989; and in Chimbulak at the blocks No. 12 and No.
13, as well as in plantations of the age of 4 classes at the height of an adult’s breast. Beetle’s flight season
was recorded in the second and third decades of April during the flowering stage of dandelion plant. The
mass of flying of beetles was observed at an average temperature of 180 C, the end of May — beginning of
June.

Research field works were carried out in the Medeu National and lle-Alatau State National Parks,
whereas laboratory works were conducted at the the Kazakh Research Institute for Plant Protection and
Quarantine. The general methodology guideline in forest protection was used to fulfil a project report.

In order to register population development rate of stem pests, in particularly bark beetles, round
shaped traps with diameter 50 cm (for small sized forest pests d=30 cm, for longhorn beetles d=1 m), were
placed inside of tree stems with moderate infection [15, 16].

Visual assessment of the stem pest infestation enabled us to divide into different categories
according to a degree of plant weakening at the experimental sites during the monitoring. The forest
evaluation was performed using a visual and recognition, as well as route methods. The main tasks of a
recognitional evaluation are: to detect on time a pest pressure that have negative effect on forest; to
establish the main infection sources of future forest pest and disease outbreaks at the early stage of their
development; to estimate degrees of tree damage and a relative mean size of dried trees. In particular,
visual assessment methods of pest detection rely on key diagnostic features, such as pest and disease
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presence, severity of pest damage, a weakening of plant conditions and other related features of negative
forest health conditions.

After conducting visual and recognitional evaluation, afterwards a route assessment follows that
register trees according to their pathological features. As a result, there were six categories of spruce tree
infestation. Among these categories, mainly categories 2, 3 and 4 (2- weak trees, 3- very weak trees, 4-
drying trees) were detected during our route evaluation. The main causes of these weak, very weak and
drying trees, including infested with stem pests, were also visually determined [17].

3. Results

Insect pests trapped in the pheromones were the following species: Family of bark beetles
(Ipidae), includingthe lineate bark beetle (Triptodendron linatium Ol.), European spruce bark beetle (Ips
typographus L.), Hauser’s bark beetle (Ips hauseri Reitt.), bark beetle (Ips duplicates Sahalb.), six-toothed
spruce bark beetle (Pityogenes chalcographus L.), Baikal bark beetle (Pityogenes baicalicus Egg.), Kyrgyz
bark beetle (Pityophtorus Kkirgisicus Pjat.); Longhorns, including spruce woodcutter (Tetropium
Staudingeri Pic.), Ribbed pine borer (Rhagium inguisitor Z.) and the Tien Shan horntails (Sirex
tianshanicus Sem.). All above-mentioned pests pose potential hazard in subsequent years for both healthy
and attenuated spruce plantations in the conditions of the Ile-Alatau.

The highest quantity of beetles were registered in August, when the 865 pcs of insects were
collected, including the 610 pcs (53%) of Ips typographus L., the 99 pcs (30%) of Ips hauseri Reitt., the
115 pcs (11%) pitted engraver, and 11 pcs (3%) longhorns, as well as 30 pcs (3%) of other insects,
including bugs, opiliones, click beetles (Image 2).

Total collection %

1

B Xylebonusspp. - 0,11

B Triptodendron linatium 0/.-2.03
N Ips typographus L.-78.7

B Pityogeneschalcographus L.-0.23
B |ps hauseri Reitt. -8.94

W Ips baicalicus Egg. -6.69

Pityophtorus kirgisicus Pjat. -0.95

Ips duplicates sahalb.-0.23

Pityogenes chalcographus L.-2.03

Image 2. Total percentage of bark beetles

Overall, the European spruce bark beetle, Ips typographus L. had the highest percentage, which
was equal to 78.7%.

According to preliminary examination, the Ips typographus L., 1. hauseri Reitt., Pityogenes sp.,
Arhopalus rusticus L. were the well-distributed insect pests, which were the mostly detected on weakened
or fallen trees in the territory of wind throw area of Medeu ravine.

In order to confirm the identification of the European spruce bark beetle, samples of this insect
sent to Archil Supatashvili, who is a prominent taxonomist of bark beetles and head of Department for
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Forest Protection of the Institute of Forestry in Thilisi, Georgia. The results of pest identification confirmed
that it was the same beetle species (Image 3).

Image 3. Prof. A. Supatashvili and pest identification process, 2013

In order to assess tree conditions of different category, experimental plots with the Tien Shan
spruce plantation of third and fourth classes (N=100 trees) were established in the windthrow areas
(Gorelnik and block Ne4) of Medeu, Malo-Almatinka and Butakovka forestry.

As indicated in Table 1, in 2013 fallen trees covered 27-29 percent of total forest territory, while
in 2014 it increased up to 50 percent. Xylophagous insects, such as bark beetle, long horn beetles, jewel
beetles and weevils, attacked rooted trees. Overall, forest health condition was unsatisfactory and posed
risks to other healthy plantations around. This was because healthy trees were under repeated mass attacks
by stem pests.

Table 1 — Results of evaluation for forest health condition on the experimental sites in 2013

Categories of tree health condition,
Location of % Unfallentree  Total humber Fallen
monitoring sites | 1 1 v s, % of trees, pcs trees, %

Medeu (dam)

H- 2200
N-43°09°354 3 22 40 5 70 100 29
E-077°03°012

Butakovka
H- 2082
N- 43°10°338 - - 65 7 72
E- 077°06°248

100 27

Trees infested with stem pests are major source of pest invasion. Damaged areas with secondary
pests had wind throw trees and their remains (tree stumps, branches, trunks), which were distributed
especially in the inaccessible mountainous areas.
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