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Katran Dag (Bayrami¢/Canakkale) ve Cevresinde Yayilis Gosteren
Geofit Bitkiler ve Ekolojik Ozellikleri

Canan AVCU!, Selami SELVI?, Fatih SATIL?

OZET: Bu calismada Katran dagi (Bayrami¢/Canakkale) ve cevresindeki geofit bitkiler tespit
edilerek ekolojik oOzellikleri ortaya konmustur. Calisma sonucunda 16 familyaya ait 36 cins ve
54 takson tespit edilmistir. Bu taksonlardan 8 tanesi Tiirkiye i¢in endemiktir. Bu calismada
tespit edilen 5 takson B1 karesi icin yeni kayittir. Arastirma alaninda en fazla taksona sahip
familyalar; Orchidaceae (11) ve Asparagaceae (10) familyalaridir. Alanda en c¢ok tiire sahip
cinsler ise; Crocus L. (4) ve Muscari L. (4) cinsleridir. ~ Alanda tespit edilen taksonlarin
%40.75 ’sisoganli, % 25.9’ siyumrulu, % 24.1’irizomlu ve % 9.25’ i kormludur. Ekolojik caligmalardaise,
tiirlerin yetisme ortamlarindan alinan toprak 6rneklerinin, fiziksel ve kimyasal 6zellikleri belirlenmistir.
Ayrica, aragtirma alanindaki tiirlerin tehlike kategorileri ile tiirleri tehdit eden faktorler orta konmus ve
bu tehditlere kars1 koruma onerileri getirilmistir.
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GIRIS

Ulkemiz iklim ve toprak gesitliligi sayesinde
yabani olarak yetisen bitki tiirleri agisindan oldukca
zengin bir floraya sahiptir. Yilin biiyiik ¢gogunlugunu
toprak altinda gegiren, geofit ya da kriptofit olarak
bilinen bitkiler de, iilkemizdeki floristik zenginligin
onemli bir pargasini olustururlar. Geofit bitkilerin
tomurcuklar1 tasiyan govdeleri toprak seviyesinin
altinda sogan, yumru veya seklinde
metamorfoza ugramistir. Geofitlerin biiyiik kismi
ilkbaharda c¢icek acar ve bir bakima ilkbaharin
habercisidirler. Cicekleri oldukca gosterisli olup,

rizom

zarif duruslar1 ve hos kokulariyla insanlarin hemen
dikkatini ¢ekerler (Satil ve Selvi, 2007; Baskose ve
ark., 2013).

Geofit bitkilerin de yogun yayilis gosterdigi Kaz
dagi, bitki ¢esitliligi acisindan iilkemizin Onemli
bitki alanlarindan (OBA) birisidir (Ozhatay ve
ark., 2003). Bolgede bugiine kadar bir¢cok botanik
(Karamanoglu, 1964; Ozel,
1993). Ayrica, son yillarda Kaz dagi ve ¢evresinde

calisma yapilmistir

gerceklestirilen floristik aragtirmalar ile ¢ok sayida
yeni taksonlar belirlenmistir (Gemici, 1995; Ozhatay
ve Akalin, 2000; Dirmenci, 2005; Dirmenci ve ark.,
2006).

Bununla birlikte, bdlgenin geofitleri {iizerine
yapilmig ayrintili ¢alismalar yok denecek kadar

azdir. Uysal (1999) tarafindan Kazdagi endemik
soganlilarindan Allium reuterianum Boiss ve A.
sibthorpianum Schultes & Schultes fil. tiirlerinin
ekolojik
calisilmigtir. Uysal ve Tunali (2013) tarafindan

morfolojik, anatomik ve ozellikleri
yapilan baska bir ¢aligmada; Kazdagi subalpinik
bolgesinde dogal yayilis gosteren, Tulipa sylvestris
L., Scilla bifolia L., Crocus gargaricus Herb.
subsp. gargaricus, Muscari bourgaei Baker, Gagea
bohemica Schult. f.,
O. sigmoideum Freyn&Sint., Allium kurtzianum
Asch.&Sint.
subsp. guttatum, A. sibthorpianum Schult.&Schult.
f. tirlerinin morfolojik, anatomik ve ekolojik
ozellikleri incelenmis ve yetistikleri alanlardan

Ornithogalum nutans L.,

ex Kollmann, A. guttatum Stev.

alinan toprak ornekleri, fiziksel ve kimyasal yonden
analiz edilmistir. Satil ve Selvi (2007) tarafindan,
Balikesir il sinirlari dahilinde yayilis gdsteren Crocus
L. tiirlerinin taksonomik, morfolojik, anatomik
ve ekolojik o6zellikleri incelenmistir. Hopa ve ark.
(2013) tarafindan, Balikesir’de yayilis gosteren
Muscari comosum (L.) Mill. M. neglectum Guss., M.
latifolium J. Kirk. ve M. bourgaei Baker tiirlerinin

morfolojik ve ekolojik 6zellikleri arastiriimistir.

Bu ¢alismada, Kaz dagi’nin uzantist konumunda
olan ve kuzeydogusunda yer alan Katran Dagi
(Bayrami¢/Canakkale) ve yayilis
gosteren geofit bitkiler tespit edilerek bu taksonlarin

¢evresinde

ekolojik ozellikleri ortaya konulmustur.
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Sekil 1. Caligsma alaninin haritasi
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Katran Dag1 (Bayramic/Canakkale) ve Cevresinde Yayilis Gosteren Geofit Bitkiler ve Ekolojik Ozellikleri

MATERYAL VE YONTEM

Calisgmamizin materyalini Katran dagi ve
cevresinde dogal olarak yayilis gdsteren soganh

bitkiler olusturmaktadir (Sekil 1).

Arazi caligmalari, vejetasyon donemlerinde,
Karakdy Orman Isletme Sefligi sinirlari icersindeki
Katran dag1 ve ¢evresinde yapilmistir.

Teshis edilen ornekler herbaryum materyali
haline getirilerek Balikesir
Fen-Edebiyat  Fakiiltesi
Herbaryumu’nda muhafaza altina alinmistir. Ayrica

Universitesi
Biyoloji Bolimi
orneklerin toplanmasi esnasinda teghis i¢in gerekli
olan 6rneklere ait korm tunikasi tipi, perigon bogazi
rengi, tepal ucu ve rengi, stilus dal sayis1 gibi bazi
onemli morfolojik 6zellikler kaydedilmistir.

Tirlerin teshislerinde basta Flora of Turkey,
Avrupa Floras1 ile Canakkale ve Balikesir’de
yapilmis olan flora ¢alismalarindan faydalanilmigtir
(Tutin ve Heywood 1964; Davis ve ark., 1965;
Davis 1978; Davis, 1984; Davis, 1988; Giiner ve
ark., 2000; Tunali, 2005; Satil ve Selvi, 2007,
Hopa ve ark., 2013). Endemik ve nadir taksonlarin
tehlike kategorileri, Ekim ve ark.(2000) ve IUCN
(2003) kriterlerine gore yapilmistir.

Ekolojik
ontine alinarak

calismalar,
secilen
gergeklestirilmigtir.

arazi sartlart g0z
19 farkh
Toprak ornekleri,

istasyonda
usuliine
uygun olarak 0-20 cm derinlikten alinarak polietilen
torbalarla laboratuvara getirilmistir. Laboratuvar

Cilt / Volume: 6, Say1/ Issue: 3, 2016

kosullarinda kurutulan toprak Orneklerinde; pH,
Toplam Tuz (elektriksel iletkenlik), Tekstiir, Zn
(Cinko), Fe (Demir), Cu (Bakir), Mn (Mangan), P
(Fosfor), K (Potasyum), Organik Madde, Toplam
Azotve Kire¢ miktarlarinin analizlerine bakilmistir.
Analiz sonuglarinin yorumlanmasi Kagar’a (1997)
gore yapilmistir.

Topraktaki fiziksel ve kimyasal analizler,
Balikesir Universitesi Rektorliigii, Bilim ve
Teknoloji Uygulama ve Arastirma Merkezi

Laboratuvarinda yapilmistir.

BULGULAR VE TARTISMA

Arastirma sonucunda, Katran dagir ve
cevresinde 16 familyaya ait 36 cins ve 54 geofit

bitki taksonu tespit edilmistir (Cizelge 1).

Dagdaki
Orchidaceae, 7 cins ve 11 taksonla temsil edilen

geofit familyalar icerisinde

en biliyik familyadir. Bu familyay1 sirasiyla;
Asparagaceae (5 cins) ve Liliaceae (4 cins)
familyalar1 takip etmektedir (Cizelge 2 ).

Tespit edilen taksonlar toprak alt1 organlarinin
tiplerine gore 4 farkli geofit tipine ayrilir.

Bu geofitlerin 22’si soganl bitkiler (%40.75),
14’4 yumrulu (%25.9), 13’4 rizomlu (%24.1)
ve 5’1 de korm’lu bitkilerdir (%9.25). Kormlu
bitkiler sadece Iridaceae familyasinda gdzlenmistir

(Cizelge 1).
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Katran Dag1 (Bayramic/Canakkale) ve Cevresinde Yayilis Gosteren Geofit Bitkiler ve Ekolojik Ozellikleri

Cizelge 2. Katran dagi’ndaki geofit familyalarin cins ve takson sayilari

Familya Cins Takson Sayisi
Amaryllidaceae 3 5
Aracaceae 1 1
Asparagaceae 5 10
Asteraceae 3 3
Brassicaceae 1 1
Caprifoliaceae 1 1
Colchicaceae 1 1
Geraniaceae 1 1
Iridaceae 3 7
Liliaceae 4 6
Orchidaceae 7 11
Paeoniaceae 1 1
Papaveraceae 1 1
Primulaceae 1 1
Ranunculaceae 2 3
Xanthorrhoeaceae 1 1
Toplam 36 54

TiirkiyeFlorasiverilerine gorearastirmaalanindaki (% 10.9) elementi oldugu belirlenirken, 16 taksonun
geofitlerin fitocografik dagilimi incelendiginde; (% 29.1) hangi fitocografik bdlgeye ait oldugu
geofitlerden 17’°sinin Akdeniz (% 30.9), 16’sinin  belirlenememistir (Cizelge 3).

Dogu Akdeniz (% 29.1), 6’sinin Avrupa-Sibirya

Cizelge 3. Arastirma alanindaki geofitlerin fitocografik dagilimi

Fitocografik Bolge Say1 Oran %
Iran-Turan Elementi - -
Akdeniz Elementi 16 30.9
Dogu Akdeniz Elementi 16 29.1
Avrupa-Sibirya 6 10.9
Digerleri 16 29.1
Toplam 54 100

Alanda yayilig gosteren taksonlarin Tiirkiye Bitkileri ~ kategorilerine gore degerlendirilmesi Cizelge 4’de
Kirmizi Kitab1 (2000) ve IUCN (2003)’ e gore tehlike — verilmistir.

Cizelge 4. Katran dag1 ve gevresinde yayilig gosteren geofitlerin tehlike kategorileri

Taksonlar Tehlike Kategorisi Endemizm
Crocus candidus E.D. Clarke NT Endemik
C. flavus Weston subsp. dissectus T. Baytop & Mathew VU Endemik
C. gargaricus Herb. subsp. gargaricus NT Endemik
Cyclamen hederifolium Aiton VU -
Fritillaria bithynica Baker NT Endemik
Gagea bithynica Pasch. LC Endemik
Lilium candidum L. VU -
Muscari bourgaei Baker LC Endemik
M. latifolium J. Kirk. LC Endemik
Sternbergia lutea (L.) Ker-Gawl. ex Spreng. EN -
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Katran Dag1 (Bayramic/Canakkale) ve Cevresinde Yayilis Gosteren Geofit Bitkiler ve Ekolojik Ozellikleri

Tiirlerin yayilis gosterdigi 19 farkli istasyondan
alinan topraklarin analiz sonuglarina gore (Cizelge 5);
aragtirma alanindaki topraklarin tekstiirii genellikle
killi-tinli yapidadir. Toprakta tuz orami ¢ok yiiksektir.
Toprak pH’s1 orta siddetli asit veya notr karakterdedir.
Topraklar az kireglidir. Genel olarak tiirlerin yayilig
gosterdigi alanlar organik madde bakimindan zengindir.
Topraklar fosfor bakimindan ¢ok yiiksek ve potasyum
bakimindan ise yeterli diizeydedir.

SONUC
Floristik Sonuclar

Aragtirma sonucunda, Katran dagi ve ¢evresinde 16
familyaya ait 36 cins ve 54 geofit bitki taksonu tespit
edilmistir.

Calisma sonuglari, Kuzeybati ve Bati Anadolu
Bolgesinde yapilan diger floristik ¢aligmalarla
karsilastirildiginda benzerlik gostermektedir.
Aragtirma alaninda 6zellikle Akdeniz ve Dogu Akdeniz
elementlerinin daha fazla oldugu goriilmektedir.
Calisma alan1 Akdeniz Bélgesi Iklim tipini yansittig
i¢in bu sonuglar normaldir.

Yapilan floristik analizler sonucunda alanda yayilis
gosteren 5 takson: Cyanus pichleri subsp. pichleri,
Ornithogalum  wiedemannii, — Gagea  bithynica,
Tragopogon dubius ve Hesperis matronalis  subsp.
matronalis B1 karesi ig¢in yeni kare kaydi olduklar
tespit edilmistir.

Ayrica, Crocus candidus, C. flavus subsp. dissectus,
C. gargaricus subsp. gargaricus, Muscari latifolium,
M. bourgaei, Gagea bithynica, Fritillaria bithynica
tirleri de Katran dagi ve ¢evresinde yayilis gosteren
endemik geofitlerdir.

Ekolojik Sonuclar

Aragtirma alan1 g¢evresinin iklimi, jeolojik yapisi,
farkli topografyasi ve vejetasyonundaki cesitlilik,
alanda degisik 6zelliklere sahip topraklarin olusmasina
neden olmustur. Kog¢ (2007)’a gore; bolgedeki
baslica toprak cesitleri; Kiregsiz Kahverengi Orman
Topraklari, Kahverengi Orman Topraklar, Aliivyal
Topraklar, Koliivyal Topraklar ve Yiiksek Dag Cayir
Topraklar olarak siralanabilir. Toprak 6zellikleri iklim
ozelliklerinin degisimine bagh olarak kuzey ve giiney
yamaglan ile yiikseltiye bagli olarak degismektedir.
Genel hatlan ile algak alanlarda aliivyal ve koliivyal,
verimli topraklar daha yaygindir. Yiikseklere dogru
gidildikge orman topraklar1 daha yaygin hale
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gelmektedir. Zirveler bolgesinde toprak ortiisii iyice
incelmekte ve yerini fiziksel ufalanmanmn {rlini tag
ortiistine birakmaktadir.

Arastirma alanindaki 19 istasyondan alinan toprak
orneklerinde yapilan analiz sonuglarina gore; genel
olarak tiirlerin organik madde bakimindan zengin, orta
siddetli asit veya notr ve az kirecli topraklarda yetistigi;
tekstiiriin killi-tinli oldugu tespit edilmistir. Toprak
Oomegi alman lokalitelere bakildiginda bitkilerin tuz
orant ¢ok yiiksek ortamlarda gelisme gosterdikleri
goriilmistiir. Topragin azot bakimindan zengin, fosfor
bakimindan ¢ok yiiksek ve potasyum bakimindan ise
yeterli oldugu goriilmiistiir.

Kaz daginda Uysal (1999) tarafindan Allium
reuterianumve A. sibthorpianum tiirleriiizerinde yapilan
ekolojik caligmalarda her iki tiiriin de tuz icermeyen,
kumlu-tinli topraklar1 seven, organik madde, nitrojen,
fosfor ve potasyum bakimindan yeterli ya da zengin
topraklarda yayilis gosterdigini vurgulamistir. Bizim
caligmalarimizda ayn1 familyadan Galanthus gracilis
ile kiyasladigimizda tekstiir yapisinin killi olmasi ve
yiiksek oranda tuz icermesi disindaki diger ekolojik
karakterlerin benzer oldugu goriilmektedir.

Katran dagi ve g¢evresinde yayilis gOsteren geofit
bitkilerin biiylik cogunlugu yar1 golge ya da golge
alanlaritercih ederler. Genelde tiirlerin biiyiik cogunlugu
Pinus equi-trojana-Fagus
Quercus cerris tiirli agaglarin olugturdugu ormanlarin
altinda ya da yar1 golge kisimlarinda bulunurlar. Ayrica;
5 tiir (% 9) maki ve garigte, 8 tiir (% 15) ekili alanlarda
ve bahgelerde, 4 tiir (% 7) yliksek daglarda ve 37 tiir
(%69)ormanlardabulunmaktadir. Ormankenarlarindaki
aciklik veya yar golgeli kisimlar, cayirlik alanlar,
nemli dere i¢leri, yiiksek daglik alanlar, ekili alanlarda
ve bahgelerde, taslilik oraninin fazla oldugu yetisme
ortamlarinda bulunurlar. Tam giinesli bakilarda ¢igek
Omiirleri kisa olmaktadir. Genelde kuzey ve giiney
bakilarda yetisirler. Yetisme ortamlarindaki topraklar
kill-tinl1, hafif ve gevsek, organik maddece zengin, iyi
drene olmustur.

nigra-Abies orientalis-

Katran dagi1 ve cevresindeki geofit bitki ¢esitliligi
birbiriyle yakin iligkili birgok etmenin baskis1 ve tehdidi
altindadir. Bu etmenlerin en basinda, antropojenik etki
gelmektedir. Ayrica; tarlalarin agilmasi, asir1 otlatma
yapilmasi, yangin yapici etmenlerin arttirilmasi ve
habitatlarin yok edilmesi gibi faaliyetler, alandaki
geofit bitkilerin hayatin1 tehlikeye sokmaktadir.
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A Study on Diurnal and Nocturnal Lepidoptera in Osmaniye, Turkey
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ABSTRACT: In this study, the fauna of diurnal and nocturnal Lepidoptera which are active day and night
has been investigated in the east of the Mediterranean region of Turkey, Osmaniye province. Field studies
were carried out during the years 2006-2008. By using sweep net and light traps a total of 407 specimens
of butterflies and moths were collected from six different localities for this study. These specimens
belong to 56 diurnal and 31 nocturnal species distributed in 14 families. The distribution of species,
according to families, is as follows: Zygaenidae, 2; Hesperiidae, 5; Nymphalidae, 21; Papilionidae, 1;
Pieridae, 11; Lycaenidae, 13; Crambidae, 2; Pyralidae, 1; Drepanoidae, 1; Lasiocampidae, 1; Sphingidae,
1; Geometridae, 10; Erebidae, 9 and Noctuidae, 9. The evaluation of literature revealed that all of the
butterflies and moths species determined in this study are newly recorded for the Lepidoptera fauna of
Zorkun plateau in the Osmaniye province.

Keywords: Biodiversity, butterfly, hasanbeyli, moth, zorkun

Osmaniye’de Diurnal ve Nocturnal Lepidoptera Tiirleri Uzerine
Bir Arastirma

OZET: Bu calismada, Tiirkiye’nin Akdeniz bolgesinin dogusunda bulunan Osmaniye Ilinde,
gece ve gilindiliz aktif olan Lepidoptera takimi iizerine bir arastirma yapilmustir. Arazi ¢alismalari
2006-2008 yillarinda gerceklesmistir. Bu calisma igin giindiiz ve gece arazi ¢alismalari
sirasinda atrap ve 1sik tuzaklar1 kullanarak, alt1 farkli lokaliteden toplam 407 ornek toplanmistir.
Bu orneklerden, 56 tiir giindiiz ve 31 tiir ise gece aktif olan Lepidoptera takimina ait tiirler
oldugu tespit edilmistir. Tiir sayisinin, familyalara goére dagilimi ise su sekilde: Zygaenidae, 2;
Hesperiidae, 5; Nymphalidae, 21; Papilionidae, 1; Pieridae, 11; Lycaenidae, 13; Crambidae, 2; Pyralidae,
1; Drepanoidae, 1; Lasiocampidae, 1; Sphingidae, 1; Geometridae, 10; Erebidae, 9 ve Noctuidae, 9. Bu
calismada tespit edilen kelebek ve giive tiirlerinin tamami, Osmaniye Ili Zorkun yaylas1 Lepidoptera
faunasi i¢in yeni kayittir.

Anahtar Kelimeler: Biyocesitlilik, giive, hasanbeyli, kelebek, zorkun
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INTRODUCTION

The Lepidoptera, commonly known as butterflies
and moths, is one of the major insect orders, both in
terms of size, with some 160.000 described species in
more than 120 families, and in popularity, with many
amateur and professional entomologists studying
them, especially butterflies (Gullan and Granston,
2010). The lepidopteran members have received more
attention from entomologists and naturalists than
any other insects, and certain Lepidoptera have been
important in the development of ideas in evolutionary
biology and ecology (Daly et al., 1998).

Lepidoptera is one of the largest orders among
insects in terms of the number of species. Studies
carried out in Turkey to determine the fauna and
distribution of Lepidoptera are not complete yet. There
are a lot of faunistic, taxonomic and ecologic studies
about the Lepidoptera fauna of Turkey. The following
represents a selected list of faunistic, ecologic and
taxonomic studies pertaining the Lepidoptera fauna
of the study area, these are arranged in chronological
order: Rober, 1896; Rober, 1897; Staudinger, 1899;
1929; Pfeiffer, 1931; 1960;
Higgins, 1966; Kocak, 1979; Leestmans et al.,
1986; Oorschot and Brink, 1989; Kog¢ak and Seven,
1994; Hesselbarth et al., 1995; Ko¢ak and Kemal,
2008; Kocak and Kemal, 2009; Kog¢ak and Kemal,
2012; Atay and Yolcu, 2012; Hiiseyinoglu, 2013 and
Hiiseyinoglu, 2014.

Wagener, Forster,

The study area is located in Osmaniye province,
Turkey. The Hasanbeyli and Zorkun plateaus are
located in the eastern side of the Mediterranean
region, Osmaniye province (Turkey). The Hasanbeyli
and Zorkun plateaus are of significant research
interest because of different ecosystem types in both
forests and agricultural lands.

According to (Karagetin and Welch, 2011) a total
of 380 butterfly species distributed in five families
have been recorded in Turkey. From the 87 species
collected in the study area, only, butterflies species
have been reported for the Hasanbeyli plateau
(Hesselbarth et al., 1995), and there is not any record
about the moths in this area. Also there is not any
record about butterflies and moths in the Zorkun
plateau from the study area.
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The objectives of this study were to investigate
the butterflies and moths fauna of the Hasanbeyli
and Zorkun plateaus in the Osmaniye province and
to contribute to the knowledge of the Lepidoptera
species and their distribution in Turkey.

MATERIAL AND METHOD

This study was conducted during the years 2006
and 2008 in the Hasanbeyli and Zorkun plateaus
(Osmaniye province) of Turkey in order to determine
the diurnal and nocturnal lepidopteran fauna in the
area. The specimens collected from the study area
were taken from six stations, each with different
localities and habitat types between altitudes 600 and
1700 m. These stations are listed in Table 1.

The field studies were carried out during May and
June (from 2006 to 2008). Specimens were collected
using sweep net and light traps. Collected specimens
were placed in killing jars with ethyl acetate. The
collection data, name of the locality altitude and
geographic coordinates were noted on an envelope
for every specimen collected. Each specimen
was then put into this envelope. All the material
was brought to the laboratory for preparation and
identification. All the butterfly and moth specimens
were pinned with wings spread, dried and put into
collection boxes in the Entomological Research
Laboratory of the Department of Biology, Mersin
University. Identifications were based on different
publications and reference books as: Hesselbarth et
al., 1995; Fibiger, 1997; Kitching and Cadiou, 2000;
Hausmann, 2001; Hacker et al., 2002; Goater et al.,
2003; Miranov, 2003; Hausmann, 2004; Goater et al.,
2005; Zilli and Ronkay, 2005; Fibiger and Hacker,
2007; Schintlmeister, 2008; Fibiger et al., 2009;
Redondo et al., 2009; Skinner, 2009; Fibiger et al.,
2010; Fibiger et al., 2011; Hausmann and Viidalepp,
2012 and author’s reference collections.

All the collected material was kept in the
Entomological Research Laboratory ofthe Department
of Biology, Mersin University. The specimens have
been collected from different stations during the
six field studies. The altitudes, collecting dates and
geographic coordinates of all collecting localities, are
chronologically listed in Table 1.
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Table 1. Geographic information about field studies and collecting data in the Osmaniye, Turkey

Locality Altitude Date of Collection Coordinates
Hasanbeyli plateau 600 m 5.V.2006 37°08"23" N;36°29' 07" E
Hasanbeyli, Kaypak 1100 m 25.V.2006 37°06"41"N; 36° 27" 17" E
Zorkun, Dervis Piari 1500 m 9.V1.2007 36° 58" 15" N; 36" 20' 56" E
Kiillii N. 1700 m 9.V1.2007 36° 57" 09" N; 36° 23" 54" E
Zorkun, Kent Ormant 800 m 10.V1.2007 37°01' 19" N; 36° 16" 30" E
Zorkun, Cift Mazi 800 m 5.V1.2008 37° 01" 10" N; 36° 18" 17" E
RESULTS AND DISCUSSION Total species numbers according to families are as

During the field surveys, 407 butterfly and moth follows: Zygaenidae (2); Hesperiidae (5); Nymphalidae
specimens have been collected. In this study, a total ~ (21); Papilionidae (I); Pieridac (11); Lycaenidae
of 87 (56 diurnal and 31 nocturnal) species belonging ~ (13); Crambidae (2); Pyralidae (1); Drepanoidae (1);
to 61 genera within fourteen families and eight Lasiocampidae (1); Sphingidae (1); Geometridae (10);
superfamilies’ of Lepidoptera order were identified. = Erebidae (9) and Noctuidae (9).

Table 2. Number of genera, species and Rates of families in the study area, Osmaniye, Turkey.

Superfamily Family Number of Genera Number of Species Rate %
Zygaenoidea Zygaenidae 2 2 2.30
Papilionoidea Hesperiidae 4 5 6.00
Nymphalidae 14 21 24.10

Papilionidae 1 1 1.00

Pieridae 6 11 13.00

Lycaenidae 6 13 15.00

Pyraloidea Crambidae 2 2 2.30
Pyralidae 1 1 1.00

Drepanoidea Drepanoidae 1 1 1.00
Lasiocampoidea Lasiocampidae 1 1 1.00
Bombycoidea Sphingidae 1 1 1.00
Geometroidea Geometridae 8 10 11.50
Noctuoidea Erebidae 7 9 10.40
Noctuidae 7 9 10.40

Total 8 14 61 87 %100

Cilt / Volume: 6, Say1/ Issue: 3, 2016
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The highest number of collected species in
butterflies, according to families, belonged to
Nymphalidae (24.10%) followed by Lycaenidae
(15.00%) and Pieridae (13.00%); and highest number
of species in moths, belonged to Geometridae
(11.50%) followed by Erebidae and Noctuidae
(10.40%). Additionally, all of the families, number
of genera, species and their collecting frequency are
cited in Table 2.

In this study, the highest number of genera
in butterflies, according to families, belonged to
Nymphalidae (14) followed by Lycaenidae and
Pieridae (6); and in moths, belonged to Geometridae
(8) followed by Erebidae and Noctuidae (7).

The list of species has been arranged using the
higher level classification of van Nieukerken et al.,
2011. The systematic list of Lepidoptera species
collected in the Osmaniye province of Turkey and
material examined are as follows:

Clade: APODITRYSIA Minet, 1982
Superfamily: ZYGAENOIDEA Latreille, 1809
Family: Zygaenidae Latreille, 1809

Rhagades pruni ([ Denis and Schiffermiiller], 1775)

Material examined: Osmaniya: Zorkun, Dervis
pmari, 1500 m, 9.V1.2007, 2 4 3.

Zygaena loti (Denis and Schiffermiiller, 1775)

Material examined: Osmaniye: Osmaniye:
Hasanbeyli, Kaypak, 1100 m, 25.V.2006, 4 J.

Clade: Obtectomera Minet, 1986

Superfamily: PAPILIONOIDEA  Latreille,

(1802)

Family: Hesperiidae Latreille, 1809 Carcharodus
alcea (Esper, 1780)

Material examined: Osmaniye: Hasanbeyli plateau,
600 m, 5.V.2006, 3 J'; Zorkun, Dervis pmari, 1500 m,
9.V1.2007,2 33.

Pyrgus melotis (Duponchel, 1834)

Material examined: Osmaniye: Zorkun, Dervis
pmari, 1500 m, 9.V1.2007, 2 43.

Pyrgus serratulae (Rambur, 1839)

Material examined: Osmaniye: Zorkun, Dervis
pmari, 1500 m, 9.V1.2007, 2 4.

Spialia (Neaspialia) orbifer (Hiibner, [1823])
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Material examined: Osmaniye: Hasanbeyli plateau,
600 m, 5.V.2006, 33; Zorkun, Dervis pari, 1500 m,
9.V1.2007, 3.

Thymelicus sylvestris (Poda, 1761) Material

examined: Osmaniye: Hasanbeyli, Kaypak, 1100 m,
25.V.2006, 3.

Family: Nymphalidae Swainson, 1827
Issoria lathonia (Linnaeus, 1758)

Material examined: Osmaniye: Zorkun, Dervis
pmari, 1500 m, 9.V1.2007, 4 3.

Lasiommata megera (Linnaeus, 1767)

Material examined: Osmaniye: Hasanbeyli,
Kaypak, 1100 m, 25.V.2006, 4J; Zorkun, Dervis
pmari, 1500 m, 9.VL.2007, 3&.

Argynnis (Pandoriana) pandora ([Denis and
Schiffermiiller], 1775)

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.V1.2007, &&'; Zorkun, Cift maz,
800 m, 5.V1.2008, 3.

Argynnis paphia (Linnaeus, 1758)

Material examined: Osmaniye: Zorkun, Kent
ormant, 800 m, 10.VI1.2007, 33.

Melitaea athelia (Rottemburg, 1775)

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.VI.2007, 3.

Melitaea (Didymaeformis) didyma (Esper, [1779])
Material examined: Osmaniye: Hasanbeyli, Kaypak,
1100 m, 25.V.2006, 2 4 J3.

Melitaea cinxia (Linnaeus, 1758)

Material examined: Osmaniye: Zorkun, Dervis
pmari, 1500 m, 9.V1.2007, 4J; Killii N., 1700 m,
9.V1.2007, 4.

Melitaea fascelis (Fabricius, 1787)

Material examined: Osmaniye: Hasanbeyli plateau,
600 m, 5.V.2006,2 29,2 &J.

Melitaea phoebe (Denis and Schiffermiiller, 1775)

Material examined: Osmaniye:
Kaypak, 1100 m, 25.V.2006, 33

Vanessa atalanta (Linnaeus, 1758)

Hasanbeyli,

Material examined: Osmaniye: Zorkun, Dervis
pmari, 1500 m, 9.VL.2007, 34&.

Vanessa cardui (Linnaeus, 1758)

Material examined: Osmaniye: Zorkun, Dervis
pmari, 1500 m, 9.V1.2007, 3 & &'; Zorkun; Kent ormant,
800 m, 10.V1.2007, 3 3.
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Hipparchia pellucida (Stauder, 1924)

Material examined: Osmaniye:
Kaypak, 1100 m, 25.V.2006, 3 4J.

Hyponephele Iycaon (Rottemburg, 1775)

Material examined: Osmaniye:
Kaypak, 1100 m, 25.V.2006, 2 43

Kirinia roxelana (Cramer, 1777)

Hasanbeyli,

Hasanbeyli,

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.V1.2007, 2 &J'; Zorkun, Cift mazi,
800 m, 5.V1.2008, 2 3.

Limenitis reducta Staudinger, 1901

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.V1.2007, 2 &&; Zorkun, Cift mazi,
800 m, 5.V1.2008, 2 4J.

Maniola megala (Oberthiir, 1909)

Material examined: Osmaniye: Zorkun, Kent
ormant, 800 m, 10.V1.2007, 2 3J&.

Maniola telmessia (Zeller, 1847)

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.V1.2007, 5 99, 12 4J,; Zorkun,
Cift mazi, 800 m, 5.V1.2008, 3 5.

Melanargia syriaca (Oberthiir, 1894)

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.VL.2007,2 99, 4 3J&; Zorkun, Cift
mazi, 800 m, 5.V1.2008,3 99,5 3J.

Pararge aegeria (Linnaeus, 1758)

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.VI1.2007, 3.

Pseudochazara telephassa (Geyer, [1827])

Material examined: Osmaniye:
Kaypak, 1100 m, 25.V.2006, 3 3 3.

Polygonia c-album (Linnaeus, 1758)

Hasanbeyli,

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.V1.2007, 3.

Family: Papilionidae Latreille, (1802)
Iphiclides podalirius (Linnaeus, 1758)

Material examined: Osmaniye: Zorkun, Dervis
pmari, 1500 m, 9.V1.2007, 343.

Family: Pieridae Duponchel, (1835)
Aporia crataegi (Linnaeus, 1758)

Material examined: Osmaniye: Hasanbeyli,
Kaypak, 1100 m, 25.V.2006, 2 J3; Zorkun, Dervis
pinart, 1500 m, 9.V1.2007, 6 33'; Zorkun, Kent ormani,
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800 m, 10.V1.2007, 2 22, 2 4&; Zorkun, Cift mazi,
800 m, 5.V1.2008, 4J.

Colias crocea (Fourcroy, 1785)

Material examined: Osmaniye: Hasanbeyli,
Kaypak, 1100 m, 25.V.2006, 2 22, 4 43; Zorkun,
Dervis pmari, 1500 m, 9.V1.2007, 3 4J'; Zorkun, Kent
ormani, 800 m, 10.VL.2007, 1 29, 4 &&; Zorkun, Cift
mazi, 800 m, 5.V1.2008, 5.

Gonepteryx cleopatra (Linnaeus, 1767)

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.VL.2007, 4 99, 6 3J&'; Zorkun, Cift
mazi, 800 m, 5.V1.2008,3 99, 6 3.

Gonepteryx farinose (Zeller, 1847)

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.V1.2007, 1 229, 4 3J.

Leptidea duponcheli (Staudinger, 1871)

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.VI.2007, 3.

Leptidea sinapis (Linnaeus, 1758)

Material examined: Osmaniye: Hasanbeyli plateau,
600 m, 5.V.2006, 3 3J.

Pieris brassicae (Linnaeus, 1758)

Material examined: Osmaniye: Hasanbeyli,
Kaypak, 1100 m, 25.V.2006, 2 99, 4 4&; Zorkun,
Dervis pmari, 1500 m, 9.V1.2007,2 29, 5 &J'; Zorkun,
Kent ormani, 800 m, 10.VI1.2007,3 22, 8 &'; Zorkun,
Cift maz1, 800 m, 5.V1.2008,2 99, 5 4J.

Pieris (Artogeia) mannii (Mayer, 1851)
Material examined: Osmaniye: Zorkun, Dervis pinari,
1500 m, 09 June, 2007, 3 3J.

Pieris (Artogeia) pseudorapae Verity, 1908

Material examined: Osmaniye: Zorkun, Dervig
pmnart, 1500 m, 09 June, 2007,2 29, 3 3J.

Pieris (Artogeia) rapae (Linnaeus, 1758)

Material examined: Osmaniye: Hasanbeyli,
Kaypak, 1100 m, 25.V.2006, 2 3J&; Zorkun, Dervis
pinart, 1500 m, 9.V1.2007, 3 229, 8 &J'; Zorkun, Kent
ormani, 800 m, 10.VI1.2007, 3 99, 8 &J; Zorkun, Cift
maz1, 800 m, 5.V1.2008, 3 3J3.

Pontia edusa (Fabricius, 1777)

Material examined: Osmaniye: Hasanbeyli plateau,
600 m, 5.V.2006, 2 JJ; Hasanbeyli, Kaypak, 1100
m, 25.V.2006, 6 4J'; Zorkun, Dervis pimari, 1500 m,
9.V1.2007, 4 33.

Family: Lycaenidae Stephenes, 1829
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Glaucapsyche alexis (Poda, 1761)

Material examined: Osmaniye: Hasanbeyli plateau,
600 m, 5.V.2006,2 29,4 3J.

Iolana iolas (Ochsenheimer, 1816)

Material examined: Osmaniye: Zorkun, Dervis
pmari, 1500 m, 9.V1.2007, 3&.

Celastrina argiolus (Linnaeus, 1758)

Material examined: Osmaniye: Zorkun, Dervis
pmari, 1500 m, 9.V1.2007, &&'; Zorkun, Kent ormanti,
800 m, 10.V1.2007, 2 4.

Lycaena (Alciphronia) alciphron (Rottemburg,
1775)

Material examined: Osmaniye: Zorkun, Dervis
pmari, 1500 m, 9.V1.2007,3 22, 7 4J; Kiillii N., 1700
m, 9.V1.2007, 4.

Lycaena phlaeas (Linnaeus, 1761)

Material examined: Osmaniye: Zorkun, Dervis
pinari, 1500 m, 9.V1.2007, 2 &3'; Zorkun, Kent ormant,
800 m, 10.V1.2007, 4&'; Zorkun, Cift mazi, 800 m,
5.V1.2008, 33

Lycaena (Loweia) tityrus (Poda, 1761)
Material examined: Osmaniye: Zorkun, Dervis pinari,
1500 m, 9.V1.2007, 2 4 3.

Polyommatus (Aricia)
Schiffermiiller], 1775)

Material examined: Osmaniye: Hasanbeyli plateau,
600 m, 5.V.2006, 83; Zorkun, Dervis pinari, 1500
m, 9.V1.2007, 3 &&; Zorkun; Kent ormani, 800 m,
10.V1.2007, 33'; Zorkun, Cift mazi, 800 m, 5.V1.2008,
33.

Polyommatus (Sublysandra) cornelius (Freyer,
[18507)

Material examined: Osmaniye: Zorkun, Dervis
pmari, 1500 m, 9.V1.2007, 3.

Polyommatus icarus Rottemburg, 1775

agestis ([Denis and

Material examined: Osmaniye: Hasanbeyli plateau,
600 m, 5.V.2006, 1 29, 2 &J; Zorkun, Dervis pmari,
1500 m, 9.V1.2007, 4 229, 4 &3 Zorkun; Kent orman,
800 m, 10.V1.2007, 2 99, 5 &&; Zorkun, Cift mazi,
800 m, 5.V1.2008, 4J.

Polyommatus semiargus (Rottemburg, 1775)

Material examined: Osmaniye: Zorkun, Dervis

pmari, 1500 m, 9.VL.2007,2 22, 6 &J.
Satyrium (Nordmannia) acaciae (Fabricius 1787)
Material examined:

Osmaniye: Hasanbeyli,
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Kaypak, 1100 m, 25.V.2006, 3J.
Satyriun (Nordmannia) ilicis (Esper, 1779)

Material examined: Osmaniye: Zorkun; Kent
ormani, 800 m, 10.V1.2007,2 29, 5 8&; Zorkun, Cift
mazi1, 800 m, 5.V1.2008, 2 4J.

Satyrium (Strymonidia) spini (Fabricius 1787)

Material examined: Osmaniye:
Kaypak, 1100 m, 25.V.2006, 3J.

Superfamily: PYRALOIDEA Latreille, 1809
Family: Crambidae Latreille, 1810

Pyrausta sanguinalis (Linnaeus, 1767)

Hasanbeyli,

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, JJ.

Palpita vitrealis (Rossi, 1794)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, 4J.

Family: Pyralidae Latreille, 1809
Dioryctria mendacella (Staudinger, 1859)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, 2J.

Clade: MACROHETEROCERA Chapman,
1893

Superfamily: DREPANOIDEA Boisduval, 1828
Family: Drepanidae Boisduval, 1828
Cilix glaucata (Scopoli, 1763)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, JJ.

Superfamily: LASIOCAMPOIDEA Harris, 1841
Family: Lasiocampidae Harris, 1841
Dendrolimus pini (Linnaeus, 1758)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, 4J.

Superfamily: BOMBYCOIDEA Latreille, 1802
Family: Sphingidae Latreille, 1802
Deilephila elpenor (Linnaeus, 1758)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, &3

Superfamily: GEOMETROIDEA Leach, 1815
Family: Geometridae Leach, 1815
Ascotis selenaria (Denis and Schiffermiiller, 1775)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, 4J.

Gnophos sartata Treitschke, 1827
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Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, 2 3J.

Hypomecis punctinalis (Scopoli, 1763)

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.V1.2007, 2 4J'; Zorkun, Cift mazi,
800 m, 5.V1.2008,2 9%, 8 4.

Hypomecis roboraria (Denis and Schiffermiiller,
1775)

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.VI1.2007, 2 4J'; Zorkun, Cift mazi,
800 m, 5.V1.2008, 5 4J.

Camptogramma bilineata (Linnaeus, 1758)

Material examined: Osmaniye: Kiilli N., 1700 m,
9.V1.2007, 2 443.

Eulithis testata (Linnaeus, 1761)

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.V1.2007, 3 3.

Cyclophora puppillaria (Hiibner, 1799)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, 2 4.

Idaea consanguinaria (Lederer, 1853)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008,2 22,3 4.

Scopula imitaria (Hiibner, 1799)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, 3J.

Scopula ochraceata (Staudinger, 1901)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, JJ3.

Superfamily: NOCTUOIDEA Latreille, 1809
Family: Erebidae Leach, 1815
Amata marjana (Stauder, 1913)

Material examined: Osmaniye: Kiilli N., 1700 m,
9.V1.2007,2 99,3 44.

Amata phegea (Linnaeus, 1758)

Material examined: Osmaniye: Kiilli N., 1700 m,
9.V1.2007,2 92,4 343.

Eilema muscula (Staudinger, 1899)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, 1 29,3 JJ.

Catocala conversa (Esper, 1783)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, 3J.

Catocala eutychea Treitschke, 1835

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.V1.2007,4 99, 11 &3'; Zorkun, Cift
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maz1, 800 m, 5.V1.2008,3 92, 12 4J.
Dysgonia algira (Linnaeus, 1767)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008,1 22,4 4.

Euclidia (Euclidia) glyphica (Linnaeus, 1758)

Material examined: Osmaniye: Kiillii N., 1700 m,
9.V1.2007, 43.

Ophiusa tirhaca (Cramer, 1773)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, 3J.

Ocneria (Parocneria) detrita (Esper, [1785])

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.VI.2007, 3.

Family: Noctuidae Latreille, 1809
Acronicta aceris (Linnaeus, 1758)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, 2 4.

Acontia (Emmelia) trabealis (Scopoli, 1763)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, 4.

Noctua orbona (Hufnagel, 1766)

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.VI.2007, 3.

Hoplodrina ambigua (Denis and Schiffermiiller,
1775)

Material examined: Osmaniye: Zorkun, Cift mazi,
800 m, 5.V1.2008, 2 3 J.

Mythimna (Hyphilare) [-album (Linnaeus, 1767)

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.V1.2007, 2 3.

Mythimna (Prodigithymna) prominens (Walker,
1856)

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.V1.2007, 2 3J.

Mpythimna (Pseudaletia) unipuncta (Haworth,
1809)

Material examined: Osmaniye: Zorkun, Kent
ormani, 800 m, 10.V1.2007, 4 3J.

Peridroma saucia (Hiibner, 1808)

Material examined: Osmaniye:
ormani, 800 m, 10.VI.2007, 3.

Autographa gamma (Linnaeus, 1758)

Zorkun, Kent

Material examined: Osmaniye: Zorkun, Dervig
pmari, 1500 m, 9.V1.2007, 2 & 3.
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CONCLUSION

Detailed
determination of the biological richness in all the

studies must be done for the
regions of Turkey. At this point, there is not sufficient
faunistic, taxonomic and ecological information in

the literature about the Osmaniye.

In industrialized countries Lepidoptera species
are confronted with extinction due to environmental
pollution, destruction of biotopes, as well as factors
such as the effect of pesticides and chemicals.
In addition to this, some species are in danger of
extinction as a result of over-collection for commercial
purposes. Also, the continuing illegal use of forests
and incorrect land use practices threaten to destroy
the fauna diversity in the Osmaniye; therefore,
illegal use of forests, incorrect land use and also the
unconscious and excessive collecting of butterfly and
moth specimens should be avoided and punished with
legal sanctions. Additionally, detailed studies should
be carried out as quickly as possible to determine the
biological diversity of the Osmaniye.

This is the first study of the Lepidoptera fauna
in the Osmaniye. The different ecosystem types in
both agricultural lands and forests in the study area,
provide richness in habitat types for animals and
plants. For proper and efficient sampling, butterfly
and moth species were collected in different localities
possessing different vegetation types (agricultural
crops, Pinus, Quercus and Cedrus forests, steppe and
herbaceous) and from altitudes 600 to 1700m.

During the six field studies a total of 87 species
belonging to fourteen families and eight superfamilies
of Lepidoptera order were collected. 51 butterfly and
36 moth species were identified from the study area.
All of the diurnal and nocturnal Lepidoptera species
which were identified in this study, are first records
for the Lepidoptera fauna of Zorkun plateau in the
Osmaniye province. Additionally, all of the moth
species, are newly records for Hasanbeyli plateau.

This study has contributed to the knowledge
of the Lepidoptera fauna of the Osmaniye in the
Eastern Mediterranean region of Turkey. Faunistic,
ecologic and taxonomic studies from this region are
very limited in number. New studies considering
other insect groups should be carried out before
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agricultural and forest ecosystems are destroyed.
Also, plant species used by Lepidoptera as a source
of food, should be identified and protected.
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Te-99m ile Isaretli Kurkumin Yiiklii Kati Lipit Nanopartikiillerin
Karaciger-Dalak Sintigrafisindeki Rolii
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OZET: Son zamanlarda, hastaliklarin tani ve tavisini kolaylastirmak amaciyla, nanoteknoloji ve
molekiiler goriintiileme alanlari, ¢ok fonksiyonlu nanopartikiillerin olusturulmasi ile birlestirilmistir.
Nanopartikiillerden olusturulan yeni nesil goriintiileme ajanlarinin sahip oldugu ¢ok yonlii ve essiz
ozelliklerinden faydalanan alanlardan biriside niikleer tip alanidir. Yapilan bu c¢alismada; kurkumin
yiikli kati lipit nanopartikiillerin (K-KLN) karaciger ve dalak sintigrafisinde kullanilabilirliligi
arastirildi. Oncelikle, kurkumin yiiklii kat1 lipit nanopartikiiller (K-KLN) mikroemiilsiyon ve diisiik-
sicaklikda katilagtirma yontemiyle hazirlandi. Lazer kirinimi (LD) analizi ile partikiil boyutu belirlendi.
Termogravimetrik analizi (TGA) ile K-KLN’lerin sicakliga kars1 stabil oldugu gézlemlendi. Daha sonra
K-KLN’ler Teknesyum-99m (*"Tc) ile radyoaktif olarak isaretlendi. ince katman kromatografi yéntemi
ile radyoaktif isaretleme etkinligi %95’den daha fazla olarak bulundu. *"Tc-K-KLN’ler intravendz (i.v.)
olarak tavsana enjekte edildi ve gama kamera ile dinamik goriintiiler kaydedildi. Elde edilen dinamik
goriintiilerde karaciger ve dalak belirgin bir sekilde goriintiilendi. Sintigrafik bulgulara ek olarak
yapilan ex vivo biyodagilim calismalar1 ve floresan mikroskop calismalarinda karaciger ve dalakta
9mTe-K-KLN’lerin varhigi gozlemlendi.
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The Role of Curcumin-Loaded Solid Lipid Nanoparticles Labeled
with Tc-99m in the Liver-Spleen Scintigraphy

ABSTRACT: Recently, nanotechnology and molecular imaging fields are integrated to facilitate the diagnosis and
the treatment of diseases with create multi-functional nanoparticles. Nuclear medicine is one of the fields that benefit
from the multi-faceted and unique characteristics of new generation imaging agents that are made of nanoparticles.
This study investigated the feasibility of using curcumin-loaded SLNSs in liver and spleen scintigraphy. Initially, the
curcumin-loaded solid lipid nanoparticles (C-SLN) were prepared using microemulsion and solidification at low
temperatures. The size of the C-SLN particle is measured by Laser diffraction (LD) method. Moreover, by applying
thermogravimetric analysis (TGA) it is observed that C-SLN particles are stable with temperature variation. Then,
they are radiolabeled with Technetium-99m (**Tc). Using the thin-layer chromatography method, the radiolabeling
efficiency was found to be higher than 95%. *"Tc-C-SLNs were injected to the rabbit intravenously (i.v.) and
using a gamma camera, dynamic images were recorded. Liver and spleen were clearly displayed in these dynamic
images. In addition to scintigraphic findings, the presence of **Tc-C-SLNs in the liver and the spleen was observed
in the ex vivo biodistribution studies and the analyses performed under the fluorescence microscope.
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GIRIS

Insan viicudundaki cesitli fizyolojik ve fonksiyonel
olaylarin anlasilmasina yardimer olan niikleer tipta,
goriintii elde etmenin yolu radyoaktif maddenin hedef
organda tutulmasiyla saglanir. Radyoaktif madde
hedef organda ne kadar yogunlukta tutulur ve zemin
aktivite ne kadar az olursa goriintiileme kaliteside o
kadar iyi olur. Goriintii kalitesinin yliksek olusu ise
tanida dogrulugu beraberinde getirir. Tam1 ve tedavi
amaciyla viicut i¢ine uygulanan radyoaktif madde ile
isaretli bilesikler radyofarmasétik olarak bilinir. Yani
radyoizotop ile biyoaktif bir bilesenin birlestirilmesi ile
olusturulmustur. Biyoaktif ajan kismi secilen organda
lokalize olma 6zelligine uygun olmalidir ve radyoaktif
kistm da bilesen lokalizasyonun saglandigi organda
1s1ma yaparak deteksiyon imkani saglamalidir (Saha,
2010). Bunedenleniikleer tipta goriintiilemede alternatif
radyofarmasoétiklerin bulunmasi ve gelistirilmesi ¢ok
biiyiik 6nem kazanmaktadir.

SPECT (tek-foton yayan bilgisayarli tomografi)
calismalar1 i¢in 6 saatlik bir yar1 6mre sahip olmasi,
140 keV enerjili gama 1smm1 yaymast ve diisiik
maliyet Ozelliklerine sahip olmasi *™Tc’i birgok
ilacitn yam sira nanopartikillerin de radyoaktif
olarak isaretlenmesinde ideal bir radyoniiklid yapar.
Teknesyumun +7 den -1’e kadar degisen oksidasyon
basamaklart mevcuttur. Teknesyumun kimyasal olarak
farkli oksidasyon basamaklarinda bulunmasi ise onun
farkli viicut organlar tarafindan segici olarak alinmasi
amactyla c¢esitli radyofarmasotiklerin  tasariminda
kullanimini miimkiin kilar. *™Tc ile isaretli pek ¢ok

O
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radyofarmasoétik niikleer tipta diagnosotik amaciyla
kullanilir (Zolle, 2007).

Oteyandan, karaciger ve dalak sintigrafisi karaciger-
dalak patalojilerinin belirlenmesi i¢in kullanilan
yontemlerden biridir. Karaciger ve dalak sintigrafisi,
intravenoz olarak verilenradyofarmasdtiklerin karaciger
ve/veya dalagin kan havuzunda yada retikiiloendotelyal
hiicrelerde lokalize olmasi ve radyofarmasoétiklerden
yayillan gama iginlarinin gama kameralar tarafindan
dedekte edilmesi prensibine dayanir.

Biyoaktif 6zellik gosteren bir molekdiliin aktivitesi,
biyoyararliligina, kararliligina, absorpsiyonuna ve
¢Oziiniirligiine baglidir. Genis kapsamli farmakolojik ve
biyolojik aktiviteye sahip olan kurkuminin antioksidan,
antikanserojen, anti-inflamatuar, antibakteriyel
aktivitelerinin mevcut oldugu gdsterilmistir. Yine
yapilan preklinik ve klinik ¢aligmalarla kurkuminin
psikolojik, neoplastik, norolojik, kardiovaskiiler,
pulmoner, hepatic, safra ve metabolik hastaliklar,
diyabetik yaralarm iyilesmesi, romatizma dahil pek
cok kronik hastaliklara karsi terapotik bir etkisinin
oldugu belirtilmistir. Cesitli hayvan modelleri ve insan
calismalarinda ise yiiksek dozlarda bile oldukca giivenli
oldugu kanitlanmigtir (Aggarwal and Harikumar, 2009;
Yadav and Kumar, 2014; Anwar et al., 2014).

Kurkumin (Diferuloylmethane), Turmeric
(Curcuma longa, Zingiberaceae) bitkisinin koklerinden
elde edilen diisiik molekiil agirlikli, sar1 renkli hidrofobik
polifenoldiir. [1,7-bis(4-hidroksi-3-metoksifenil)-1,6-
heptadien-3,5-dion] kurkuminin kimyasal yapisidir.
Kurkuminin kimyasal yapis1 Sekil 1 de gosterilmistir
(Margulis et al., 2014; Kumar et al., 2014).

@)

OH
H3CO

Sekil 1. Kurkuminin kimyasal yapisi

Ancak kurkuminin biyo aktivitelerinin gesitliligine
ve hastaliklar1 6nleme ve tedavi etme potansiyeline
ragmen diisiik c¢oziniirliigii ve sulu c¢ozeltilerdeki
kararsizligi, yetersiz doku emilimi, alkali pH da
degradasyona ugramasi, hizli sistemik eliminasyonu
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nedeniyle diisiik biyoyararlilik gosterir ve bu nedenle
terapdtik bir ajan olarak kullanilmasimi engelleyen en
onemli problemi olusturur (Aggarwal and Harikumar,
2009; Mohanty and Sahoo, 2010).
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Kurkuminin biyoyararliligim iyilestirmek
icin ¢ok sayida yaklasim kullanilmistir. Miseller,
nanopartikiiller, lipozomlar, fosfolipit-kompleksleri,
nanojeller,  mikrosiingerler, = mikroemiilsiyonlar,
kitosan nanopartikiilleri, siklodekstrin kompleksleri,
kendiliginden mikroemiilsifiye olabilen ila¢ tastyici
sistem (SMEDDS) gibi tasiyici sistemler gelistirilmistir

(Yadav et al., 2010; Gao et al., 2011; Li et al., 2013).

Kurkuminin = simirlayict  etkilerini  minimuma
indirmek i¢in diisliniilen ¢6ziim yollarindan biriside
kat1 lipit nanopartikiil formiilasyonlar1 olmustur.
1990’11 yillarda mevcut kolloidal tasiyict sistemlere
(emiilsiyonlar, lipozomlar, polimerik nanopartikiiller)
alternatif bir tasiyici sistem olarak ortaya c¢ikan
kat1 lipit

olustugu icin olduke¢a yiiksek biyouyumluluk ve

nanopartikiiller, fizyolojik lipitlerden
biyobozunurluk buna karsilik diisiik sistemik toksisite
ve diislik sitotoksisite gosterirler. Organik c¢oziicii
kalintis1 icermemesi, genis Olgekte dliretimlerinin
miimkiin olmasi, kolay hazirlanma siireci, fiziksel
kararlilig1, kararsiz ilaglar1 kimyasal degradasyona
kars1 korumasi ve ilacin kontrollii olarak salinmasi
gibi avantajlara sahip oldugu icin KLN’lere olan ilgi
giin gectikce artmaktadir (Rai et al., 2008; Andreozzi
et al, 2011; Kathe et al., 2014). Bu sistemlerin
radyofarmasi alanina tasinmasi ise yeni teshis ve
tedavi yontemlerinin gelistirilmesinde umut verici bir

151k olarak goriinmektedir.

Iste bu noktada yapilan ¢alisma, lipit nanopartikiil
ve molekiiler goriintiileme teknolojisine dayali olarak
diagnostik alanda 6zellikle karaciger-dalak sintigrafisi
icin yeni bir konsepti tanitmaktadir.

MATERYAL VE YONTEM
Materyal

#mTe-K-KLN’leri hazirlarken, kati lipid olarak;
Compritol® 888 ATO (gliseril behanat), non iyonik
sirfaktanlar olarak; Tween 80 (Merck) ve Soya
lesitini (Alfasol),
radyo niiklid olarak; *™Tc (Atatiirk Universitesi, Tip
Fakiiltesi, Niikleer Tip A.D.), nanopartikiillerin *™Tc
ile isaretlenmesinde indirgeme ajan1 olarak; kalay

etkin madde olarak; kurkumin,

kloriir dihidrat (Merck), tavsanin anestezisi i¢in
Ksilazin (Bioveta) ve Ketamin (Pfizer) kullanildi.
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Kurkumin Yiikli Kat1 Lipit Nanopartikiillerin
Hazirlanmasi

Yapilan bu calismada K-KLN hazirlamak i¢in
mikroemiilsiyon ve diislik-sicaklikda katilagtirma
yontemi birlikte kullanildi. Gergeklestirilen ¢alismada;
ilk once lipitin 80°C’de eritilmesi saglandi. Bu
islem basamagindan sonra eritilmis lipitin igerisine
kurkumin eklendi. Lipit erime sicaklifinda olan
hesapli miktardaki sulu yiizey etkin madde karigimi
ise manyetik karistiricida yag fazina damlatilarak
eklendi (Kakkar et al., 2013). Daha sonra olusan
emiilsiyon ultrasonikasyon ile homojenize edildi. Sicak
mikro emiilsiyon 1300 rpm hizda karistirma yapan
manyetik bir karistirict sayesinde 3-4°C’deki soguk
suya damlatilarak K-KLN’ler olusturuldu. Olusturulan
K-KLN’ler flakonlara konularak oda sicakliginda
muhafaza edildi.

Partikiil boyutunun Belirlenmesi

Hazirlanan K-KLN formiilasyonunun partikiil
boyutu ve dagilimi 6lglimleri Laser Diffraction (LD)
esasina dayanan Malvern Mastersizer 2000 cihazi
kullanilarak analizleri yapildi. Tiim Slgtimler 25°C’de
ve 3 kez tekrarlanarak gergeklestirildi.

TGA analizi

Hazirlanan  kurkumin  yiikli  kati
nanopartikiillerin termal stabilitesinin belirlenmesi i¢in
Netzsch STA 409 PC Luxx Thermal analyzer cihazi
kullanilmistir. Liyofilizasyon ile toz haline getirilen
KLN ve K-KLN’lerin analizleri, bos referansa karsi
alimina krozede, 10°C/dak 1sitma hizinda, 25°C ile
130°C sicaklik araliginda, 30 ml/dak akis hiziyla

beslenen azot atmosferinde gerceklestirildi.

lipit

Radyoaktif Olarak Isaretleme

K-KLN’nin *"Tc ile Atatiirk
Universitesi Niikleer Tip Anabilim Dali radyofarmasi
laboratuvarinda gerceklestirildi.

isaretlenmesi,

Kurkumin yiiklii kati lipit nanopartikiiller daha
onceki caligmalarda belirtilen metodlara benzer sekilde
indirgeme ajani Kalay Klortir Dihidrat (SnCl,.2H,0)
kullanilarak Tc-99m ile isaretlendi (Zolle, 2007,
Kakkar et al., 2013). Kisaca, 2 mCi perteknatta (TcO,"),
20 pg Kalay Kloriir Dihidrat (SnCL,.2H,0) eklendi ve
soliisyonun pH’s1 sodyum bikarbonatile 6.5’e ayarlandi.
Daha sonra bu soliisyona 1 ml K-KLN eklenerek 10
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dakika oda sicakliginda inkiibe edildi. Isaretleme
etkinligi silika jel yiikli fiber seritler (2x8 cm)
kullanarak yiikselen hazir ince katman kromatografi
ile degerlendirildi (Aburahma and Badr-Eldin, 2014).
Radyoaktif isaretli kompleks (3pul) ITLC-SG seridin
alt kisstmin 1 cm yukarisina bir insiilin siringasi
ile damlatildi ve mobil faz olarak %100 aseton
kullanilmasiyla yaklasik 7 cm yiikseklige kadar
yiriitildii. ITLC-SG seridi esit bir sekilde ortadan
ikiye kesildi ve her bir yarimdaki radyoaktivite kuyu
tipi bir gama sayaci (Biodex, Atomlab 200 model
dosecalibrator) ile sayildi. Serbest TcO, seridin
alt kismindaki isaretli kompleksten ayrilarak on
kisima dogru go¢ eder. Radyoaktif isaretli kompleks
kalir.
indirgenmesi icin kullanilan kalay kloriiriin fazla
olmasi istenmeyen radyokolloid olusumuna sebep
olur. Bu yiizden radyokolloid yiizdesi piridin: asetik
asit: su (3:5:1.5) kullanilarak belirlendi. Kolloidler
seridin alt kisminda kalirken, serbest perteknatat ve
isaretli kompleks seridin 6n kismina hareket etmistir.
Piridin: asetik asit: su karigimindan asetonda goc
eden aktivite kismi ¢ikarilarak **»Tc-K-KLN’lerin net
miktar1 hesaplandi.

Radyoaktif partikiillere iliskin olarak, ITLC
metoduna gore K-KLN’lerin radyoaktif isaretlenme
etkinligi oda sicakliginda %90 + 8 olarak 6l¢iildi. Bu
yiiksek isaretlenme etkinligi K-KLN’lerin *™Tc ile
etkili bir sekilde baglandigini gostermektedir.

ise uygulama noktasinda Perteknatatin

Gama Sintigrafi Calismalari

Goriintlileme c¢alismalar1 igin, ¢alismada 3.5-
4 kg araliginda beyaz Yeni Zelanda erkek tavsani
kullanildi. Tavsan 12 saat karanlik 12 saat aydinlik
siklusuna sahip %45-50 nispi nem miktar ile birlikte
22 +2 °C’ deki bir sicaklikta ve kontrollii laboratuvar
sartlarinda muhafaza edildi. Tavsana deney 6ncesinde
0zel bir gida rejimi uygulanmadi ve deney sirasinda
a¢ birakildi. Deney 6ncesinde ise standart pelet yem
ve musluk suyu ile beslendi. Bu ¢alismadaki hayvan
arastirmalar1 Atatiirk Universitesi Hayvan Deneyleri
Yerel Etik Kurulunun izni ile yuritildi (Kayit
numarasi: 36643897-51, 2015).

Tavsanda sintigrafi goriintiileme ¢aligmasinda
Teknesyum ile isaretli K-KLN’nin canlidaki organ
tutulumu non-invaziv olarak degerlendirildi. Tavsana
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uygulanacak *"Tc ile isaretli K-KLN’lerin aktivitesi
yaklagik 2 mCi’ye ayarlandi. In vivo g¢alismalarda
kullanilan K-KLN
etkinligi 95 = 4% idi. Goriintiilleme c¢alismalarindan
once tavsana 1 ml ketamin ve 1 ml ksilazininin
intramuskiiler

siispansiyonunun isaretleme

enjeksiyonu ile anestezi yapildi.
9mTe-K-KLN kulak

veninden i.v olarak uygulandi. *"Tc-K-KLN’nin

Hazirlanan tavsana dorsal
1i.v uygulanmasindan sonra tavsan, uygun boyuttaki
plakanin iizerine sirt {istii pozisyonda yerlestirildi.
Idame doz (baslangi¢ dozunun 1/3) gerekli oldugunda
kullanild1. Idrar kontaminasyonu dnlemek i¢in gerekli
onlemler alindi. Diigiik enerjili-genel amagli bir
kolimatdr ile uyumlu olan bir gama kamera (Siemens
Medical Systems, Inc. Hoffman Estates, IL 60195)
tarafindan dinamik goriintiiler kaydedildi. Dinamik
goriintiiler i¢cin 128x128 matrix kullanild1.

Ex Vivo Biyodagihim Calismasi

K-KLN’lerin  in
enjeksiyondan

vivo  biyodagilmi iv
(SPECT)
kullanilarak degerlendirildi. Bu degerler organlarin
gama sayacinda elde edilen ex vivo biyodagilimi

ile karsilastirildi. Ex vivo biyodagilim ¢alismasi

sonra gama kamera

“mTc ile isaretli K-KLN’nin i.v uygulanmasindan
yaklagik 4 saat sonra gerceklestirildi. Tavsan yiiksek
doz anestezik (100 mg.kg!) sodyum tiyopental ile
sakrifiye edildi. Daha sonra tavsanin ilgili organlari
¢ikarildi. Doku drnekleri salin ile yikandi ve tartildi.
Radyoaktivite *"Tc enerjisi i¢in kalibre edilen
kuyu tipi gama sayacinda Olgiildii. Sonuglar i.v
uygulamadan sonra yarilanma Omriindeki bozunma
siiresi hesaba katilarak her bir organ i¢in dokunun
gram basina enjekte edilen dozun yiizdesi olarak
ifade edildi (%ID/g) (Banerjee et al., 2014 ).

%ID/g dokunun = [ (6rnekteki sayim) /
(6rnegin agirlig1 x yarilanma siiresi hesaba katilarak
hesaplanan toplam sayim)] x 100

K-KLN’lerin Dalaktaki
Varhgimin Histopatolojik Olarak incelenmesi

Karaciger ve

Biyodagilimi incelenen en fazla
tutulumun oldugu tespit edilen karaciger ve dalaktan
doku ornekleri alinarak donduruldu ve donuk kesit

ornekleri floresan (Zeiss Imager-D2, x400) altinda

tavsanda

incelendi.
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BULGULAR VE TARTISMA
Partikiil boyut dagilimi ve TGA analizi

Partikiill boyutu ve boyut dagilimi, kolloidal

tagiyict  sistemlerin  fizikokimyasal  6zelliklerinin

12

belirlenmesinde kullanilan en &nemli verilerden
birisidir. Ozellikle siispansiyon ve emiilsiyon gibi
tasiyict sistemlerin, fiziksel-kimyasal kararliligi ve
uriniin

etkinlik agisindan basarili formiilasyonu,

partikiil boyutuna baglidir.

Hacim (%)

0 i i i
0,01 0,1 1

10 100 1000 10000

Partikdl Boyutu (pm)

Sekil 2. K-KLN’nin hacimsel boyut dagilim1

Lazer kirinim verileri hacim dagilimmna gore
belirtilir. Formiilasyonun partikiil boyutu ise LD ;.
(laser diffraction) ¢cap degerlerine bakilarak yorumlanir.
Yani, LD, degeri Ium olarak Olgiilmiigse bunun
anlami, tiim partikiillerin %50°si 1 pm ve 1 pm’den
daha az bir boyuta sahiptir denilebilir. Sekil 2’deki

160

partikiil boyut analizi incelendiginde LD, degerinin
0.061 pm, LD, degerinin 0,115 um ve LD, degerinin
0,504 um oldugu gozlemlenmistir. Buna bagli olarak
partikiillerin %90°’nindan daha fazlasinin 504 nm den
daha kiicliik oldugu ve bu partikiillerin %90 ninin
kolloidal boyutlara sahip oldugu saptanmigtir.(<1um).
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40 -
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Sekil 3. K-KLN’nin termogravimetrik analizi
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Kat1 lipit nanopartikiil formiilasyonu yiiksek
sicakliklar da hazirlandig1 i¢in bu partikiillere
ylklenen kurkuminin termal stabilitesini belirlemek
amaciyla TGA analizi yapildi. Sekil 3’te goriildigi
gibi, TGA analiz sonucuna goére 25°C ile 130°C
arasinda herhangi bir kiitle kaybinin olmamasi1 kati
lipit nanopartikiil formiilasyonunda ki kurkuminin

sicakliga karg1t stabilitesini korudugu yorumu
yapilabilir.
- -~ -~ - - -

B : b + B B B

Gama Sintigrafi ve Biyodagilim Calismasi

mTe-K-KLN’ intra
uygulamasindan sonra gama kamera ile goriintiileri
alind1. Dinamik goriintiiler degerlendirilip,
radyoaktivite tutulumu gosteren bolgeler belirlendi.
Dinamik goriintiiler Sekil 4°te verildi.

Tavsanlara nin vendz

Sekil 4 incelendiginde kalp ve akcigerler
ilekaraciger, dalak, bobrekler ve mesanede
tutulumlarin oldugu goriilmektedir.
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Sekil 4.%"Tc-K-KLN’nin tavsana i.v enjeksiyonundan sonra ¢ekilen dinamik goriintiiler

Cizelge 1.Tavsanda *"Tc-K-KLN’nin biyodagilimi

Organ % ID Organ’! %ID g!

Dalak 1.19 0.61
Karaciger 43.56 0.67
Bobrekler 2.28 0.08

Kemik 0.49 0.04

i.v enjeksiyondan 4 saat sonra sakrifiye edilen
tavsandaki *™Tc-K-KLN’nin organ dagilimi Cizelge
1’de sunulmustur. i.v enjeksiyondan 4 saat sonra
sakrifiye edilen tavsandan alinan karaciger (%0.67)
ve dalak (%0.61) dokularinda gram basina diisen
aktivitenin olmas1 kolloidal partikiillerin 6nemli bir
kisminin tutulum gosterdigini destekler. Bu organlarda
kaydedilen radyoaktivitenin retikiiloendotelyal sistem
(RES) hiicreleri tarafindan alinan tutulumdan dolay1
oldugu soylenebilir.
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Tavsandaki ex vivo biyodagilimi incelendiginde
asil tutulum gosteren organlarin karaciger ve dalak
oldugu goriilmektedir. Bobreklerde ve mesanede
tutulumun olmasi, *™Tc-K-KLN’lerin bobrekler ve
mesane yoluyla atilmasi nedeniyle fizyolojik tutulum
#mTe-K-KLN’nin
rotasinin  bobrekler ve hepatobilyer

lehine yorumlanmaktadir. Yani
temizlenme
sistem yoluyla oldugu sdylenebilir. Yapilan ex vivo
biyodagilim ¢alismasinda tiroid ya da midede *™Tc-

K-KLN’nin 6nemli bir aktivitesinin goriilmemesi
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bu c¢alismada Ozetlenen isaretleme prosediiriin
kullanim1 ile birlikte *"Tc-K-KLN’nin in vivo
stabilitesinin iyi oldugunu gosterir. Ayrica kemikde
(%0.04) aktivitenin olmasi bu partikiillerin kiigiik bir
kismmin kemik iligi tarafindan tulumun olduguna
isaret eder. Akcigerlerde tutulumun goézlemlenmesi
partikiil boyutuyla alakali olabilir. Ciinkii kilcal damar

boyutlari kat1 lipit partikiillerin gegisini engelleyebilir.
Ancak deney hayvaninin, sakrifiye edilene kadarki
siiregte herhangi bir sorun yasamamasi, K-KLN’lerin
kilcal damarlara takilsa bile emboliye neden olmadigi
kanisini olugturur. Sonug olarak ex vivo biyodagilim
caligmasindaki sonuglar sintigrafik goriintiilerle
paralellik gostermektedir.

Floresan Mikroskop Calismasi

Sekil 5. *mTc-K-KLN’nin i.v enjeksiyondan sonra alinan tavsan donuk kesit dalak 6rneginin floresan mikroskop goriintiisii (x400)

Sekil 6. *"Tc-K-KLN’nin i.v enjeksiyondan sonra alman tavsan donuk kesit karaciger rneginin floresan mikroskop goriintiisii (x400)

Cilt/ Volume: 6, Say1/ Issue: 3,2016

33



Hayrettin EROGLU ve Ark.

Dinamik goriintiilerde *Tc-K-KLN’nin karaciger
ve dalaktaki tutulumunun artarak devam etmesi ve
daha sonra sakrifiye edilen tavsanin karaciger ve dalak
dokularinin floresan mikroskobu ile histopatolojik
olarak inceleme sonuglari birlikte degerlendirildiginde
kurkumin yiikli kat1 lipit nanopartikiillerin intravenoz
uygulanmasiyla birlikte bozulmadan karacigere ve
dalaga etkili bir gecis gosterdigi saptanmustir. Sekil 5 ve
Sekil 6°da *™Tc ile isaretli K-KLN’nin tavsan karaciger
ve dalaga gecisi goriintiilenmektedir. Bu goriintiiler ise
sintigrafik bulgularla paralellik gostermektedir.

Ozetle bu calisma; KLN’lerin secici olarak
karaciger ve dalaga ilag tastyici bir potansiyelinin
oldugunu ve karaciger-dalak sintigrafisi igin *™Tc ile
isaretli C-KLN’lerin kullanilabilecegini gostermektedir.

SONUC

K-KLN’lerin niikleer tipta teshis amacli 6zellikle
de karaciger-dalak sintigrafisinde kullanilabilirliligini
konu alan bu ¢alismada; K-KLN’ler basarili bir sekilde
hazirlandi ve *™Tc ile radyoaktif olarak isaretlendi.
Yapilan in vivo ve ex vivo caligmalar K-KLN’lerin
karaciger ve dalakta etkin bir sekilde lokalize
oldugunu gosterdi. Sintigrafik olarak karaciger-dalak
gortntiileri elde edildi. Floresan mikroskobu ile de
histopatolojik olarak karaciger ve dalaga gecis tespit
edilerek bulgular desteklendi. Bu nedenle elde edilen
sonuclar, K-KIL.N’lerin karacigeri-dalak goriintiilemede
kullanilabilme potansiyelinin oldugunu gosterdi.
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Decolorization of Textile Dyes in Two Different Medium
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ABSTRACT: In this study, the decolorization of textile dyes, taken from textile factory, (Doracryl Blue
(DB), Astrozon Red (AR) and Maxillon Red (MR)), were determined by pure bacterial culture which
isolated from waste water. Bioaccumulation rate were determined in two different media (Nutrient
Broth and Molasses medium) as a function of initial pH (5-8), dye concentration (100-500 mgL'), and
temperature (25-35°C). High rates of decolorization at pH 7 and 8 have been found in both nutrient and
molasses medium at incubation period. The bacterial culture decolorized MR and DB colors at high
concentrations and all temperatures almost 95% decolorization yield, besides AR decolorized at 200
mgL"! dye concentrations and 40% rate and couldn’t be decolorized at higher concentrations. The results
were showed that the bacterium was able to decolorize the DB and MR high ratio in both nutrient and
molasses media at high concentrations and all temperatures, although the AR weren’t decolorized at high
ratio by bacterium. Because of this, although the bacterial culture could be used highly for decolorization
for DB and MR, it has got limited usage for AR.
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iki Farkh Besiyerinde Tekstil Boyalarinin Renk Giderimi

OZET: Bu calismada tekstil fabrikasindan alinan ii¢ farkli tekstil boyasinin (Doracryl Blue (DB),
Astrozon Red (AR) and Maxillon Red (MR)) atik sudan izole edilen bakteriyel kiiltiir ile renk giderimi
tespit edilmistir. Biyoakiimiilasyon orani, iki farkli besiyerinde (Nutrient Broth ve Melasl Besiyeri)
baglangi¢ pH (5-8), boya konsantrasyonu (100-500 mgL"') ve sicaklia (25-35°C) karsilik tespit
edilmistir. Her iki besiyerinde de inkiibasyon periyodu boyunca pH 7 ve 8’de yiiksek oranlarda giderim
tespit edilmistir. Bakteriyel kiiltiir MR ve DB boyalarini tiim yiiksek konsantrasyonlar ve sicakliklarda
%95 oraninda gidermistir. Bunun yaninda AR ise 200 mgL"' konsantrasyonda %40 oraninda giderilmis
ve daha yiiksek konsantrasyonlarda giderilememistir. Calismada elde edilen sonuglar bakteriyel kiiltiiriin
MR ve DB boyalarin tiim konsantrasyon ve sicakliklarda yiiksek oranda gidermesine karsin AR’nin
yliksek oranda dekolorize edilmedigini ortaya koymustur. Bundan dolay1 bakteriyel kiiltiir DB ve MR
boyalarinin dekolorizasyonu i¢in kullanilabilecekken AR i¢in sinirli kullanim alanina sahiptir.

Anahtar Kelimeler: Bakteriyel kiiltiir, dekolorizasyon, tekstil boyalar1
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INTRODUCTION

Synthetic dyes are produced as resistant to sweat,
light, water, chemical agents and also fading. Synthetic
dyes are widely used in textile industry and high amount
of water used in dying process that is the major cause of
water pollution. The pH, amount of dissolved oxygen
and inorganic substances of the waste water is varied
according to the chemical composition of dyes. The
removal of the dye into the water is very hard and it is
blocked the photosynthesis by entrance of the sunlight
to water or diminish the concentration of dissolved
oxygen (Kaputska and Reporter, 1993; Banat et al.,
1996; Vandevivere et al., 1998; Robinson et al, 2001;
Rai et al, 2005; Kestioglu and Yalili, 2006; Pandey et
al., 2007; Ghodake et al., 2009).

Many physical and chemical methods are used
for dye remove, but they have disadvantages such as
high costs and creating secondary waste. Biosorption,
bioaccumulation, enzymatic techniques are mostly used
and very important for dye removal fromthe environment
(Chen et al., 2002; Forgacs et al., 2004; Khehra et al.,
2005; Han et al., 2011). Bioaccumulation, is the uptake
and accumulation the chemicals by organisms’ body
surface. In a bioaccumulation process the initial pH,
medium components, initial dye concentration, dye
structure and culture conditions affect the microbial
growth and bioaccumulation of dyes (Gonen and Aksu,
2009; Yabanli, 2010).

In this study, the decolorization of textile dyes, taken
from textile factory of (Doracryl Blue (DB), Astrozon
Red (AR) and Maxillon Red (MR)), were determined by
pure bacterial culture which isolated from waste water.
Bioaccumulation rate were determined in two different
media as a function of initial pH dye concentration and
temperature.

MATERIAL AND METHODS

In the study, the dyes such as Doracryl Blue (DB),
Astrozon Red (AR), Maxillon Red (MR) were used
and obtained from textile factory. Bacterial culture
was isolated from waste water. The nutrient broth
and molasses medium were used (80 mlIL"' stock
molasses, 1.0 gL' (NH,),SO,, 0.5 gL' KH,PO,) for the
determination of decolorization capacity of the bacterial
culture (Aksu and Donmez 2000; Donmez, 2001).

The dye concentration was measured by
spectrophotometer (600 nm for Doracryl Blue, 530
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nm for Maxillon Red, and 490 nm for Astrozon Red).
Decolorization experiments were determined as a
function of initial pH (5-8), initial dye concentration
(100-500 mgL!) and temperature effect (25-35°C), and
the dye samples were taken at 12, 18, 24, 48 hours of
incubation period. Initial dye concentrations were settled
as 100-500 mgL™! in nutrient broth and molasses media.
All of the experiments were made at 100 mL medium in
250 mL Erlenmeyer’s flasks, the samples were taken 2
mL and centrifuged to separate the bacterium from the
medium, at 5000 rpm for 10 minutes. Decolorization
yield of dyes were calculated by the following formula.
C, represents the initial dye concentration and C,
represents the final dye concentration.

Decol% = ((C.-C,)/C,)*100

RESULTS

In this work the bioaccumulation of textile dyes
(Doracryl Blue (DB), Astrozon Red (AR), Maxilon
Red (MR)) were determined and there is a few study
about bioaccumulation of the dyes, besides there is
biosorption study with the dyes (Artan Onat et al.,
2013). The bacterial culture which used in this study
was Gram (+) cocci and has smooth colonies on nutrient
agar.

Effect of pH

At first the effect of pH has been investigated on
the removal of dye and the pH was selected which
demonstrated the highest removal values for following
studies. In this study, molasses broth and nutrient broth
medium were prepared at different pH values (5, 6, 7,
8), and the medium initial dye concentration adjusted
at 100 mgL"' for each dye and bacterial culture was
inoculated at 1/100 v/v ratio. The decolorization yields
of the dyes were showed at Fig. 1, and results were
obtained at 18. hour of incubation period, at 24. hour of
incubation period the dyes were provided decolorization
at maximum yields.

As shown that Fig. 1 high rates of decolorization
at pH 7 and 8 have been found in both nutrient and
molasses media at incubation period. The dye removal
was established as 76.90%, 58.80% and 75.48% for
MR, DB and AR respectively at 18. hours of incubation
period in molasses medium at pH 8. Moreover, the
decolorization rate was determined almost 95% at
24. hour of incubation period for all dyes. However,
the pH 6 was selected for DB due to the removal rate
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was 89.93% and the pH 8 was selected for MR and  medium. The dye decolorization ability of bacterium
AR with the removal rate were 96.89% and 82.88%  was proximately at same pH values and also the rates
consequently at 24 h incubation period in nutrient broth  of decolorization yield were very high for all dyes.

100

®MR-NB
" MR-MB
“DB-NB

EDB-MB

Decolorization Yield (%)

" AR-NB
" AR-MB

pH Value

Figure 1. The effect of pH on decolorization of textile dyes in nutrient broth and molasses media at 100 mgL™! initial dye concentration
at 30°C at 18 h. (MR-NB: Maxillon Red-Nutrient Broth, MR-MB: Maxillon Red-Molasses Medium, DB-NB: Doracryl Blue-Nutrient
Broth, DB-MB: Doracryl Blue-Molasses Medium, AR-NB: Astrozon Red-Nutrient Broth, AR-MB: Astrozon Red-Molasses Medium)

Effect of dye concentration The removal of MR was determined almost 97

The effect of increasing concentration of dyes was 99% for all dye concentrations at nutrient broth
studied on the dye removal capacity of bacterium, initial Fnedlun‘l. However, the dye rerpovgl was decreased Wlth
dye concentrations were settled to 100 — 500 mgL! for increasing of dye concentration in molasses medium.

1 0 0
each medium and incubated for 48 hours and the data The removal was determined as 89.93%, 91.51%,
were shown at Fig. 2 81.47%, 80.84% and 74.62% for 100 — 500 mgL!
initial dye concentration sequentially.

100
S 80
= ——MR-NB
=60 -
. ~#—MR-MB
kS ~#~DB-MB
= 40 A
< —>=DB-MB
Q
8 20 - —¥=AR-NB
~8—AR-MB
0 T T T 1
100 200 300 400 500

Dye Concentration (mg/L)

Figure 2. The effect of dye concentration on decolorization of textile dyes in nutrient broth and molasses media at 30°C at 48 h. (MR-
NB: Maxillon Red-Nutrient Broth, MR-MB: Maxillon Red-Molasses Medium, DB-NB: Doracryl Blue-Nutrient Broth, DB-MB:

Doracryl Blue-Molasses Medium, AR-NB: Astrozon Red-Nutrient Broth, AR-MB: Astrozon Red-Molasses Medium)
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DB was decolorized almost 90% for 100 — 400
mgL' dye concentration at nutrient broth, besides 500
mgL! dye concentration reduced bacterial growth and
decolorization did not determine at that concentration.
Moreover, dye decolorization was obtained as 90% for
all dye concentrations in molasses media.

The bacterial growth was determined only 100 and
200 mgL! AR concentrations at nutrient broth and the
removal ratios were 80% and 60% respectively. On the
other hand, molasses medium increased the tolerance
of bacterium to AR and removal ratio were determined
as 75.48%, 57.47%, 58.66% for 100 — 300 mgL"' dye
concentration and also 10% decolorization yield was
obtained for 400 and 500 mgL™' dye concentrations.

As a consequence, it was clear that the bacterium
decolorizes DB and MR at elevated concentrations

in 48 hours’ incubation period. Therefore, AR was
affected the bacterial growth and reduced dye removal.

Effect of temperature

In the study the effect of temperature was also
studied on dye removal with bacterium, 25 — 35°C and
100 mgL' dye concentration at 24 hours’ incubation
period (Fig. 3). The MR was decolorized in nutrient
broth and molasses media almost 90% and 80%
sequentially at all temperatures. In addition to this, the
DB was showed same decolorization yield with MR,
on the other hand AR was decolorized almost 40%
yield. The results were showed that the bacterium was
able to decolorize the DB and MR high ratio in both
nutrient and molasses media at high concentrations and
all temperatures, although the AR did not decolorize at
high ratio by bacterium.

100
g 80
) = MR-NB
(]
=60
= = MR-MB
b5 " DB-NB
= 40
< " DB-MB
Q
8 20 ® AR-NB
= AR-MB
0
25 30 35
Temperature (°C)

Figure 3. The effect of temperature on decolorization of textile dyes in nutrient broth and molasses media at 100 mgL"' dye
concentration at 24 h. (MR-NB: Maxillon Red-Nutrient Broth, MR-MB: Maxillon Red-Molasses Medium, DB-NB: Doracryl Blue-
Nutrient Broth, DB-MB: Doracryl Blue-Molasses Medium, AR-NB: Astrozon Red-Nutrient Broth, AR-MB: Astrozon Red-Molasses

Medium)

DISCUSSION

The dye decolorization ability of bacterium, that
isolated from waste water, was detected for three textile
dyes in two different media. The dye decolorization
ratio were determined as almost 95% for all dyes at pH
7 and 8 in 30°C at 24 h incubation period. Bacterial
consortium or pure cultures decolorize different textile
dyes similar pH values and temperature degrees.
Therefore, the bacterial culture that used in this work
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reduces the dye concentration at 18h incubation period
and this is the shortest decolorization time for this
textile dyes. Moreover, initial dye concentrations were
higher than literature (Feng vd., 2014; Khouni vd.,
2012; Moosvi vd., 2006; Vijayalakshmidevi vd., 2015;
Silveria vd., 2009; Sirianuntapiboon vd., 2007).

Dogan et al., (2009) was decolorized the MR by
adsorption with kaolinite and decolorized 20 moles g
dye at maximum ratio at pH 4.8. There is no work about
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the decolorization of DB and AR by bioaccumulation
method. However, the biosorption yield of DB and AR
were determined almost 95% (Artan Onat et al., 2013).

In this work the decolorization yields were
determined at maximum ratio (95%) for DB and MR
for high concentrations (100-500 mgL") also for AR in
nominal degrees. In literature there were many studies
about decolorization of different textile dyes by bacterial
consortium or pure bacterial cultures Therefore, in
this study the incubation period was shorter and the
initial dye concentrations were higher. In addition, the
data those taken from this work were coherent with
the literature, on the other hand there was little work
about the dyes that were used in this study (Yesilada et
al, 2002; Moosvi et al., 2006; Sirianuntapiboon et al.,
2007; Sedighi et al, 2009; Silverda et al, 2009; Almeida
et al., 2010; Khouni et al., 2012; Feng et al., 2014;
Vijayalakshmidevi et al., 2015).

CONCLUSION

The dye decolorization ability of bacterium was
approximately at same pH (7 and 8) values and also the
rates of decolorization yield were approximately 95%
for all dyes at 100 mgL! dye concentration and 24 hours’
incubation period. The bacterium decolorizes DB and
MR at elevated concentrations in 48 hours’ incubation
period. Therefore, AR affected the bacterial growth
and reduced dye removal. The decolorization yields
were determined at maximum ratio for DB and MR for
high concentrations also for AR in nominal degrees.
The temperature did not affect dye decolorization
significantly. Moreover, the bacterial culture could
be used highly for decolorization for DB and MR at
different temperature and high dye concentrations,
and has got limited usage for AR because of limited
bacterial growth.
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Determining Skinfold Thickness through Artificial Neural Networks

Hidir Selguk NOGAY'!

ABSTRACT: Skinfold thickness values, which are used in many studies to evaluate the nutritional
status of disabled people, are measured by a caliper. The usage of this measurement device in disabled
people, and especially children with autism, is very difficult. The aim of this study is to find a solution to
this problem by using a model that produces high accuracy predictions without needing a caliper. In this
study, an artificial neural network application was realized for the determination of skinfold thickness
in individuals. In order to train the artificial neural network (ANN) model, the body weights, body mass
indexes, waist circumferences, abdomen circumferences, and hip circumferences of 400 children and
adolescents between the ages of 6 and 18 were measured. 138 sets of the data collected from the 400
children and adolescents were selected to be used with the ANN, and a data set was formed. 70% of
this data set (96 in number) was used for the training of the model, 15% (21 in number) was used for
testing the model, and the remaining 15% was used for approving the model. As a result of the study, a
prediction with 97.7% accuracy was obtained, and a highly close relationship between the output of the
artificial neural network and the target was found.

Key words: Artificial Neural Network, Body Fat Ratio, Skinfold Thickness

Deri Kivrim Kalinh@inin Yapay Sinir Aglar ile Saptanmasi

OZET: Engellilerin beslenme durumlarmi degerlendirmek amaci ile yapilabilecek bir ok arastirmada
kullanilabilen deri kivrim kalinliklan kaliper denilen 6lgii aleti ile 6lgiilerek elde edilebilmektedir.
Engellilerde, 6zellikle de otizmli ¢ocuklarda bu 6l¢ii aletinin kullanimi oldukga zor olmaktadir. Bu
calismanin amaci; kalipere gerek kalmadan yliksek dogrulukta tahmin iireten bir model ile bu soruna
¢Ozlim Onerisi bulabilmektir. Bu ¢alismada bireylerde deri kivrim kalinliginin saptanmasi igin bir yapay
sinir ag1 uygulamasi gerceklestirilmistir. Olusturulan yapay sinir ag1 modelinin egitilebilmesi icin
yaslar1 6-18 y1l arasinda 400 ¢cocuk ve adolesanin viicut agirliklari, beden kitle endeksi, bel ¢evresi, karin
cevresi ve kalga ¢evresi Ol¢limleri alinmigtir. 400 ¢cocuk ve adolesandan alinan verilerin 138 1 yapay sinir
aglarinda kullanilmak iizere secilmistir ve veri seti olusturulmustur. Olusturulan bu veri setinin %70 i
(96 adet) modelin egitilmesi i¢in kullanilmig, %15 1 (21 adet) modelin test edilmesi i¢in kullanilmis
ve geriye kalan %15 1 ise modelin onaylanmasi i¢in kullanilmistir. Arastirmanin sonucunda % 97.7
oraninda bir dogruluga sahip bir tahmin elde edilmis olup yapay sinir aginin ¢ikisi ile hedef arasinda
oldukca yakin bir iligski bulunmaktadir.

Anahtar Kelimeler : Deri Kivrim Kalinligi, Viicut Yag Orani, Yapay Sinir Aglari
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INTRODUCTION

Mental retardation is a condition that is diagnosed
before the age of 18 and is characterized by insufficiency
in successfully implementing daily life skills and mental
function below average (Maity and Gupta, 2010). The
incidence of malnutrition, being overweight, and obesity
are higher in mentally disabled people compared to
healthy individuals (Shabayek, 2004). Regardless, the
number of studies on the subject is low. Anthropometric
measurements are used in the evaluation of nutritional
status. Body mass index, waist to hip ratio, waist
circumference, abdomen circumference, and skinfold
thickness are among the anthropometric methods used
in the evaluation of obesity (Sanjay and Nadgir, 2013).
The negative effects of obesity are related more to
the increase in body fat ratio than body weight. Thus,
the measurement of body fat ratio is a better tool in
identifying risks related to obesity (Seth, 2013). Body fat
ratio can be obtained by bioelectrical impedance analysis
(BIA), dual-energy x-ray absorptiometry (DXA), and
skinfold thickness measurements. Skinfold thickness
and BIA measurements are the most widely used since
measurement with those is faster (Duarte et al., 2014).
Skinfold thickness measurement, which is an important
method in determining body fat ratio, is performed using
a caliper, and the accuracy and reliability of the results
are negatively affected because of compliance issues inn
mentally disabled individuals (Casey, 2013).

Artificial Neural Networking (ANN) is an
information processing technology inspired by the way
the human brain processes information. With ANN, the
working processes of a simple biological nervous system
are simulated. The simulated neurons tie to each other
in various ways to form the network. These networks
have the capacity to learn, memorize, and display the
relationships between data. Artificial neural networks
are widely used in diagnosis, imaging, identifying
pathologic samples, and clinical pharmacology (Hsich
et al., 2013). The aim of this study is to realize an
artificial neural network application to determine
skinfold thickness in mentally disabled children without
using a caliper.

MATERIAL AND METHOD

The following steps were performed in the
realization of this study:
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1. Measurements

2. Forming the data set

3. Forming, training, and testing the artificial
neural network model

4. Result

Measurements

400 children and adolescents between the ages
of 6 and 18 who applied to the children’s polyclinic
of the Women and Children’s Hospital and agreed to
participate in the study were included in the study.
The body weights, heights, waist circumferences, hip
circumferences, abdomen circumferences, triceps
skinfold thicknesses, and subscapular skinfold
thicknesses of the children were measured. Body weight
was measured with thin clothes and without shoes with
a scale sensitive to = 0.1 kg and height was measured
with feet together and head on a Frankfort plane. Body
mass index was calculated through the formula: weight
(kg)/ height2 (m2). For waist circumference the median
point between the lowest rib and the crista iliac was
found and the circumference passing through this point
was measured. Hip circumference was measured by
taking the highest point. Abdomen circumference was
measured with a tape passing from the belly. Triceps
skinfold thickness was measured with the measurer
standing, the left arm being turned 90°, the median
point between the shoulder and elbow being marked,
the arm being released, going above the elbow through
the epicondyles, holding the fold with the left hand and
using a holtain caliper on the right hand. Subscapular
skinfold thickness was measured by marking the
inferior corner of the left scapula, holding with the left
hand at a 45° angle and using a holtain caliper with the
right hand. The skinfold thickness measurements were
repeated three times and the arithmetic mean was taken.

Forming the data set

A data set in matrix form was formed from the
measurements in order to be used as input and output
data in the ANN model. 138 of the 400 measurements
obtained were selected to be used with the ANN model.
The selection was made according to the learning rate
of the model. The input data matrix to be used in the
ANN model was formed as 5 x 138 and the output data
matrix was formed as 2 x 138. The input data used in
the model were body weight, abdomen circumference,
waist circumference, hip circumference, and body mass
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index. The output data used in the model were triceps
skinfold thickness and subscapular skinfold thickness.
15% of the data set was randomly selected to test the
ANN model. 15% was selected randomly for validation.
The remaining 96 data were put aside for training the
ANN.

The abbreviations used in the model are given
below:

BW : Body Weight

BMI : Body Mass Index

WC : Waist Circumference

AC: Abdominal Circumference

HC: Hip Circumference

TST: Triceps Skinfold Thickness (Output 1)

SST: Subscapularis Skinfold Thickness (Output 2)

Forming, training, and testing the artificial
neural network model

In the study, the architecture of the ANN model
was selected to be the feed forward ANN model,
which is the most widely used in prediction problems.
Three layers were used in this model. These layers are
the input layer, the hidden layer, and the output layer.
The architecture of the ANN model used in the study
is shown in Figure 1. The number of neurons used in
the hidden layer is 10. There is no definitive rule in the

Determining Skinfold Thickness through Artificial Neural Networks

literature on the selection of the number of neurons in
the hidden layer (DeLurgio, 1998). In the study, the
number of neurons in the hidden layer when the ANN
model gave predictions with high enough accuracy
was taken into consideration. No change in the results
was seen with higher numbers of neurons in the hidden
layer, so no need was seen to increase the number
(Hagan et al., 1996). The ANN model was formed
using the MATLAB and NFTOOL package programs.
The activation function used in the ANN model was
a hyperbolic tangent sigmoid activation function. The
data set was normalized between the [+1. -1] interval.
70% of the data set was used for training the program
(96 in number). A Back propagation learning algorithm
was used in training the ANN model. After the model
was trained, 15% (21 in number) of the data set was
used for testing and the remaining 15% was used for
validation

The ANN model was trained for 11 iterations. The
training continued until the error was stable, and was
ended when the error didn’t change. For testing, 21 data
randomly selected from the 138 data were given to the
ANN model and outputs were calculated. The linear
approach curve between the output of the model and
the target was formed. The test data selected for testing,
indices, and outputs are given in Table 2.

BW
BMI
wC
AC

HC
BIAS

Laver (5)

Hidden
Layer (10)

TST
SST

Output
Layer (2)

Fig.1. Architecture of ANN model
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RESULTS 1. The approach coefficients (R) of the ANN model

The results obtained from the ANN model used in ~ found after the training, test, and validation steps were
the study are given below: given in Table 1.

Table 1. ANN results

Samples MSE (Mean Squar Error) R (Regression)
Training 96 1.28522 0.97139
Validation 21 1.53126 0.97681
Testing 21 1.42011 0.97743

2. The performance curve of the ANN model is  of the process, and the best performance is understood
shown in Figure 2. This curve only includes 11 iterations ~ from the validation curve to be obtained in iteration 5.

Best Validation Performance is 1.5313 atepoch 5
10 :

Train
Validation
Test

Mean Squared Error (mse)

0 1 2 3 4 5 6 7 8 9 10 1
11 Epochs

Fig. 2 Performance of the ANN model

3. According to the training, test and validation = According to this error histogram, areas where error is
results of the ANN model, the errors obtained by  close to zero include almost all of the data
subtracting targets and outputs are given in Figure 3.
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Error Histogram with 20 Bins

B Training ||
[ validation
I Test 1

- Zero Error

40
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T
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T

25
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Instances
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10

T

o
T

-3.836]]
-3.483

Errors = Targets - Outputs

Fig. 3 Error histogram of the ANN model

4. The approach curve between the target and the  in Figure 4. The test data used in forming this curve
output obtained after testing the ANN model are shown  number 21. The obtained approach coefficient is 0.977.

Test: R=0.97743

O Data

Output ~= 0.92*Target + 1

Fig. 4 Regression curve of testing
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5. The numeric results of the test and the

Figure 6. The graphical relationship between the

placement of test data used in the model are given in  first output of the two output model and its first target

Table 2.

can be seen in Figure 5. The graphical relationship

The graphs obtained from the numeric results of  between the second output of the two output model and
the test are shown in Figure 5 and

its second target can be seen in Figure 6.

35
--l— Output 1 -u-Target 1
30
1
25 '
E 50 »
£
< \A - . |
5 /
10 \ ’
5
0
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21
Testing Data Pattern
Fig. 5. Comparison of the outputl and targetl
30 ‘
‘ ———Output2 | —l—Target2 |
25 “ {
20 + 1 %
E i :
. |
> 15 7a\ i t J 4 F
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w |
o ¥ RER 7
I |
s LI ade |
| i i
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Testing Data Pattern
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Fig.6. Comparison of the output 2 and target 2
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CONCLUSIONS

When the numerical and graphical results obtained
from the ANN model used in the study are evaluated,
the following statements can be made:

1. The approach coefficient found after testing the
ANN model in Table 1 being close to 1 as 0.974 shows
that the model produced a very successful prediction.
Measuring skinfold thickness in disable individuals
can sometimes be hard because of compliance issues.
It is understood that skinfold thickness, which is a very
valuable measurement in determining nutritional status
in disabled individuals and especially autistic children,
can be measured with high accuracy using an ANN
model.

2. When the performance curve of the ANN model
in Figure 2 is examined, the error can be seen to not
change and be very low after iteration 11. It is seen from
the performance curve that the ANN model was trained

Table 2. Testing data results

Determining Skinfold Thickness through Artificial Neural Networks

with high accuracy and that gene test and validation
rates are very close to one. When it is considered that
the squared median error from the performance curve is
also very low, it can be seen that the ANN model made
a very successful prediction.

3. When the error histogram in Figure 3 is
examined, it can be seen that for most of the data, error
is very close to zero, which is very important regarding
the success of the ANN model.

4. When the approach curve in Figure 4 obtained
from testing the ANN model is examined, the curve can
be seen to be very compliant. This is important with
regard to the success of the ANN model

5. When the test data outputs in Table 2 are
compared to the targets, they can be seen to be very
close. This is important in numerically solidifying the
success of the ANN model.

Data Number Indices Output 1 Target 1 Output 2 Target 2
1 3 15.47 14.00 10.79 12.00
2 10 18.90 19.00 13.90 16.00
3 13 14.37 14.50 9.83 11.00
4 23 16.96 18.00 11.27 12.00
5 42 13.46 15.00 9.47 11.00
6 44 15.88 17.00 10.51 12.00
7 46 8.55 8.00 4.97 4.50
8 50 11.34 9.50 6.32 6.50
9 54 13.04 11.00 6.61 6.10
10 60 7.96 9.00 4.97 5.20
11 65 12.27 10.50 6.35 5.50
12 69 6.90 6.00 4.99 5.00
13 81 15.49 16.00 10.13 8.00
14 82 18.07 17.00 12.68 12.00
15 86 17.91 16.50 12.75 13.00
16 95 16.78 18.00 11.49 11.00
17 96 25.95 29.00 26.20 27.00
18 101 22.38 21.00 18.02 17.00
19 119 17.50 19.00 12.31 12.00
20 134 17.39 16.50 11.78 12.00
21 135 20.73 21.00 15.08 15.00

Cilt / Volume: 6, Say1/ Issue: 3, 2016
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6. When the comparison graphs in Figure 5 and
Figure 6 are examined, the great amount in which
those overlap can be seen. The ANN model can thus
be understood to have made successful and appropriate
predictions according to those graphs.
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Quadrotor’un Yoriinge Takibinin Kesir Dereceli PI Kontrolcii ile
Gercek Zamanh Kontroli

Abdullah BASCI!

OZET: Bu calismada Quadrotor olarak adlandirilan ve dort pervaneli insansiz Hava Araci (IHA) olak
rak da bilinen mikro helikopterin y&riinge kontrolii Kesir Dereceli Oransal-Integral (KDPI) kontrolcii
ile gercek zamanli olarak gerceklestirilmistir. Ayrica, KDPI kontrolciiniin performansini karsilagtirmak
amaci ile parametreleri iyi uyarlanmis klasik Oransal-integral (PI) kontrolcii ile de Quadrotor’un yo-
riinge kontrolii gergeklestirilmistir. Deneysel ¢alismada kullanilan mikro IHA GPS, sonar, kamera ve
diisiik maliyetli atalet sensorleriyle donatilmistir. PI ve KDPI kontrol yontemleri kapali ortamda deney
diizenegi olarak belirlenen Quadrotor’a helix ve sonsuz referans rota takibi i¢in ayr1 ayri uygulanmis ve
her iki kontrolciiye ait deneysel sonuglar verilerek kontrolcii performanslar1 kiyaslanmstir.

Anahtar kelimeler: IHA, kesir dereceli PI, quadrotor, ydriinge takibi
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Real Time Trajectory Tracking Control of a Quadrotor Using
Fractional PI Control

ABSTRACT: In this paper, real-time trajectory tracking control of a four propellers Unmanned Aerial
Vehicle (UAV) called the Quadrotor, also known as micro helicopters is realized by using fraction-
al-Order Proportional-Integral (FOPI) controller. A well-tuned conventional Proportional-Integral (PI)
controller is also applied to the UAV for comparison with the FOPI controller. Micro UAV is equipped
with GPS, sonar, camera and low cost inertial sensors. PI and FOPI control methods are applied to a
Quadrotor in the indoor for tracking helix and lazy eight reference route respectively. Results are given
for both controllers and performances are compared.

Key words: Fractional order PI, quadrotor, trajectory tracking, UAV
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GIRIS

Otonom insansiz hava araclar1 (IHA) giiniimiizde
dogal afetler, arama-kurtarma, ticari, sinir giivenligi,
askeri ve akademik caligmalarda artan bir ilgiye
sahiptir. IHA veya Quadrotor dért rotor tarafindan
yonlendirilebilen bir hava aracidir. Pervanelerin
mekanik yapis1 siradan bir helikoptere gore daha
basittir. Bununla birlikte, Quadrotor kararsiz bir
yaptya sahip oldugu icin kontrolii olduk¢a zordur.
Quadrotor’larin dogasinda bulunan kararsizlik ile
basa ¢ikmak igin kontrol miihendisligi alanindaki
ilerlemeler sayesinde bu araclarin askeri, giivenlik
ve gozetim sistemleri alanlarimdaki kullanimlari
artmaya baglamistir. Quadrotor’lar hizli ve karmasik
manevralar1 (Mellinger et al., 2010), yapilandirilmis
(Achtetil etal., 2009) ve yapilandirilmamis (Bléandsch
et al., 2010) ortamlarda otonom rota izlemeyi
ve tasimacilik (Michael et al., 2011) islemlerini
gergeklestirebilir. Akademik g¢aligmalarda kullanilan
Quadrotor’lar genellikle 6zgilin tasarima sahip olup
gerekli yardimc1 donanim ve yazilim destegine ihtiyag
duyarlar. Bu acidan gelistirilen prototiplerin klasik
kontrol yontemleri ile test edilmesi ve elde edilen
sonuglara gore gerekli diizenlemelerin yapilabilmesi
akademik caligmalar agisindan 6nemlidir.

Quadrotor’larin yoriinge kontrolii iizerine farkl
yaklagimlar Onerilmistir. Kamera yardimiyla gorsel
geri bildirim kullanilarak dogrusallagtirma ve geri
adim kontrolciileri ile yapilan ¢alismada (Altug et
al., 2002); Quadrotor’un dikey ve sapma hareketleri
sinirlandirilarak kontrol islemi gergeklestirilmis ve
deneysel sonuclar sunulmustur. Diger bir ¢alismada;
model tabanli PID ve dogrusal kuadratik (Linear
quadratic- LQ) kontrol yontemleri karsilastirilmis
(Bouabdullah et al., 2004), klasik PID kontrolciiniin
yonelme acilarindaki kiiclik bozulmalarda etkili
oldugu ve LQ kontrol ydnteminin model hassasiyetine
bagli olarak basarili sonuglar verdigi belirtilmistir.
Bir diger calismada, dogrusal olmayan kontrol
yontemlerinden geri adimlamali ve kayan kipli
kontrolcii yontemleri agik ve kapali dongii olarak test
edilmistir (Bouabdullah and Siegwart, 2005). Kayan
kipli kontrol yonteminde sensorlerdeki diisiik genlikli
titresimler nedeniyle kismen kontroloriin dogasindaki
anahtarlamaya bagli olarak ortalama sonuclar elde
edilmis, geri adimlamali kontrolériin ise ydnelme
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acgilarindaki yiiksek diizensizliklerde basarili oldugu
da belirtilmigtir. Gabriel M. Hoffmann ve arkadaglari
tarafindan yapilan ¢alismada (Hoffmann et al., 2007)
Quadrotor’larin havada sabit konumda kalma anindaki
sapma miktarlar1 incelemis ve ii¢ ayr1 aerodinamik
etkiyi (ara¢ hizi, hiicum agis1 ve govde tasarimi)
g6z Oniinde bulundurarak teorik bir yaklagim ve test
ugus sonuglar1 sunulmustur. Quadrotor’larda yoriinge
izleme kontrolii lizerine yapilan ¢alismada (Hoffmann
et al., 2008) ise takip edilecek yolu belirleyen giris
isareti yoriingeye ait noktalarin koordinatlar1 ve
istenilen hizlar olarak kabul edilmistir. Bu sekilde
yapilacak olan kontrol isleminde de Quadrotor’un
yoriingeyi takip edebilmesi i¢in kontrol giriginin
her yeni koordinat noktast ve hiz icin siirekli
giincellenmesi gerektigi belirtilmistir. F. Solc durum
degiskenleri yaklagimini kullanarak Quadrotor i¢in bir
kontrol yaklagimi dnermistir (Solc, 2007). Dikey hiz
ve agilart bir i¢ kontrolcii ile kontrol ederek sistemi
daha basit bir halde ele almistir. Tomas Krajnik ve
arkadaglar1 sanal gerceklik oyunlari i¢in tasarlanmis
olan bir Quadrotor ile yaptiklar1 ¢calismada (Krajnik
et al., 2011) Quadrotor’u i¢ ve dig dongii kontrol
yapisina gore modelleyip kontrol etmislerdir. Deneysel
calismalarinda Quadrotor kontrolii ile birlikte goriintii
tabanli navigasyon ve otonom izleme sonuglar1 da
verilmistir.

Kesir dereceli hesaplamalar konusunda yapilan
calismalar eskiye dayanmasina ragmen giiniimiizde
yeni bir konu gibi ele alinmakta ve 6zellikle kontrol
alaninda bir¢ok calisma yapilmaktadir. Kesir dereceli
hesaplama ile ilgili ilk girisimler G.W. Leibniz (1965)
ve L. Euler’e (1730) dayanmaktadir. Kesir dereceli
hesaplamalarin temel matematiksel analizi (Oldham
and Spainer, 1974), diferansiyel
denklemlerin ¢6zliimii (Podlubny, 1999a; Podlubny,
1999b) ve miihendislik alanindaki uygulamalar1 (Das,
2008) gibi temel ¢alismalar mevcuttur. Son yillarda ise
kesir dereceli kontrolciiler artan bir ilgiye sahip olup
kontrol uygulamalarinda siklikla tercih edilmektedir
(Valerio and Sa Da Costa, 2005; Xue et al., 2006;
Lou et al., 2009; Monje et al., 2010; Ramezanian
and Balochian, 2013). Zira yapilan bu g¢alismalar
kesir dereceli kontroldrlerin tam deger dereceli
kontrolciilere oranla daha iyi sonuglar verdigini
gostermektedir.

kesir dereceli
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Quadrotor’un Yériinge Takibinin Kesir Dereceli PI Kontrolcii ile Gergek Zamanli Kontrolii

Bu calismada Quadrotor’un yoériinge kontrolil
KDPI gercek
gerceklestirilmis ve kontrolciiniin performansini

kontrolci ile zamanli olarak
test etmek amaci ile parametreleri iyi uyarlanmig
klasik PI

karsilagtirilmistir.

kontrolcii uygulama sonuglar1 ile
Uygulama KDPI
kontrolciiniin Quadrotor’u PI kontrolciiye oranla

sonuglari,

istenilen konuma daha az hata ile ulastirdigi ve daha
az salinim ile araci stabil tuttugunu ve degisken
sistem sartlar1 altinda yoriinge takibi agisindan daha
iyi sonuglar verdigini gostermistir.

Govde ekseni

MATERYAL VE METOD
Mikro IHA’nin Dinamik Modeli

Quadrotor’un dinamikleri alt1 serbestlik dereceli
bir cismin wuzaydaki hareketine benzemektedir
(Tayebi and McGilvray, 2006) ve bu alt1 serbestlik
derecesi I:[ex,ey,ez] ile ifade edilen atalet ekseni
ve B=[e,e,e,] ile ifade edilen govde ekseninde
tanimlamaktadir. Quadrotor’un konumu &=(x,y,z)7,
dogrusal hizlar1 v=(x,y,2)T ve agilart 5=(®,6,¥)"
olarak gosterilmektedir.

Atalet ekseni

Sekil 1. Quadrotor eksenleri

Aracm govde ekseni ve atalet ekseni arasindaki
iligki ise rotasyon matrisi ile ifade edilir ve son olarak
agisal hizlar ile belirtilmektedir. Béylece Quadrotor’un
dinamik denklemleri asagidaki gibi yazilabilir.

mv = TRe, — mge, \
I0=-Q*x10 -G+t
E=v,n=0
mé =TRe, —mge,
lij=-n*In—-G+rt

R =R-sk(Q) J

( (1

[Iee ]

Denklemlerde “m” Quadrotor’un kiitlesini, “/”

ataletini, “g” yercekimini, “G” Jiroskopik torklari,
“sk( )’ ise ters-simetrik
(a,b €R® - sk(a), b=ax b),1=[T1 T

ise torklar1 ve “7” ise rotor kuvvetleri tarafindan olugan

matrisini,
3]

toplam itme kuvvetini temsil etmektedir;

Tzifi (2)
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“j:” ; 1 . rotor tarafindan olusan “(x)i” rotor agisal
hizi ile belirlenen kaldirma kuvvetini ifade etmektedir.

fi = bw; (3)
Jiroskopik torklar;
4
G= ) 1@+ e)(~D* o @
i=1
tork ifadeleri ise;
T, b(wi — w3)
H ) bla; — i) )
L d(—0? + 0% — 02 + w?)

burada “b” itme faktori, “d” ise siiriiklenme
faktorlinii ifade eder. Boylece Quadrotor’un tipik
dinamik modeli asagidaki sekilde

(Qianying, 2014).

gosterilebilir
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x = v,
y = y
z = v

v, =—(sin(y) sin(6) cos(¢) — cos(y) sin (4’))%
v, = —(cos(¥p) sin(8) cos(¢) + sin(yp) sin (4’))%

cos(8) cos(¢)) % -9

v, =
¢? = p+sin(¢p) tan(8)q +cos(p)tan(6) r [ (6)
0 cos(¢)q — sin(¢p) r
Y = sin(¢) sec(8) q + cos(¢) se c(8) r
) I, -1, I, T,
p= ( I )qH(Ix)qUJrE
Iz B Ix r Ty
q < I )pr+<1y)q0+ly
N TG
I, I,
Denklemlerde, “I _” Quadrotor gévdesinin X,y,z
eksenlerindeki ataletini, U= —w; + W, — W3 + w,

ise rotorda jiroskopik etkiye neden olan, saat yoniiniin
tersinde dakikadaki artik devirleri ifade etmektedir.
Quadrotor’un ydriinge takibinde referans konum ve
referans durus agilari;

()= [xr(t)l:Vr(t)JZr(t)]T}

n(®) = [¢,(0,6,(0), % (O] M

olarak verilsin. Referansa gore yoriinge izleme
hata sinyalleri de asagidaki gibi tanimli olsun.

Ef = [f_fr'é_ér]T, — [U—Ur'ﬁ—flr]T (8)

boylece hata sinyallerinin tiirevleri agsagidaki gibi
ifade edilebilir.

Ef = A1E§ + B1(g_gr) > En = A1En + B, (i — i) 9)

Denklemde, 4; € R®*®, B, € R®*® olmak iizere
asagidaki gibi tanimlanir.

[000100] [000]
[0 0 0 0 1 0 [0 0 0]
1o o o 0o o0 1| _lo o ol
‘I000000|’31‘|100I (10)
l000000J l010J
0 00 0O0O0 0 0 1

Esitlik 1. de & ve 7j ‘e bagh olarak verilen dinamik
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esitlikler; konum kontrol (dig dongii) ve durus kontrol
(ic dongii) alt sistemlerinin rotasyon matrisi araciligi
ile birlestirildigi kaskad bagli bir yap1 olarak kabul
edilebilir (Zhao et al., 2015). Boylece dogrusal olmayan
bir sistemi, iki dogrusal alt sistemin dogrusal olmayan
bir terim araciligi ile birlestirildigi yap1 olarak ele
alabiliriz. Sistemi kaskad yapida birlestirmek i¢in sanal
ya da ara kontrol isareti olarak y = [y;,7,,75]7 € R3
tanimlanmistir. Bu tanimlamadan sonra agik dongii
kontrol yapist Esitlik 9. daki f ve 1] terimleri yerine
Esitlik 1.”deki ifadeleri yazilarak elde edilebilir.

E¢ = AEg + By (y — &) + By(=Re, — ge, ) .
E, = AE, +B,(I""(t—n*1n —G) — #,) (1)
Burada fA (T,y, ez) = B1(£Rez —gé; — 12) ifadesi

ic dongli ve dis dongii alt sistemleri arasindaki
baglantiy1 saglayan birlestirici terimdir (Kendoul et al.,
2010). Bu ¢aligmada kullanilacak olan kontrolcii yapisi
icin kontrol edilecek durumlar &(z) ve (f) olarak
belirlenmis ve bu nedenle yoriinge takibi i¢in &,.(t)
ve P, (t) referans isaretleri kullanilmistir. Ara kontrol
isareti ¥ = [11,72,¥%1"; Kendoul ve arkadaslarinin
yaptig1 calisma (Kendoul et al., 2010) 1s181inda agsagidaki
gibi yazilabilir.

v1 = - (cos(,) sin(6,) cos($,) + sin(,) sin(4,)) |
Y, = %(Cos(lpr) sin(0,) cos(¢,) — sin(y,) sin(¢,)) ? (12)
Y = %(cos(@r) C05(¢r)) -9 J

Esitlik 12. kullanilarak,

T =myy? +v} + (V3 +g)2 )
¢, =sin~( TV1 siny, — cosd)r ¥
13
6, = tan~ (X cosy, + )J (13)
V3+g

denklemleri elde edilir. Bu noktada Y ve T kontrol
isaretlerini elde etmek i¢in yapilacak olan kontrol
tasarimmin  hedefi E; ve E; hata sinyallerinin
asimptotik sifira yakinsamasi iizerinedir (Zhao et al.,
2015). Esitlik 11.’de fa birlestirici terimi gegici olarak
gbz ardi edilerek dis dongii kontrolcii yapisi olarak
E¢ = fg, ve i¢ dongii kontrolcii yapisi olarak E,=f, E,
belirlenebilir.

Quadrotor’un Kontrol Yapisi
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Quadrotor’un Yériinge Takibinin Kesir Dereceli PI Kontrolcii ile Gergek Zamanli Kontrolii

Hava aracinm & =(x,y,Z) konumunda ve
yalpalama agisininda i (yaw) oldugu kabul edilmistir.
Bu hava aracim v agist ile &,.(x,,y,,2,) konumuna
hareket ettirmek i¢in tasarlanacak olan denetleyici i¢in
onceki boliimde bahsedilen dig dongii kontrol yapisina
gbre bir tasarim diigliniilmiistiir. Bdoylece i¢ dongii
kontrolciisii i¢in gerekli olan girisler tasarlanan dig
dongii kontrolciisii ile saglanmis olur. Mevcut deneysel
diizenekte i¢ dongii kontrolcii olarak parametreleri iyi
ayarlanmis bir klasik PID kontrolciisii bulunmaktadir.
D1s dongii kontrolciisii verilen referans rotaya gore

konum hata isaretlerini igleyip i¢ dongii kontrolciisiine
quadrotor i¢in a¢1 referanslarimi iiretecektir. Boylece
dogrusal olmayan bir yapiya ve 6 serbestlik derecesine
sahip olan quadrotorun ydriinge kontrolii i¢in kontrol
edilecek degiskenlerin sayisi azaltilmigtir. Yoriinge
izleme hatasini (E;) (asimptotik sifira yakinsamak igin
dis dongili kontrolciisiiniin ¢ikist olan araci kontrol
igsareti y(z) elde edilecek ve i¢ dongili kontrolciisiine
ac1 referansi olarak aktarilacaktir. Sekil 2. de yoriinge
kontrolii i¢in kullanilan i¢ ve dis dongii kontrol yapisi

goriilmektedir.

—¥

]Ibl(plg

S

M\ Yr .
e — v
—> Y1 o 1y
Referans . -
orii / > Dogrusal > _
Yorunge | Jr e Kontroli | T2
Konum | Y2 Olmayan | g 2 5 st
Zy« Kontroli [~ Birlegtiricil 3, T3 sibiuior
—3 Terim
— V3 > (Denk.12) | >
»-
N7 \

X,V.2

Sekil 2. Kontrol yapisi

Kesir Dereceli Kontrol

Kesirli hesaplama, tiirev ve integralin tamsay1
olmayan dereceleri i¢in D gibi bir gosterimle
genellestirilmis halidir. Bu gosterimde a ve t islemin
sinirlar1 ve p € R ’dir. Bu islemin siirekli integro-

diferansiyel tanimi asagidaki sekildedir.

(&
iﬁ p>0
e (14)

Itft(dr)‘p ip <0

Kesir dereceli tiirev ve integral icin ¢esitli
matematiksel tanimlar mevcuttur (Oldham and Spainer,
1974; Podlubny, 1999a). Bu tanimlar arasinda iki tanesi
daha yaygin olarak kullanilir. Griinwald-Letnikov (GL)
tanim1 ve Riemann—Liouville (RL) tanimi1. GL tanim

asagidaki gibidir;

Cilt / Volume: 6, Say1/ Issue: 3, 2016

5]

DF £(O) = Jim h~? Z (-1) (‘]’) fe—jh)  (15)
j=0

Burada [.] ifadesi tam say1 kismi ifade eder, RL
tanimi ise asagidaki gibidir.

1 adan . f@
p — -
D f) = I(n—p) dt"L (t— r)p—n+1 dt (16)
(m=1<p<n) jein, ') Euler’s gamma

fonksiyonunu, “a” baslangi¢ zamanini ve “#” ise tiirev
ve integral almirken kullanilan parametreyi temsil
eder. Kesir dereceli PI kontrolciiniin genel gosterimi

P seklindedir ve transfer fonksiyonu asagidaki gibi
ifade edilir.

K.
C) =K, + (17)

Quadrotorun yoriinge takibi i¢in anlik konum hatasi
X =§&—¢, olarak tanimlanirsa kullanilacak kontrol
isareti agagidaki gibi tanimlanabilir.

K.
Y(0) = KX (O + X (18)

53



Abdullah BASCI

Burada “A” kesir derecesini, “Kp” ve “K.”ise oransal
ve integral kazang sabitini belirtmektedir. Literatiirde
“N, “K)7 ve “K[” parametrelerinin optimizasyonu
icin farkli yontemler Onerilmistir. Bu ¢alismada
gouadrotor’un modeli tam olarak belirlenemediginden
kontrolcii parametrelerin belirlenmesi igin deneme
yanilma yontemi kullanilmistir.

BULGULAR VE TARTISMA

Quadrotor’un yoriinge kontrolii ger¢ek zamanlh
olarak KDPI kontrolciiniin performansinit gostermek
icin farkl referans yoriingeler icin gerceklestirilmistir.
Ayrica, KDPI kontrolciiniin performansi PI kontrolcii
ile mukayese edilmistir. Quadrotor’un baglangic

noktasina erisimi ve yoriinge takibi esnasinda x-y
eksenlerindeki yoriingeden ayrilma miktar1 kontrolcii
performansi agisindan bilgi vermektedir. Kapali alanda
1-2 m/s hizla gerceklestirilen uguslardaki konum
hassasiyeti seyahat mesafesinin %10’u kadardir. Ayrica
sonar tabanli yiikseklik 6l¢iimiindeki hata orani %20
civarindadir ve bu oran aracin altindaki yiizeye bagl
olarak ta degismektedir.

[k olarak kontrolcii performanslar1 sonsuz isareti
yoriinge referansi igin test edilmistir. Referans yoriinge
300 nokta olarak tanimlanmig ve 1 metre yiikseklikte
2 metre genislik ve 2 metre uzunluk olarak verilmistir.
Quadrotor ydriinge kontroliinde PI  kontrolcii
kullanilmasi sonucu gergeklesen uygulama sonuglari
Sekil 3’de gosterilmistir.

15 T
- 10
1 Referans o Referans
E Gergek ﬁ Gergek
= 0 > s g p Grd N
x N £ \
5 l
R T I
15 L L L L L L L L % 10 X X X X X X X X |
0 5 10 15 20 25 30 3 40 45 > 5 10 15 20 25 30 35 40 45
Zaman (sn) 5 Zaman (sn)
15 8
i 25
1 y p Referans 8 Referans
g . Gerceﬁ g ~ Gergek |
> / &
J N\ s
-1 2 . . . . . . . .
15 5% 5 10 15 20 25 30 35 40 45
~o 5 10 15 20 25 30 35 40 45 > Zaman (sn)
Zaman (sn)
15 10
2 ~Referans
e S I
Tos ~Referans \ E 0
Gergek g
0 L . . . . . . 1 . & 5 . . . . . . . . .
0 5 10 15 20 25 30 35 40 45 (] 5 10 15 20 25 30 35 40 45

X (m)

Zaman (sn)

Zaman (sn)

Sekil 3. Quadrotor’un sonsuz ydriinge referansi i¢in PI kontrolcii altinda deney sonucu

Sekilde, referans ve gercek yoriinge ile birlikte
referans ve gercek x-y-h konum ve ag1 isaretleri
verilmistir. Sekilden de goriildigli gibi, referans
yorlingenin  yon degisim gosterdigi  noktalarda
Quadrotor’un yoriingeden koptugu ve ardindan salinim
yaptiktan sonra referans degere oturdugu goriilmektedir.

Ayrica  kontrolcii  tarafindan  {retilen referans
yalpalama ve yunuslama acilarmin siirekli olarak
salmim icermelerinden dolay1 Quadrotor’un referans
yoriinge etrafinda salinim yapmasina ve dolayisi ile
gercek yoriinge ile referans yoriinge arasinda hatalar
olugmasina neden olmustur.

@
g 10
Referans 5 ~—Referans
T Gergek T N ——Gergek
© 0 ” W A % WAAA
£
©
<
. . . . . . . . S
0 5 10 15 20 25 30 35 40 45 g 0 5 10 15 20 25 30 35 40 45
Zaman (sn) = Zaman (sn)
K
1 « P aN Referans I ~Referans
£ / — Gergek T2 ——Gercek
/ y PP /
Ny So / Vi
> 4 % b
. 7 %2
L L L L L L L L L 3_4 L L L L L L L L
0 5 10 15 20 25 30 35 40 45 >3_ 0 5 10 15 20 25 30 35 40 45
Zaman (sn) Zaman (sn)
@10
8 | — — Referans
g1 g 5’4 \\ —Gergek
Tos ~Referans. E 0 i
L G sl
[ 5 10 15 20 25 30 35 40 45 @ 0 5 10 15 20 25 30 35 40 45
Zaman (sn) Zaman (sn)

Sekil 4. Quadrotor’un sonsuz ydriinge referansi i¢cin KDPI kontrolcii altinda deney sonucu
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KDPI kontrolcii kullanilmast sonucu gerceklesen
uygulama sonuclar1 Sekil 4’de gosterilmistir. Sekilden
goriildiigli gibi, KDPI kontrolcii referans yoriingenin
yon degisim gosterdigi noktalarda PI kontrolciiye
oranla daha az sapma ile referans yoriinge takibini
gerceklestirmistir. Ayrica, kontrolcii tarafindan tiretilen
referans agilar PI kontrolcii tarafindan {iretilen referans
acilar ile karsilagtirildiginda daha diizgiin ve salinim
icermeyen isaretler irettigi ve gercek yoriinge ile

referans yoriinge arasindaki salinim ve hatalari PI
kontrolciiye oranla azalttig1 goriilmektedir.

Son olarak, kontrolcli performanslart helix
referans yoriinge icin gergeklestirilmistir.  Helix
referans kontrolciiniin x-y eksen degisimleri ile birlikte
z ekseninde olusacak degisimlere cevabini test etmek
icin kullanilmigtir. Quadrotor’un yoriinge kontroliinde
PI kontrolcii kullanilmasi sonucu gergeklesen uygulama
sonuclar1 Sekil 5°te gosterilmistir.

5 _
£, . \
= /

0

o=t

\u ~Referans

0 5 10 15 20 25 30 35 40 45 50 55 60 65

—_Gercek
0 510 15 20 2530 35 40 45 50 55 60 65
Zaman (sn)

Zaman (sn)

J
d Referans

— . Gergek

"% 5 10 15 20 25 30 35 40 45 50 55 60 65
Zaman (sn)

0 5 10 15 20 25 30 35 40 45 50 55 60 65
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Gevgek

Sapma (derece) Yunuslama (derece) Yalpalama (derece)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 o

5 10 ‘5 20 25 30 35 40 45 50 55 60 65

Zaman (sn) Zaman (sn)

Sekil 5. Quadrotor’un helix yoriinge referansi i¢in PI kontrolcii altinda deney sonucu

Sekilden goriildiigii gibi, referans yoriingede x-y
ekseni ile birlikte z- ekseninde de degisim olmasindan
sonra PI kontrolciide referans yoriinge takibinde hata
miktart artmigtir. Ayrica, kontrolcii tarafindan iretilen
referans yalpalama ve yunuslama agilarindaki salinimin
genlik degerinin de arttig1 goriliir.

KDPI kontrolcii kullanilmasi sonucu gerceklesen
Sekil 6’da

sonuclari

uygulama gosterilmistir.

Sekilden goriildiigii gibi, KDPI kontrolcii referans
yoriingenin z ekseninde de degisim gostermesine
karsin PI kontrolciiye oranla daha az hata ile referans
takibini
Ayrica, kontrolcii tarafindan iretilen referans agilarin

yoriinge gergeklestirdigi  goriilmektedir.
PI kontrolcii tarafindan {iretilen referans agilar ile
karsilastirildiginda daha diizgiin ve daha az salmim

iceren isaretler {irettigi goriilmektedir.
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Sekil 6. Quadrotor’un helix yoriinge referansi icin KDPI kontrolcii altinda deney sonucu
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SONUC

Bu calismada bir Quadrotor’un gercek zamanl
yoriinge takibi kontrolii kesir dereceli PI kontrolcii ile
gerceklestirilmistir. Ayrica kontrolciiniin performansin
test etmek adina parametreleri iyi uyarlanmig
geleneksel PI kontrolciide hava aracina uygulanmistir.
Elde edilen sonuglar, KDPI kontrolciiniin Quadrotor’u
PI kontrolciiye oranla istenilen konuma daha az hata ile
ulastirdig1 ve daha az salinim ile aracr stabil tuttugunu
ve farkli referans ydriinge takibinde daha iyi sonuglar
verdigini gostermistir.
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The Electrical Characterization Effect of Insulator Layer between
Semiconductor and Metal

fkram ORAK'"2 Adem KOCYIGIT?

ABSTRACT: Metal-Insulator-semiconductor contacts (MIS) have been studied its importance in
electronic and optoelectronic. Their importance comes from its so high dielectric constant, storage layer
property and effect of capacitance. For this reason, Si,N, were deposited with PECVD technique on
p-type Si about 5 nm thickness layers. The thicknesses of Si,N, were measured with an elipsometre and
obtained MIS contact with Al contact. It was researched the insulator layer effect on the Al/p-Si contact.
Its electrical characterizations were inquired by use of the forward and reverse bias I-V, C—V and G-V
measurements and were seen that the insulator Si,N, layer influenced characterizations of the contact.
Effect of the interface states (N ), the series resistance (R) and the other some electrical parameters
were investigated by calculating from /-V and C—V measurements. It was observed that from the C-V
characterizations at 500 kHz dual, contact behaved similarly memristor structure.

Keywords: Al/Si,N,/p-Si, capacitance behavior, metal-insulator-semiconductor structure, Schottky
diode

Metal ve Yariiletken Arasindaki Yalitkan Tabakanin Elektriksel
karakterizasyon Etkisi

OZET: Metal-yalitkan-yariiletken (MIS) aygitlar elektronik ve optoelektronikteki onemlerinden
dolay1 ¢alisilmaktadir. Bu 6nem aygitlarin yiiksek dielektrik sabitine, depolama tabakasi ve kapasitans
ozelliklerine sahip olmalarindan kaynaklanmaktadir. Bu yiizden Si,N, tabakasi p-tipi Si lzerine
PECVD teknigi kullanilarak biiyiitiilmiis, kalinlhigi elipsometre ile 5 nm olarak oSlgiilmiistiir ve Al
kontak sayesinde MIS yapisi elde edilmistir. Elde edilen Al/p-Si yapisi tizerine Si,N, tabakasinin etkisi
aragtirilmigtir. Bunun igin aygitin elektrik karakterizasyonlari ileri ve ters beslem I-V, C-V ve G-V
ol¢timleriyle yapilmis ve yalitkan Si,N, tabakanin diyot 6zelliklerini oldukga etkiledigi goriilmuistiir. Ara
yuzey halleri (N, ), seri direng (R) ve diger bazi elektriksel parametrelerin aygit lizerine etkileri /-V
ve C—V ol¢limlerinden hesaplanarak arastirilmistir. C-V Slgiimlerinden aygitin memristor bir yapi gibi
davrandig tespit edilmistir.

Anahtar Kelimeler: Al/Si,N,/p-Si, kapasitor 6zelligi, metal-yalitkan-yariiletken yapilar, Schottky diyot
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INTRODUCTION

Metal-semiconductor contacts (Schottky diodes)
are fundamental and mostly employed in technology
e.g. rectifiers, inverters, freewheeling and polarity
protection diodes (Sharma et al., 2004; Rajesh and
Menon 2007; Giillii and Tirit, 2010; Karatas et al.,
2013). From past to present, there has been increasing
attention of these contacts because they have used in
optic and electronic (Markyart, 2000; Sze and Kwok,
2007; Tatar et al., 2009; Orak et al., 2014). Current
conduction mechanism and barrier height forming in
these contacts are depend on several parameters such
as interfacial layer, series resistances, doping acceptor/
donor concentration of atoms, interface states density,
the thickness and homogeneity of barrier height and
interfacial layer, sample temperature and applied
bias voltage. But the performance and quality of
these contacts can be changed or improved by using
interfacial insulator layers (Bilkan et al., 2015). If an
insulator sheet for instance TiO,, SrTiO,, SiO,, SnO,
and Si,N, is inserted between semiconductor and metal,
the metal semiconductor structures change a metal—
oxide—semiconductor (MOS) structure (Tiiriit et al.,
2015) (> 100 A) or metal-insulator—semiconductor
(MIS) (Zeyrek et al., 2006) (< 100 A) based on the
thickness of insulator. Presence of some insulator layer
induces deviation from the ideal property which could
be detected the C—V and G/w—V measurements of metal
semiconductor contacts (Gokcen et al., 2012). The
important characteristic of insulator layer at the MIS
structure has a dielectric property which is resemble
a capacitor. If insulator layer between semiconductor
and metal is very thin ("30 A), electrical parameters
of this structure could be specified by /-V and C-V
characterizations. But the existence of more thickness

p-typeSi —

insulator layer at the interface, /-V characteristics
cannot be measured (S6nmezoglu and Akin, 2011).

In the present study, Al/Si,N,/p type Si contact
has been investigated according to insulator layer
effect at room temperature because of understanding
performance and quality of this contact.

MATERIALS AND METHODS

p-type Si wafer which was polished and cleaned
used for the deposition of the Al/Si,N,/p type Si
heterojunction has (100) orientation and 7.3 x 10%
cm™ carrier concentration according to manufactures
specifications. The wafer was degreased consecutively
in acetone and isopropyl alcohol with ultrasonic mixer
for 5 min. Before ohmic contact, the wafer p-type Si
was cut into pieces of 1.0 cm length by 1.0 cm breadth.
The degreased wafer was etched with HF:H,O (1:10)
for 30 second to take out the surface damages and
undesirable impurities. Aluminum was vaporized
(thermal) on another side of the p-type Si for the ohmic
contact and the p-Si/Al was puddled at 450 °C for 3
minute in N, ambience. The insulator layers have been
formed PECVD technique on p-type Si nearly 5 nm
thicknesses. (The ratio of Si;N,( SiH,:NH,, (185:45
sccm)) The schematic diagram of contact could be
seen in Figure 1. The Al contacts have been formed
by thermal vapor method as points with diameter of
around 1.0 mm on the front surface of the p-Si. The
thickness of metal coating was designated with a quartz
screen positioned in close intimacy to the Si. The /-
and C-V measurements of the diode were performed by
use of a Keithley 2400 Picoammeter/Voltage Apparatus
and HP 4192 A LF Impedance Analyzer.

< Schottky Contact
™ si,N, Layer

< Ohmic Contact

Figure 1. Schematic diagram of Al/Si,N, /p-Si Schottky contact

RESULTS AND DISCUSSION

It has been shown the typical semi-logarithmic
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I-V characteristics of the Al/Si,N /p-Si structure in
Figure 2.
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Figure 2. In/-V characteristic of Al/Si,N,/p-Si in dark at room temperature

According to this figure, contact has a rectifying
behavior under dark at room temperature. Important
diode parameters i.e ideality factor and barrier height
could be gotten from this graph. The ideality factor
(n) could be obtained from the gradient of the linear
region of the forward bias /-V plot and barrier height
(®,) could be found the current axis intercept of this
linear. The Current is given by the equation (E1-Nahass
etal., 2011);

I = Iyexp (%) [1 — exp (%)] (1)

where [ is the saturation current which is obtained from
the intercept of In/ vs V plot at V"= 0, written as

Iy = AA*T?exp (— %) 2)
where ¢ is the electronic charge, V is the applied
voltage, K is Boltzmann’s constant, 7 is the temperature
(=300 K), A" is the effective Richardson constant
(A" =32 A cm? K2 for p-type Si), 4 is the area of diode
(=7.85 x 107 cm?), @, is the Schottky barrier height
at zero bias and r is the ideality factor. The ideality
factor (for V' > 3kT/q) and barrier height specified
from the forward bias In/—V characteristics by use of
the Equations (1) and (2)
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q (av

n =i (o) )
and
kT A*AT?

o =T (*20) 4)

In respect of Equations (3) and (4), the worth
of the ideality factor (n) and the barrier height (®,)
of Al/Si,N,/p-Si Contact were accounted as 1.34
and 0.73 eV, respectively. These results have been
given in Table 1, also. The worth of ideality factor
has higher than from unity which is suggesting
Schottky contact is not ideal. If n equals unity, pure
thermionic emission occurs but n is usually greater
than one. This high ideality factor can be ascribed to
several influences i.e tunnelling process (Lee et al.,
2010) and irregular scatter of the interfacial charges
(Demircioglu et al., 2011), image-force -effect
(Sharma and Tewari, 2011), interface states (Orak et
al., 2015), barrier inhomogeneity (Roul et al., 2015)
and series resistance (Korucu and Duman, 2015).
High value of n verify the existence of an insulator
sheet between semiconductor and metal, also (Nasim
and Bhatt, 2013). In here, beside the insulator layer
of Si,N

,N,, a little amount of SiO, may be formed.

The barrier height (&,) and series resistance (R)
could be accounted also by Norde method (Giillii et
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al., 2012) and the Cheung’s functions (Cheung and
Cheung, 1986). If the Schottky contact has series
resistance, the clear amount current of the contact is
because of thermionic emission and could be stated
as for Cheung’s functions (Karatas et al., 2013);

I = Iyexp (— %) (5)

where IR_term is the voltage descent owing to series
resistance. The worth of the series resistance can be
calculated from the below equations:

v T

dnn ~ st (6)
kT 1

H) =V = () (772) )

where H(I) could be written as:

H(D) = IR, + n®, )

e H()
A dv/dinl

H() (V)

dV/dinl (V)

T
0.0 5.0x10°

T
1.0x107

2.0x107

T
1.5x107

Current (A)

Figure 3. dv/dIn/-I and H(I)-I graphs of Al/Si,N /p-Si Schottky contact

Equations (6) and (8) give a straight for the data
of decreasing curvature region of the forward bias
I-V plot. For this reason, the plot of dV/d(Inl) vs [
will be linear and obtain R_as the slope and nk7/q as
the y-axis intercept from Equation (6). Graph of H()
vs I according to Equation (8) will be also linear and
y-axis intercept will equal to n® . In here, n worth is
obtained from graphs of dV/d(Inl) vs I and so, @, is
accounted easily. The slope of H(I) vs I also gives a
second designation of R which could be indicated to
control the coherency of Cheung method. The graphs
of dV/d(Inl) vs I and H(I) vs I have been attained the
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forward bias I~V measurement of the Al/Si,N, /p-Si
contact and given in Figure 3. The values of n, @, R,
(dV7d(Inl)) and R (H(I)) have been accounted as 1.07,
0.81 eV, 4.13 KQ and 4.55 KQ, respectively. These
obtained results have been also given in Table 1 and
indicated the accuracy of Cheung’s method. There is
a small variation between the worth of the ideality
factor acquired from the decreasing curvature region of
the forward bias -V plot and the linear region of the
same characteristics. This variation could be ascribed
to the presence of influences i.e. the bias dependency
of the Schottky barrier height and the series resistance,
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charge of the interface states with bias in this concave
region of the /- measurement and according to the
voltage descent the interfacial layer (Demircioglu et al.,

2011). It is observed that the worth of » attained from
the forward bias In /-V plot is agreeing with that of the
dV/d(Inl)-I curves (Tatar et al., 2009).

Table 1. The experimental diode parameters calculated from /-}" measurements for Al/Si,N,/p-Si contact.

L0 D D L0} R Cheung R _Cheung R
1- Ch s s s
" (_ " on _eung (I-I;) Chelhmg Norhde (C—%/) (kQ ((k2 Norde
(eV) (eV) (eV) (eV) (H(D)) (dIn(D)) (k)
1.34 1.07 0.73 0.81 0.81 0.69 4.55 4.13 12.1

Norde method can be used as another technique
for calculating of the series resistance especially for
the high series resistance. The following equation
has been identified in the changed Norde method
(Karatas et al., 2013):

Vv kT (I(V)) )

FV) = ———
Wy =2 =\

where vy is an integer (y>n). Ideality factor is used from
thermoionic emission theory results and /(V) is current
acquired from the /-V curve. Firstly, using plot of the
FV)vsV

® can be obtained from Equation (10), where
F(V,) is the minimum point of (V) and V is the related
voltage.

(11)

From the F(V)-V plot (shown in Figure 4) by use
of F(V,) = 0.815 Vand V,= 0.044 V values, ® and
R_of the Al/Si,N,/p-Si contact have been calculated as
0.81 eV and 12.1 kQ, respectively.

The results of @ and R obtained from Norde
method has been given in Table 1. The barrier height
values are same and there is relative difference between

®, = F(V,) + Yo _ k_T] (10)  series resistance values obtained from Cheung and
o Norde methods.
[ ]
2.5+ O
|}
L
L]
L}
| |
i |}
|}
2.0 "
m
n
S "
- n
S h
% 154 "
L]
N ]
L}
F,=0.815 "
1.0 - i
"V =0.044
. min
1 1 1
0.0 0.5 1.0 15 2.0
Voltage (V)

Figure 4. F(V) vs V graph of Al/Si,N,/p-Si contact
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In/-V plot which have a non-linearity part at
high forward bias voltages shows a continuum of N
in balance with semiconductor. For diode, the energy
density scatter condition of the N was designated from
the forward bias /-V by considering efficient barrier
height (@), ideality factor n(¥) which is depend on
the voltage and R . The @, can be written as following
equation (Bilkan et al., 2015):

&, =d,+(1—-1/n(V))(V —IRy)

(12)

Since the ideality factor of a diode become all time
greater than one, it was suggested below formula by
Card and Rhoderick (Card and Rhoderick, 1971).

ST &

V=1+— N (V
n(V) +£i Wd+CIss()

(13)

where W, is depletion layer width and J is the
thickness of the insulator sheet at the interface. €,
and & are permittivity of interfacial layer and the
semiconductor, respectively. For diode, proposed
the energy density scatter of N can be found from

the forward bias /-V data by using voltage dependent
of effective barrier height(®,) and ideality factor
(n(V)) by which suggested by Card and Rhoderick
(Card and Rhoderick, 1971):

(14)

1re; &
M) =[50 - )|

In addition, for p-type semiconductors, the energy
of the N as regards the upper of the valance band (E)
at the semiconductor surface can be accounted as

Ess - Ev = q(d)e - (V - IRS))

(15)

where the IR term is the voltage descent on the R. The
energy density distribution profile of N with (inset
of Figure 5) and without R that is obtained from the
forward-bias /- has been indicated in Figure 5. It could
be observed that the N worth with series resistance
are lower than those obtained without considering the
R_. These results advised that the R value should be
considered in definition the energy density scatter of N
(Bilkan et al., 2015).

a0t 4
.o
4x10"°- °,
o &~ 3x10%
o.. _5
... % 2x10"

< 3x10"° 4 % ) z

£ * 1x10% 4

o L™
- *

3 ®e ¢ T T T
- 2X1 015 o ° a 0,70 0,72 0,74 0,76

[7)] ° Ess-Ev (eV) (with Rs)

z o

¢ °
*e
1x10" ..
°
®
°
°
°, "
0 T T T T T
0,0 0,2 0,4 0,6 0,8
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Figure 5. N _-(E_-E ) graphs with R_and without R_
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C-V and G-V graphs could be observed in Figure
6 and 7, respectively for Al/Si,N,/p-Si contact. The
existence of the capacitance peak in the forward bias on
C—V graphs was surveyed on MIS contact and attributed
to the molecular arrangement of the series resistance
and interface states (Biilbiil et al., 2006). It has been in
Figure 6 that the change in frequency affects the worth
and status of C—V peaks. Moreover, the capacitance
values have increased with the frequency decreasing.
The high capacitance values at low frequencies could
be ascribed the existence of the interface states at the
Al/Si,N,/p-Si contact (Ataseven and Tataroglu, 2013).
In other words, charges at the interface states can chase
the changing current (ac) signal at low frequencies.
However, towards to high frequencies, these charges

cannot chase the ac signal and not support to the
capacitance (Yahia et al., 2011). But the conductance
values have increasing tendency towards to high
frequencies. These conclusions could be seen in Figure
6 and 7 for capacitance and conductance, respectively
in Al/Si,N,/p type Si junction contact. In here, each
C-V plot for different frequency has three regions
(accumulation, depletion and inversion) could be seen
in Figure 6, with a thinking voltage-axis change towards
the reverse bias because of the interface states which
is in balance via semiconductor. Similarly, Figure 7
has been indicated the changing of the conductance in
the depletion zone for the same frequency alteration,
showing the presence of several time-dependent
reactions of interface states (Biilbiil and Zeyrek, 2006).

9
1210 T 0 KAz

®— 20 KHZ
1,0x10° 44— 50 KHZ
v— 100 KHZ
<4— 200 KHZ
»— 300 KHZ
—e— 400 KHZ
» |*—500 kKHZ
6,0x107" 4 o 500 KHZ
*— 700 KHz
—a— 800 KHZ
=900 KHZ
—e— 1 MHZ

8,0x10™"

tance (F)

Capac

4,0x10""

2,0x10™ -

0,0

Voltage (V)

Figure 6. The capacitance-voltage (C—F) characteristic depending frequencies for AI/Si,N, /p-Si contact
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3.0x10° 1 o 20 kHz
—&— 50 kHz
2.5x10° 4—¥— 100 kHZz
—e— 200 kHZz
—<¢— 300 kHz
—>— 400 kHz
—e— 500 kHz
1.5x10° 4—*— 600 kHz
—e— 700 kHz
—e— 800 kHz
—+— 900 kHz
—<—1 MHz

2.0x10°

1.0x10°°

Conductance (F/s)

5.0x10™

.........

Voltage (V)

Figure 7. The conductance-voltage (G-V) characteristic depending frequencies for Al/Si,N, /p-Si contact
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The C*-V graphs of Al/Si,N,/p type Si junction
contact have been shown for various frequencies in
Figure 8. It has been seen from this figure, the C*-V
graph shows a straight in extensive voltage interval
and the diffusion potential which is given in Table
2 is attained with extrapolation of straight lines to
the voltage axis. It is known that intercept and slope

voltage of the C->—V plot is dependent on the density of
interface states and interface insulator sheet (Sztkowski
and Sieranski, 1992). The C>-V graphs point out that
the ac signal could not been follow by interface states
and inversion layer charge in the depletion region,
particularly in the accumulation and strong inversion
(Biilbiil and Zeyrek, 2006).

8.0x10% &y

6.0x10%

4.0x10”°

1/(Capacitance)Sq (F?)

2.0x10%°

—=— 10 kHz
—o— 20 kHz
—4a— 50 kHz
~v— 100 kHz
—e— 200 kHz
—<— 300 kHz
—»— 400 kHz
—e— 500 kHz
—*— 600 kHz
®— 700 kHz
—a— 800 kHz
—+—900 kHz

-

Voltage (V)

Figure 8. The C -V plot of different frequencies Al/Si,N,/p type Si contact

The other some important electrical parameters
of diode such as, Fermi energy level (E,), intercept
voltage ¥, the width of the depletion region (), the
concentration of acceptor atoms (N ), the image force

barrier lowering (A®,) and the values of barrier heights
of &, were calculated the capacitance-voltage (C-V)
measurements at 10 kHz to 1 MHz frequencies and all

of them given in Table 2 for obtaining diode properties.

Table 2. The various parameters of Al/Si,N,/p-Si MIS contact obtained from C—V in the different frequencies

f&Hz) N, (10%em?) V,(V) E,(eV) A® (eV) @, (V) W, (10°cm) E, 109V cm?)

10 1.645 0.889  0.178  0.0158 1.051 8.435 2.077
20 1.404 0944  0.189  0.0157 1.117 9.407 2.035
50 1.259 0736 0.192  0.0143 0.914 8.807 1.701
100 1.063 0.804  0.196  0.0141 0.986 9.979 1.637
200 1.129 0714  0.195  0.0139 0.895 9.167 1.586
300 1.075 0.633  0.196  0.0133 0.816 8.805 1.467
400 1.079 0482  0.196  0.0125 0.666 7.705 1.285
500 1.129 0623  0.195  0.0134 0.804 8.563 1.485
600 1.056 0.605  0.196  0.0131 0.788 8.728 1.416
700 1.040 0.555  0.197  0.0128 0.739 8.382 1.355
800 1.097 0.578  0.195  0.0131 0.761 8.367 1.412
900 1.040 0542  0.197  0.0127 0.726 8.284 1.340
1000 1.039 0.508  0.197  0.0125 0.693 8.063 1.292

Capacitance of depletion layer can be written as (Sze, 1981).
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_2(lr+ V)
qeNgA?

-2

(16)

here, V, is the reverse bias voltage, N, is the acceptor
concentration of doping element and Vis the intercept
voltage at zero bias and can be acquired by means
of extrapolation of the C->-V plot to the voltage axis.
Accounted N, values have been given in Table 2 for
different frequencies. From V, values, the diffusion
potentials (V) at zero bias can be found by use of below
equation;

KT
Vd=Vi+7

(17

The depletion layer widths (W) of the contact
were also accounted from C?—V plots at for different
frequencies below equation;
Wa = ((2&5£0Va)/qNo)"?

(18)

The Fermi energy level could be calculated as

With
m* 3/2
N, = 4.82 x 10'5T3/2 (—h) (20)
my

where N, is the efficient density of states in Si valance
band and given as 1.04 x 10" cm?, m,™= 0.16 m, is the
effective mass of holes and m, is the rest mass of the
electron. A®, is the image force barrier lowering and
is given by

oy = |2 |
b 4dmegey

21

where E is the maximum electric field and calculated
with

1/2

B = [(2] (22)

&s€o

After accounting of worth of V, £, and A®,, the
values of barrier heights @, (C—V) could be obtained
from below relation;

D,(C—V) =V, + Ep — AD, (23)

KT N,
EF =7LH(N—a> (19)
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Figure 9. The capacitance-voltage characterization of Al/Si,N /p type Si and Memory window graph at 500 kHz frequency
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The issue of memristor is new and general because
it has low power and nonvolatile operation, variety
of physical mechanisms and potentially high density,
placing advanced components of future computing
systems (Orak et al., 2015). Si,N, is commonly used
memory contacts for memristive characterizations. As
can be seen in Figure 9, The AI/Si,N,/p type Si has
a memory window owing to Si,N, at 500 kHz at 2 V
to 3 V bias voltages. There is a near parallel shift in
measured C—V characteristics. According to this graph,
the contact can be used and improved some memory
device applications.

CONCLUSION

The Al/Si,N,/p-Si contact (MIS) have been
investigated its importance in electronic applications,
especially capacitance behaviors. For this reason, 5
nm Si,N, layers were doped with PECVD technique on
p-type Si and obtained MIS contact with Al contact. It
was researched the insulator layer effect on the Al/p-
Si contact properties. It was investigated electrical
characterizations using the forward and reverse bias
I-V, C-V and G-V measurements and were seen that
the insulator Si,N, layer influenced characterizations
of the contact. Some diode parameters and effect of
the interface states (N ), the series resistance (R)
were investigated by calculating from /-V and C-V
measurements.
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Capacitance Voltage Characterization of Bifacial Silicon Solar Cell
Under Polychromatic Modulated Illumination

Gokhan SAHIN!

ABSTRACT: The aim of this work is to present a theorical study of a capacitance voltage characterization
of a bifacial silicon solar cell under polychromatic modulated illumination. From the excess minority
carrier’s density in the solar cell, the photocurrent density and the photovoltage are derived. The diffusion
capacitance was measured with both as a function of voltage and the junction surface recombination
velocity. Electric polarization effects are shown through different C-V plots. For all the studied parameters,
we exhibited the effect of electric field parameters on the capacitance voltage characterization and the
operating point of the cell through the junction recombination velocity.

Keywords: Capacitance, electric field, silicon solar cell

Genis Sekturumlu Aydinlatma altinda Iki Yiizeyli Silikon Giines
Pilinin Difiizyon Kapasitansi ve Asir1 Azinlik Tasiyici1 Yogunlugu

OZET: Bu calismanin amaci, genis spektrumlu aydinlatma altinda iki yiizeyli silikon giines pilinin
difiizyon kapasitansi ve asir1 azinlik tasryict yogunlugu teorik ¢alismasinin sunulmasidir. Giines pili asir1
azinlik tasiyicisindan fotoakim ve fotogerilim yogunlugu tiiretilmistir. Difiizyon kapasitansi hem voltajin
fonksiyonu ile hem de baglant1 yiizeyi rekombinasyon hiz1 ile 6l¢lilmiistiir. Elektrik polarizasyon etkileri
farkli C-V (Difiizyon kapasitansi- Gerilim) grafikleri ile goOsterilmistir. Tiim ¢alisilan parametreler
icin, karakterizasyon voltaj kapasitansinin elektrik alan parametreleri iizerindeki etkisi ve kavsak
rekombinasyon hizi boyunca hiicrenin operasyon noktasinin etkisi gosterilmistir.

Anahtar Kelimeler: Elektrik alan, kapasitans, silikon giines hiicresi
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INTRODUCTION

The efficiency of a solar cell depends among others
on its intrinsic parameters. Therefore the knowledge
of these parameters and control of associated
technological processes highlighted below are essential
for any improvement of the conversion efficiency
expected from the solar cell. Various characterization
techniques have been implemented both in static
frequency regime (Grove, 1967; Ghitani et al, 1989;
Alain, 1997) and in dynamic i.e. transient regime (Nam
et al, 1992; Lemrabott et al, 2008). Then solar cell is
either under steady state condition (Dieng et al, 2007;
Sahin et al, 2015) or under dynamic state (Sahin, 2016)
(i.e. transient decay and frequency). That is why many
studies have been made on solar cells to improve the

conversion efficiency.

This work is based on the effects of the electric field
parameters on the capacitance voltage characterization
of a bifacial silicon solar cell; these parameters are
respectively the diffusion capacitance the bifacial solar
cell is front illuminated by a multispectral light.

The bifacial silicon solar cell is represented with
all the related equations, followed by the simulation
materials and method.

MATERIAL AND METHOD

The study is based on a bifacial silicon solar
cell under polychromatic modulation illumination
presented on figure 1. In order to study the influence of
an external electric field on the behavior of the charge
carriers in the base, we polarize by applying a voltage,
and work in theory quasi-neutral base (QNB).

junction  (SCR)
Emitter (") Base(?) Area doped grids(p*)
Grille
" Polychr ;
Polychromatic olychromatic
= — — ..
illumination —_— E illumination
— S B —)
(front side) —p — (back side)
[ |
x=0 x=H
_x—’
Ve
|
I L)

Figure 1. Bifacial solar cell structure to the n™-pp” type under electric polarization and polychromatic illumination

The solar cell is illuminated by its front side of
polychromatic illumination and is under external
polarization by applying electric field. The continuity
equation for the excess minority carrier’s density photo-
genered in the base under influence of the electric field is:

’d(x) mE ad(x) Gk) d)_,
ox’ D ox D o )]

70

E the electric field, p carriers’ mobility. D and L are
respectively the diffusion coefficient and the diffusion

length of minority carriers. 8(x) is the minority charge
carriers density photogenerated in the base G (x) is the
rate of generation given by (Furlan et al, 1985):

Igdir Uni. Fen Bilimleri Enst. Der. / Igdur Univ. J. Inst. Sci. & Tech.



Capacitance Voltage Characterization of Bifacial Silicon Solar Cell Under Polychromatic Modulated [1lumination

3
G(x) =2 a, ¢ @
i=1

d;and bi are coefficients from modeling of the
generation rate overall radiations in the solar spectrum
(Mohammad, 1987).

The expression of the minority carrier’s density is
given by equation (1) resolution:

d(x)=e" .[A.ch(a -X)+ B-sh(a -x)]+ ici o 3
with:

a. 1> 4)

_ mE.L* )

A and B are obtained with the boundary conditions
at the emitter — base junction(x = 0) and at the back
surface(x = H) of the cell (Sane et al, 2013; Ndiaye et
al, 2015) expressed as:

-at the junction (x=0):

_D, ad()
S S dO0)  ox |, ©)

X

at the back surface (x=H) :

D, ad(x)|

n

Cd(H) ox

(7

x=H

Sf and Sb are respectively the junction and back
surface recombination velocity (Sane et al, 2013;
Hamidou et al, 2013; Diao et al, 2014).

To understand the electric field effect on extended
junction space charge region, we illustrate in Figure
2 junction thickness extension under electric field
effect

-+~

[~
n |+++H--

n
Vo ."'D 4 'lr'm
¥

Figure 2. Schematic illustration of the junction thickness extension under electric field effect

Figure 2 shows a reverse polarization of the solar
cell. The resulting electric field after this polarization is
E; = E, + E. E is the electric field in the space charge

Cilt / Volume: 6, Say1/ Issue: 3, 2016

region without polarization and E is the electric field
from the solar cell external polarization. Vext and V|
are respectively voltage from the space charge region in

71



Gokhan SAHIN

the absence of polarization and external circuit voltage.
Thus, the minority charge carriers will be returned to
the junction by the resulting electric field. These carriers
reinforce the diffusion capacitance at the junction and
contribute to junction thickness extension

RESULTS AND DISCUSSIONS

><8d(x:0)

10
oVph (19

If we introduce the excess minority carrier
recombination velocity at the junction in equation (8)
we obtain following expression of the capacitance:

Ldx=0)_ ad(x=0) 1

Capacitance study: Diffusing capacitance of the oVph osf OVph (1)
solar cell is considered as the ability of the resulting osf
charge variation during the process of diffusion within
the solar cell (Sane et al, 2013; Hamidou et al, 2013; Or:
Diao et al, 2014; Barro et al, 2015). It is given by the
following equation: N
Vph =V, xIn| 1+ —2xd(0) (12)
C= 8_Q g n,
oV ®)
With: And:
0 =qd(x =0) ©) i;xﬁd(o)
oVph VoM osf
asf T 13
By injecting (9) in (8), we have 4 (1 + i;’ x d(O)J (1)
ni
Therefore:
2
od(x=0) 1 ad (0) H%Xd(o) N N
X = n.
C=¢gx X =gx X i =gx—Lx|1+—Lxd(0
ey Tawh ey Y, N, ado) T, { el )} (14)
aSf " osf
Thus,
2 2
ni i
N N TN d(0)
X
C=gx—tx|1+=Lxd(0)|= b4 (15)
V. n, v, V.,
Let: Co is the intrinsic capacitance under dark.
i Replacing C by its expression, equation (17) becomes:
q -
Nb 16 -d (0
Co = 16 oo 290 17)
V., f
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Considering the expression of the photovoltage
from equation (10), solar cell capacitance can be
expressed as:

N Vph
C=C,-|1+22.d(0) =C0-exp(VLJ (18)

T

l

With equation (18), we obtain

< exp(@j (19)
C V

0 T

With the logarithmic function, equation (19)
becomes:

In(C) - In(C;) =2

T

(20)

The curve of the logarithm of the capacity versus
the voltage is plotted in figure 3 versus photovoltage for
different values of the bias electric field

~——E=10V/cm
ol Sk E=8V/ecm J
. E=6V/cm /,—/
-0 1 1 1
-0 02 04 06

Photovoltage (V)

(1=10°cm?>V''s"!, L=0.02cm, H=0.03cm, D=26cm>.s™")

Figure 3. Log(C) versus the photovoltage for different values of electric field

This figure shows that the profile of the diffusion
capacitance (logarithm scale) versus photovoltage is a
straight line of slope 1/Vt and the intercept of this line
with the y axis correspond to Log (C)) where C is the
dark capacitance.

We see that the dark capacitance do not depend
on electric field; effectively equation (15) shows
that the dark capacitance depend on semiconductor
material, its doping and the operating temperature. We
see that whatever the capacitance under darkness Co

Cilt / Volume: 6, Say1/ Issue: 3, 2016

is independent of the electric field polarization. The
intercept point obtained with the capacitance axis is the
dark capacitance value (Sane et al, 2013; Sahin et al,
2015; Barro et al, 2015). The obtained value with this
method is:

Co=1.8.10"" (F/cm?)

Equation (18) allows us to observe the capacitance
evolution versus the photovoltage for different values
of electric field. It is represented in Figure 4.
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Figure 4. C-V characteristics for different values of electric field

Figure 4 enables us to observe an increase of the
capacitance when the photovoltage increases. Thus,
for low values of the photovoltage (V< 0.5 volts),
corresponding to operation of the solar cell in short
circuit situation, the capacitance is very low. This
is due to the massive crossing of minority charge
carriers at the junction. Similarly , for large values of
the photovoltage (V > 0.5 volts) , corresponding to
operation of the solar cell in open circuit situation, the
capacitance increases exponentially as a function of the
photovoltage which is explained by a significant carrier
storage at the junction .

Thereafter, the value of the electric field, we get the
same value of the dark capacitance. We also observed
an increase in the characteristic when the electric field
decreases. Indeed, an increase in the electric field leads
a reduction the minority carriers stored in the junction
and therefore a decrease in diffusion capacitance.

We represent in Figure 5 the capacitance versus
junction recombination velocity for different values
electric field:

1.5x10"°

........

1
w

LJ

2
(F/em)
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. err E=V.cit
E=6V.cii
% avarn BV e i
L S— J
4 6

junction recombination velocity (cm/s)
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Figure 5. Capacitance versus junction recombination velocity for different values of electric field
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Figure 5 shows that diffusion capacitance decrease
with junction recombination velocity; near open circuit,
excess minority carriers are stored in the base because
they cannot cross the junction leading to an important
associated capacitance. Near short circuit, stored charge
move to and cross the junction and the associated
capacitance decrease.

When the electric field diffusion
capacitance increase also because that for higher electric

increase,

field, carrier paths are incurvated and could not move
easily to the junction and cross it. The concentration of
carrier in the base in the base is then increased so that the
capacitance also increases. The diffusion capacitance is
maximum at low values of the junction recombination
velocity. Minority charge carriers remain stored at the
junction because they do not have enough energy to
cross the junction. When the junction recombination
velocity increases, the minority charge carriers begin to
cross of the junction and the diffusion capacitance. The
diffusion capacitance is proportional to the width of the
junction by the equation:

e

C e2y)

Where S is the surface area of the junction and e
its thickness. € represent the silicon dielectric constant.

Under these conditions, the junction thickness is
accompanied by a decrease in diffusion capacitance.
The electric field promotes the flow of minority charge
carriers across the junction and decreases the diffusion
capacitance.

CONCLUSION

Inthisarticle, the excess minority carrier’s density in
the base is determinated. The curve of the figures showed
a decrease in the density of minority charge carriers
with the increase in the electric field. The excess of the
phocurrent density and photovoltage deduced from that
of minority carrier’s density and their profile depending
the junction recombination velocity for different values
the electric field. We also showed that the electric field
increases the photocurrent, decreases photovoltage and
diffusion capacitance. This decreased of the solar cell
capacitance is accompanied by the junction thickness.

Cilt / Volume: 6, Say1/ Issue: 3, 2016

Our computed results have shown that the performance
of solar cell is better in the diffusion capacitance range.
The capacitance of a crystalline silicon solar cell
was investigated; from a one-dimensional model, we
pointed out the effects of electric field, illumination
level, and junction recombination velocity (related to
operating point) on the capacitance. Based on the C-V
characteristics, a graphical method has been proposed
for the determination of both dark capacitance C; and
electric field.
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Dort Rotorlu bir IHA’nin Geri Adimlamali Kontrolcii ile Gercek
Zamanh Yoriinge Kontroli

Kaan CAN', Abdullah BASCI!

OZET: Bu ¢alismada, sistemin lineer olmayan yapisina bagli olarak tasarlanan geri adimlamali kontrol
yontemi ile dort rotorlu bir Insansiz Hava Araci (IHA) olan Quadrotor’un gercek zamanl yoriinge takibi
gerceklestirilmistir. Deneysel ¢alismada kullanilan Quadrotor, donanimsal olarak (GPS, sonar, kamera,
atalet sensorleri vb.) oldukca diisiik maliyetlidir. Tasarlanan geri adimlamali kontrolcii, donanimsal
acidan zayif bir sistem {izerinde yiiksek verimle ¢alismis ve gelecekte tasarlanacak donanimsal agidan
yiiksek hassasiyette 6l¢clim yapabilen sistemler i¢in iyi bir kontrolcii referansi olmustur. Quadrotor’un
kapali ortamda egik cember ve zigzag formunda iki ayr1 ydriingeyi takibi ile elde edilen sonuglar
incelendiginde, kontrolciliniin meydana gelen hatalar1 istenilen diizeyde elimine ettigi ve sistemdeki
sapmalari minimumda tuttugu goriilmiistiir.

Anahtar sézciikler: Geri adimlamal1 kontrol, IHA, quadrotor, yoriinge takibi.

Real Time Trajectory Tracking Control of a Four Rotor UAV with
Backstepping Controller

ABSTRACT: In this study, real-time trajectory tracking control of a four rotor UAYV, called Quadrotor,
is realized by using backstepping controller which is designed depending on the nonlinearity of the
system. Quadrotor used in experiment is a low-cost system and is equipped with GPS, sonar, camera and
inertial sensors. Since the designed backstepping controller is worked in a high efficiency on Quadrotor,
the controller will be a good reference for the systems, have highly sensitive sensors to do more accurate
measurements. When analyzing the indoor experiment results of Quadrotor for tracking oblique circle
and zigzag routes, errors are eliminated in desired level and deviations are minimized by backstepping
controller for a stable flight.

Key words: Backstepping control, quadrotor, trajectory tracking, UAV.
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GIRIS

Giiniimiizde IHA olarak adlandirilan sistemlerin
bir¢ok c¢esidi bulunmaktadir. Bunlardan biri de dort
adet rotora sahip olan Quadrotor’lardir. Serbest uzayda
6 serbestlik derecesine sahip bir cismin hareketi
incelenerek tasvir edilen Quadrotor’lar, bulundugu
noktadan dikey inis-kalkis yapabilen, yliksek hareket
ve manevra kabiliyetine sahip olan araglardir. Dar
alanda hassas hareketler yapabilme, insanli sistemler
icin tehlike arz eden durumlarda kullanilabilmesi ve
insan gliciine olan bagimlilig1 azaltmasi bu sistemlerin
sagladigi avantajlardan birkagidir. Bunun yaninda
Quadrotor’larin 6 serbestlik derecesine sahip olmasina
ragmen 4 kontrolcii girdisi ile kontrol edilmeleri, eksik
girdili sistem olarak tanimlanmalarina neden olmustur.
Bu tip sistemler yapisal olarak lineer olmadiklart i¢in
kontrolleri de olduk¢a zordur. Ayrica Quadrotor’larin
ugus stabilizasyonlar1 ve havada dengede durabilmeleri
govde agirlhig (batarya, harici koruma gdvdesi vb.),
zemin, sensOr hassasiyeti ve diger etkilere bagh
olarak degistiginden gercek zamanli uygulamalarda
kullanimlart oldukca giigtiir. Belirtilen bu zorluklari
asabilmek adina Quadrotor’lar sistematik bir sekilde
incelenmekte ve model yapisina uygun olarak tasarlanan
kontrolciilerle yoriinge takibi gergeklestirilmektedir.

Son yillarda Quadrotor’larin yoriinge kontrolii
iizerine farkli calismalar yapilmis ve ¢esitli yaklagimlar
onerilmistir. H. Ergezer ve arkadaglari, birden fazla
Quadrotor kullanimi1  durumunda
planlamasinda meydana gelen problemlerin ¢oziimii
icin karigik tam sayili dogrusal programlama (mixed
integer linear programming-MILP) ve azalan ufuk
kontrolii (receding horizon control) metotlarini
incelemistir (Ergezer ve ark., 2014). Gergeklestirilen
simiilasyon ¢alismalarinda c¢evrim-i¢i olarak anlik
alman veriler sayesinde Quadrotor’larin belirtilen
yoriinge boyunca gosterdikleri performanslar analiz
edilmisti. N. S. Ozbek ve arkadaslari, Quadrotor
sistemi i¢in PID, kayan kipli kontrol, geri adimlamali,
geri beslemeli dogrusallastirma ve bulanik mantik
kontrol tekniklerini ele almistir (Ozbek ve ark., 2014).
Yapilan calismada belirtilen kontrol yontemleriyle
Quadrotor’un yoriinge takip performansi, kararlilik
analizi, kontrol algoritmalarinin ve kontrolciilerin
performans1 analiz edilmis ve giiriltillere karsi
dayanikliklart  incelenmistir. ~ Bouabdallah  ve
arkadaglari, Quadrotor’u kapali bir ortamda havada
stabil tutmak i¢in PD, PID ve lineer kuadratik kontrol

¢evrimi¢i  rota
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yontemlerini uygulamisladir (Bouabdallah et al., 2004).
Yapilan ¢aligma incelendiginde Quadrotor’un sapma,
yunuslama ve yalpalama agilarinin istenilen denge
noktasinda kararli bir sekilde tutulmasi amaglandigi
gOriilmugtiir. Bouadi ve arkadaslari, Quadrotor igin
adaptif kayan kipli kontrolciiyle durus stabilizasyonu
ve rota takibi yapmayi amaglamistir (Bouadi et al.,
2011). Sistemde meydana gelen anlik hatalar1 ¢gevrimigi
olarak aldiklar sinyaller yardimiyla parametre tahmini
yaparak hatalar1 elimine etmislerdir.

Mohammadi ve  arkadaslari,  Quadrotor’u
modelleyerek ve merkezi olmayan yontemle adaptif
kontrol uygulayarak rota takibinin gergeklestirilmesini
saglamistir (Mohammadi et al., 2013). Tomas Krajnik
ve arkadaglari, Quadrotor’un dinamik modelini
ayristirtlmig model olarak ele almis ve sistemin dinamik
modeli icin i¢-dis kontrolcii tasarimini deneysel olarak
gergeklestirmistir (Krajnik et al., 2011). Bo Zhao ve
arkadaglari, Quadrotor’un yoriinge kontroliinii lineer
olmayan giirbliz adaptif kontrolcli ile simiilasyon
ortaminda gergeklestirmis ve basarilt sonuglar elde
etmiglerdir (Zhao et al., 2015). Emre Can Sui¢cmez,
simillasyon ortaminda Quadrotor’u detayli olarak
analiz etmis ve geri adimlamali kontrol, dogrusal
kuadratik regiilator (linear quadratic regulator-LQR)
ve dogrusal kuadratik takip (linear quadratic tracking-
LQT) gibi kontrol yontemlerini incelemistir (Suigmez,
2014). Calismada ayrica geri adimlamali kontrol
metodu incelenmis ve kontrolciiniin sistemde meydana
gelen hatalari elimine ettigi goriilmiistiir.

Bara J. Emran ve arkadaslari, Quadrotor’un
kompozit giirbiiz adaptif kontroliinii incelemis ve
simiilasyon ortaminda test etmislerdir. Tasarlanan
giirbliz adaptif kontrolciiniin gilirbiiz olmayan adaptif
kontrolciiye oranla verilen referans isaretini daha
iyi takip ettigi belirtmistir (Emran et al., 2014).
Matthias Schreier, Quadrotor’un dinamik yapisimi
modelleyerek siirekli ve ayrik adaptif kontrolciilerin
simiilasyon ortaminda performansini incelemis ve
adaptif ve lineer olmayan kontrolciiler ile kiyaslamistir.
Elde edilen sonuclar adaptif kontrolciilerin, adaptif
olmayan kontrolcliye gore daha iyi sonug verdigi ve
sisteme verilen referans isaretlerini daha iyi takip
ettigini gostermistir (Schreier, 2012). Abdul-Wahid A.
Saif ve arkadaslari, Quadrotor i¢in modifiye edilmis
geri adimlamali kontrolcii ile klasik geri adimlamali
kontrolcii arasindaki farki incelemis ve tasarlanan
kontrolciileri simiilasyon ortaminda test etmislerdir.
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Yapilan  simiilasyon ¢aligmalar1  incelendiginde
modifiye edilmis geri adimlamali kontrolciiniin sistemin
kontrolcili parametrelerini azaltarak karmagik denklem
takimlarimi klasik geri adimlamali kontrolciiye gore
basitlestirdigi ve sistem cevabini hizlandirarak daha iyi
performans gosterdigi goriilmiistiir (Saif et al., 2012).

Castillo ve arkadaslari, dort Quadrotor’u
matematiksel olarak modellemis daha sonra basit
uygulamalar i¢in (dikey inis-kalkis vb.) test etmislerdir
(Castilloetal,.2004). Madani ve arkadaslari, Quadrotor un
lineer olmayan yapisina uygun olarak tasarladiklar geri
adimlamali kontrolcii ile simiilasyon ortamimda konum
kontrolii yapmis referans rota takibinde meydana gelen
hatalarin tasarlanan kontrolcii tarafindan elimine edildigi

goriilmiistiir (Madani et al., 2008).

Bu calismada, geri adimlamali kontrol yontemi
incelenmis ve Quadrotor iizerinde gercek zamanh
yoriinge takibi ve konum kontrolii i¢in test edilmistir.

istenilen konuma az bir hata ile ulastirdig1 ve kiiciik
salinimlar ile araci stabil tuttugunu ve farkli referanslar
altinda yoriinge takibi ic¢in 1iyi sonuglar verdigini
gostermistir.

MATERYAL VE METOD
Quadrotor’un Dinamik Modeli

Quadrotor’un sistem dinamikleri, katt bir
cismin uzaydaki alti serbestlik dereceli hareketine
benzetilerek tasvir edilmektedir. Bu alt1 serbestlik
derecesi; acisal hizlarmm olugsmasini saglayan Euler
acilar1 olarak tamimlanan yalpa (@), yunuslama (0)
ve sapma (y) eksenleri ile 3 boyutlu uzayda dogrusal
hareketi tanimlayan x, y ve z eksenleri tarafindan temsil
edilmektedir. Sekil 1°’de Quadrotor’un govde ve atalet
eksenleri ile birlikte Quadrotor’a etkiyen ana kuvvetler
F,F,F,,F,, mgve dort adet pervanenin donme yonleri

goziikkmektedir.

Atalet eksenleri

Sekil 1. Quadrotor eksenleri

Uygulama sonuglari, kontrolciinin  Quadrotor’u
F,
mg
Govde
Quadrotor’un  hareketini  gergeklestirebilmesi

icin pervanelerin doniis hiz ve yonleri degistirilerek

sistemde torklar ve momentler olugturulur. Q,
pervanelerin agisal hizlarn (i: 1, 2, 3, 4) olmak iizere,
pervanelerin doniislerinden dolayr meydana gelen

kaldirma kuvvetleri F,
Fi = k,Qf 1)

ifadesiyle tanimlanmakta ve denklemde k itme
faktorii sabit bir degerdir. Quadrotor’a pervanelerden
uygulanan toplam kaldirma kuvveti ise,

Fr = kn 2i, OF 2)
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denklemi ile belirtilir. Her bir pervane tarafindan
iiretilen tork ifadesi,

T; = k,,F; [N.m] (3)

denklemi ile tanimlanir. Denklemde k birimi metre
olan sabit bir sayidir ve kuvvet ile tork arasindaki
iligkiyi gostermektedir. Sistemin dort adet kontrol
girisi bulunmakta ve bu girisler U, U, U,, U, ile
gosterilmektedir.

U =F +F +F +F, 4)

olmak iizere kuvvetlerin toplamidir. Esitlik 4’de
belirtildigi tizere U, z eksenindeki hareket ile dogrudan
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iliskilidir.
U,=F,-F, (5)

denklemi ile ifade edilir. U, sag ve sol pervaneler
arasindaki diferansiyel farktan meydana gelen kuvvettir.
Bu yilizden 2 ve 4 numarali pervaneler kullanilarak

sistemde yalpa (@) momenti olusturulmaktadir. Ayni
sekilde U , 6n ve arka pervaneler arasindaki diferansiyel
farktan meydana gelen kuvvettir. Bu sayede 1 ve 3
numarali pervaneler kullanilarak sistemde yunuslama
(6) momenti olusturulmaktadir.

U3 = F3 - F1 (6)

Tek numarali (1,3) ya da ¢ift numarali (2,4) pervaneler
kullanilarak sapma (y) momenti olusturulmaktadir.

U4:T2+T4'T1'T3 (7)

Denklemi ile belirlenir. U, dort pervanenin iirettigi
net tork ifadesidir. Bu nedenle U, sapma agisinin
olusmasinda dogrudan etkilidir. U, ,,, aym zamanda
kontrol isaretleridir. Sonug olarak yapinin tamamen
kat1 (rigid) ve simetrik oldugu, kiitle merkezi ile cismin
govde merkezinin ayn1 eksende oldugu varsayimi ve
Newton-Euler yaklagimi ile sistemin tam matematiksel
model denklemleri su sekilde elde edilmektedir
(Suicmez, 2014);

§ = (SinpSindCosd — CosSing) = Uy — 2= (12)

i=—-g+ (CosGCosq))iU1 _ k2 (13)

m

Burada, Ix,y,z Quadrotor govdesinin x,y,z eksen-
lerindeki ataletini, g yergekimi ivmesini, d rotorun
kiitle merkezine olan uzakligimi ve m ise Quadrotor’un
toplam kiitlesini ifade etmektedir.

Quadrotor’un Kontrolii

Quadrotor lineer olmayan yapisi, karmasik dinamik
denklemleri ve giiriiltilerden kolay etkilenmesi
nedeniyle kontrolii olduk¢a zordur. Sistemin kontroliinii
kolaylastirmak ve stabil bir ugus gerceklestirmesini
saglamak i¢in kontrol yapisi i¢ ve dig kontrol birimleri
olmak iizere ikiye ayrilmistir. Sekil 2’ de belirtilen
kontrol blogu incelendiginde o6telemeli hareketin
kontrolii dis kontrolcii tarafindan gergeklestirilmektedir.
Dis kontrolcii, referans olarak gonderilen konum
bilgilerini kullanarak ileri ve yan a¢1 referanslarini
(¢r,0,) ve dikey yondeki gerekli olan hiz referansim
(Uyy) iiretmektedir. I¢ kontrolcii ise referans olarak

. RS . d v - :
b= o (yl—) + 1_U2 ®) iretilen agilart  ((¢,, 6,,¢,)) kullanarak, sistem
¢ikisindan elde edilen ag1 bilgilerini kapali g¢evirim
. o 4 ) olarak alarak meydana gelen hatalar1 PID kontrolciide
0=y (—le Z) +§U3 islemektedir. Bu sayede i¢ kontrolcii Quadrotor’un
stabil ucusu i¢in gerekli torklar iiretmektedir
_ (T¢,To, Ty). Sistem ¢ikigindan elde edilen konum ve ag1
. S . | ¢ Loty CIK1§ ¢
=09 (*2) +2u, 10y oo . .
I Iy bilgileri sirasiyla tekrar kapali ¢evrim olarak dis ve i¢
kontrolciilere iletilerek sistemde meydana gelen hatalar
% = (CosySindSind + Siml;Cosd))iUl—%x (11) elimine edilfnelfte ve Q'uadrotor’un ihtiyaci olan ag1
referanslar tiretilmektedir.
Urr d Ur | Otelemeli ¥z
S~y >| Hareket >
. o -
1, . KinT;saﬁk LN [ U | 7% To
Referans | ¥r Otelemeli fi 9r; Dénel Uy | “r —>T, To : —_ 0.0
Yériinge | z, g::;ﬁ; b | e [ ar 7, | Hareket g
F S ~— —
L 1C DONGU
L DI§ DONGU |

Sekil 2. Quadrotor kontrol blogu
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Geri Adimlamalh Kontrol Tasarimi

Quadrotor’a ileri yondeki hizini saglayan etkinin
(diger etkileri ihmal ederek) yunuslama hareketi
oldugunudiisiinebiliriz. Yinebenzer sekilde sadelestirme
yapilarak, diger yoriingelerde meydana gelen hizlar
da benzer sekilde belirlenebilir. Quadrotor iizerinde
gergeklestirilen bu ayrigtirilmis dinamik sistem modeli
ile durum denklemleri ayr1 ayr kontrol edebilir ve her
bir durum degiskeninde meydana gelen hatalari elimine
etmek i¢in, ayr1 kontrolciiler tasarlayabiliriz (Krajnic et
al., 2011). Sistemimiz yapisal olarak lineer olmadig
i¢in daha dogru bir sonug elde etmek amaciyla sistemin
stirtiinme etkisi ve rotorun denklemlerinden gelen ikinci
dereceden tiirevler ihmal edilmeyip kontrol kuralina
eklenmistir (Suigmez, 2011). Sistem dinamiklerini
durum degiskenleri cinsinden ifade edersek;

X1 =¢ =x,

(14)
%y = ¢ = x4x6a1 + by U, (15)
X3=0=x, (16)
Xy =0 = X2Xea3 + by Uz (17)
X5 = = X (18)
X6 =1 = X4X,05 + b3U, (19)
X7 =X = Xg (20)
f= =t T @
Xg =Y = X1o (22)
X10 =Y = ul;ijl - K;;zw (23)
X11 = Z = X1 (24)

N cos(x;) cos(x3) Uy _ Kexip (29)
m m

X12 =2=—40
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Denklemlerde;
I, —1
a; == - 4 (26)
X
_ Iy =1,
a3 =7 (27)
y
L—1 (28)
Qg = x[ Y
zZ
b = d
=T (29)
d
b, = —
2 =1 (30)
1
bs = T (31

u, = cos(x,) sin(x3) cos(xs) + sin(x;) sin(xs) (32)

uy, = cos(x) sin(xs) sin(xs) — sin(x;) cos(xs) (33)

ile ifade edilmektedir. Durum degiskenleri geri
adimlamali kontrolcii tasariminda uygun ydntem
olan alt licggen formunda yazilmalidir. Bu sayede
her bir durum degiskeni kendinden sonraki (zamana
gore degisim) degisime etki ederek kararli bir yapiya
ulagmasini saglamaktadir.

Pozisyon Kontrolii

Bu boliimde, ilk olarak dort pervane tarafindan
tiretilen U, kontrol isareti elde edilecektir. Quadrotor’un
dinamik modeli incelendiginde, U, X.y,2 ‘de meydana
gelen hareketle dogrudan iliskilidir. Ayrica x ve y
yoniindeki hareketler, yunuslama ve yalpalama agisina
bagli oldugu igin u_ ve u, ‘den etkilenmektedir. Bu
nedenle z ekseninde meydana gelen 6telemeli hareket
Ul’e ve x ve y’de meydana gelen hareketleri de u ve u,
‘ye bagl olarak elde edecegiz. Sistemde z ekseninde
meydana gelen hatadan baslayarak kontrolcii tasarimina
gecilmistir. z ekseninde meydana gelen hata (Suigmez,
2011);
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Z11 = X11r — X11 (34)
olur. Uygun Lyapunov fonksiyonu segilirse,
1
V(z1) = 2 (21)? (35)
elde edilir.
Esitlik 36°nin zamana gore tiirevi alinirsa,
V(z11) = z11211 (36)

denklemi elde edilir. Esitlik 37°de Esitlik 34’iin zamana
gore tiirevi alinmis ifadesi konulursa,

V(Z11) = 211 (K1 — X11) = 211 (K117 — X12) (37

ifadesi elde edilir. Eger Esitlik 38’de elde edilen
ifade zamanla azaliyorsa hata da zamanla sifira
yakinsayacaktir. Eger

X12 = X11r + Q1211 ;a4 > 0 igin (38)
secilirse z,, sifira yakinsayacaktir. Diger durum
denklemlerinden gelen hata olarak,

V(211,212) = 211(Z12 — 01211) + 21, (X114, + @121 — X13)

Zyp = X12r — X12 = X11r T Q1211 — X12

(39)
elde edilir. Uygun bir Lyapunov fonksiyonu se¢ilmesi
durumunda,

V(z11,212) = %(211)2 +%(Z12)2 (40)

yazilabilir. Eger secilen Lyapunov fonksiyonunun
zamana gore tlirevi alindiginda negatife gittigi ve
azaldigi goriilliyorsa, z;, ve z;, de zamanla azalacaktir.

V(211,212 ) = 211211 + Z12212

(41

Tiirev ifadesi elde edilir. Denklemde bulunan
hatalarin tiirevlerini yerine yazip denklemleri tekrar
diizenlersek,

Z11 = Z12 — Q1711 (42)

Z1p = Xq11r T Q1211 — X12

(43)

Esitlik 42 ve esitlik 43’1 Esitlik 41°de yerine
yazarsak,

(44)

denklemi elde edilir. x , ifadesi durum denklemlerinden geldigi i¢in Esitlik 44°de yerine yazilirsa,

; _ 2 - 2 2
V(211,212) = 211212 — Q1211 + Z1pX11, + Q121 — 1211215 + G271

1
— 21, (cos(x4) cos(x3)) py + 255

K;x1
(45)

Tiirev ifadesi bu sekilde elde edilir. Buradan y(z,, z,,) negatife gdtiirecek uygun bir U, kurali segilirse,

U; = (m/(cos(xy) cos(x3))) (211 + %11r + 121, — @iz + g +

sz12

+ ayz;,)
(46)

denklemde a,, a,>0’dir. U,’i Esitlik 46. daki gibi segersek,

; _ 2 2
V(z11,212) = —aiz;; — a3z

(47)

denklemi elde edilir. Esitlikte 211,212 # 0°dir.
Lyapunov teorisine gore hatalar (z11 ve z;3) sifira

yakinsamakta ve sistem kararli hale gelmektedir.

Ayni yontem kullanilarak x ve y yoniinde meydana
gelen hareketlerin kontrolcil isaretleri olan u_ ve u
Esitlik 48 ve Esitlik 49°daki gibi elde edilebilir,
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Esitlik 48 ve Esitlik 49°da bulunan a, a, a, a,, > 0°di.
Ayrica,

Kzxg

m .
ux = (_) (Z7 + x77« + a728 - a$Z7 + m

Uy

+ asza) (48)

m . Kyx
uy = (—) (Zg + Xor + A9Z1g — aang + Y710 + alozlo) (49)

U, m

Z7 = Xqr — Xy

(50)
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Zg = Xgr — Xg (51)
Zg = Xor — X9 (52)
Z10 = X10r — X10 (53)

olarak ifade edilmektedir.
referans olarak gonderilen X11r> Xor,X7r sirasiyla z, y

Pozisyon kontroliinde

BULGULAR VE TARTISMA

Quadrotor’un yoriinge kontrolii gercek zamanli
olarak geri adimlamali kontrolciiniin performansim
gostermek i¢in egik ¢cember ve zigzag formunda iki
ayr1yoriinge icin gerceklestirilmistir. ilk uygulamada
egik ¢ember rota referansi kullanilmistir. Rota
yerden 1 metre ylikseklikten baslamakta, x ekseni
boyunca 0 metre ile 2 metre araliginda, y ekseni
boyunca -1 metre ile 1 metre araliginda ve z ekseni
boyunca 1 metre ile 3 metre arasinda degismektedir.
Bu rota Quadrotor’un x, y ve z eksenlerinde ayni
anda kontroliinii saglamak i¢in olusturulmustur.

~Referans
—/_\i&i

. . . . . . . . . .
0 5 10 15 20 25 30 35 40 45 50
Zaman (sn)

X (m)
L o 4N oW

2 T T T
Referans
1 Gergek 7
Eo
e -
-1 = 1
2 . . . . . . . . . .
0 5 10 15 20 25 30 35 40 45 50
Zaman (sn)
4 T T T T T T
~Referans
. 3 Gergek
£ 2
T

o

0 5 10 15 20 25 30 35 40 45 50
Zaman (sn)

ve X i¢in verilen referans isaretlerini temsil etmektedir.
Esitlik 51 ve Esitlik 53°teki bulunan referans degerleri
ise,

Xgr = X7y + a727 54)
X10r = Xor + A9Zg (55)

Egik c¢ember rotanin deneysel sonuglari
Sekil 3’de verilmistir. Sekil 3 incelendiginde

Quadrotor’un x, y, z yoniinde siirekli degisim i¢eren
referansi iyi takip ettigi ve rotadan ¢ok az bir sapma
gerceklestirdigi goriilmektedir.

Y oriinge takibinde meydana gelen titresimler ve
hafif sapmalar Quadrotor’da kullanilan sensoérlerin
hassasiyetine, deneysel sonuglarin  alindigi
ortama da bagli olmasina ragmen geri adimlamali
kontrolciiniin sistemdeki hatalar1 azalttig1 ve
Quadrotor’un stabil bir ucus ger¢eklestirmesini

sagladig1 goriillmektedir.

~Referans
cek

X (m)

0

o

o

o

i

]

€

©

© ~ Referans

o

Sl . Genek
0 5 10 15 20 25 30 35 40 45 50
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o
T
[
go P
8 v \
E ~Referans
5, ‘ L. T Gergek ,
>-0 5 10 15 20 25 30 35 40 45 50
Zaman (sn)
S o
LN
~ 0 A
©
g‘ U
10 ~ Referans|
T Cegek
-20
0 5 10 15 20 25 30 35 40 45 50
Zaman (sn)

Sekil 3. Quadrotor’un egik ¢ember yoriinge referansi i¢in deney sonucu.
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Y (m)

X (m)
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Sekil 4. Quadrotor’un Zigzag yoriinge referansi igin deney sonucu.

Zigzag rota referansi ise; yerden 1 metre
yiikseklikten baslayip x ekseninde 2 metre, y ekseninde
ise 1 metre uzunluga sahiptir. Referans rotanin dar
agili igermesi gercek
zamanli zorlastirmaktadir. Zigzag
rotanin deneysel sonucu Sekil 4’de verilmistir. Sekil 4

keskin donlis manevralari
olarak takibini

incelendiginde, Quadrotor’un keskin doniis noktalarini
az sapma ile takip ettigi goriilmektedir. Degisimin x-y
ekseninde dogrusal oldugu degerlerde hata oraninin
azaldig1 ve kontrolciiniin sensor hassasiyeti ve deneysel
sonuclarin alindig1 ortama bagl olarak olusan titresim
ve salimimlar1 6nleme adina hizli degisen referans aci
isaretleri iirettigi goriilmektedir.

SONUC

Bu c¢alismada Quadrotor’un ger¢ek zamanl
yorlinge takibi kontrolii geri adimlamali kontrolcii
ile gergeklestirilmistir.

Kontrolciiniin, meydana

gelen hatalar1 istenilen diizeyde elimine ettigi ve
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sistemdeki sapmalar1 minimumda tutmay1 bagararak
lineer olmayan bir sistem iizerinde yiiksek performans
gosterdigi  goriilmiistiir. Ayrica kontrolcii tarafindan
iiretilen kontrol isaretlerinin, sensér hassasiyeti ve
deneysel sonuglarin alindig1 ortama bagli olarak olusan
titresim ve salimimlart azalttig1 goriilmiistir.
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Evolution of a Junction Traffic Management Measures Using
Microsimulation Model
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ABSTRACT: Travel efficiency and traffic safety of unsignalized intersections are two main objectives
considered in traffic management. Microscopic simulations are widely used in transportation operations
and management analysis because “simulation is safer, less expensive and faster than field implementation
and testing”. VISSIM is a microscopic traffic simulation program. The heaviest traffic volume and
annually average 15 accidents occurred in Atatiirk University campus that connect Cat Road to Hospital
named as Teknokent Junction was studied. Field observations were simulated in VISSIM. Signalization
program and geometric changes were proposed and applied in the field. After the application, no traffic
accident was observed in the junction for 1,5 years. Applied right turn island minimized the delay time
for the arms.

Keywords: Junction, microsimulation, traffic accident, traffic management, VISSIM

Mikrosimiilasyon Kullanilarak Bir Kavsagin Trafik Yonetim
Ol¢iimlerinin Degerlendirilmesi

OZET: Trafik yonetiminde ele alman iki ana amag sinyalize olmayan kavsaklardaki trafik giivenligi
ve yolculuk verimliligidir. Mikroskopik simiilasyonlar ulasim projelerinde ve ydnetiminde yaygin
bir sekilde kullanilmaktadirlar ¢ilinkii simiilasyon giivenlidir daha ekonomiktir ve arazi uygulama ve
denemelerinden daha hizlidir. Bu galismada Atatiirk Universitesi Kampiisiindeki en yogun trafik hacmine
sahip ve yillik ortalama 15 kazanin oldugu Teknokent Kavsagi incelenmistir. Araziden elde edilen
Olciimler VISSIM programu ile simiile edilmistir. Farkli sinyal programlar1 ve geometrik diizenlemeler
onerilmis ve uygulanmistir. Uygulamalardan sonra ilgili kavsakta 1,5 yildir herhangi bir kaza olmamistr.
Onerilen ve uygulanan saga doniis adalar1 kollardaki gecikmeleri minimize etmistir.
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INTRODUCTION

Comfort and safety are two primary goals of
transportation engineering. Traffic accidents are one
of the leading causes of injuries in Turkey. The public
agencies are working intensively to reduce the accidents
and traffic accidents placing a huge financial burden
on society (Abdel-Aty and Radwan, 2000). There are
two major factors usually playing an important role in
traffic accident occurrence. The first is related to the
driver and the second is related to the roadway design
(Peden, 2004). The junction geometry and signalization
should be investigated for the roadway design to traffic
accident (Golias, 1997).

Data traffic collection and analysis are extensively
required by traffic engineers for traffic control and
management (Fathy and Siyal, 1997). Modern urban
areas are witnessing increasing traffic congestion due
to high car ownership rates and a strong dependency on
private cars. Junctions often pose the main bottleneck
in urban traffic networks resulting in capacity flow on
the network links and excessive delays. A continuous
expansion of the infrastructure cannot remain as the
go-to solution to these problems due to land-use,
environmental and financial limitations. An alternative
is the use of traffic control strategies that are adaptable
to prevailing traffic conditions. Such methods can
provide a safe and feasible solution to traffic congestion
problems through the efficient and intelligent use of the
network (Aw and Rascle, 2000).

Traffic management is the term used to describe a
wide range of technical practices undertaken to manage
the traffic across networks, which include prioritization,
slowing down (Shankar et al., 2013). As the number of
vehicles and pedestrians grow, the roads which were
designed long time ago remain the same. Area traffic
management contains a process and a set of measures
used to ensure that the streets within neighborhoods are
used appropriately.

There are different active traffic management
techniques such as Speed Harmonization, Queue
Warning, Junction Control, Hard Shoulder Running,
Dynamic Rerouting and Travel Time Signs (Abdel-Aty
et al., 2010). Each of them has several benefits such
as maintaining flow and reducing risk of collisions,
effective utilization of available roadway capacity and
reduction of the likelihood of the speed differentials
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and collisions related to queuing, effective utilization
of available roadway capacity and management of
traffic flows to reduce the congestion, minimization of
recurrent congestion and managing the traffic during
incidents, effective utilization of available roadway
capacity by redirecting traffic to less congested facilities,
allowing better en-route decisions by travelers. Gladys
(2009) observed that traffic management measures are
usually evaluated by using Moving Car Surveys to
get data on journey time, journey speeds, time spent
when stopped, time spent when delayed, and as a
proxy for fuel consumption, the number of stops for
vehicles (Shankar et al., 2013). Flaherty has observed
that regulatory traffic management has its basis in law,
and uses mandatory and prohibitory traffic signs and
markings to inform drivers regarding what they must
and must not do in relation to speed, movement and
waiting (Flaherty, 2000).

Microscopic simulations are widely used in
transportation operations and management analysis
because “simulation is safer, less expensive and faster
than field implementation and testing” (Park and
Schneeberger, 2003; Burghout and Wahstedt, 2007;
Truong et al., 2015). It is a useful tool to effectively
analyses and evaluate the proposed improvements
and alternatives. For instance, an intersection can be
simulated for different signal timing plans, changing
geometries of the junction, different peak hour volumes
and its effects found before implementing it.

Simulation models are widely used to analyze the
traffic networks in different modes of transportation
and various general or specialized simulation packages
havebeenemployed. Inthe past years, microsimulation
techniques have been used widely by transportation
researchers to evaluate and compare the operational
performance of design alternatives. (Gomes et al.,
2004; Laufer, 2007; Hollander and Liu, 2008; El
Esawey and Sayed, 2011). Microsimulation models
include variable behavior of drivers at a level of
each particular entity, and the reality of modelling
results depends on the initial choice of the model and
success of the calibration process (IStoka Otkovi¢ et
al., 2013). Recently, some studies have confirmed
that the reproduction by simulation of user behaviour
under different flow and geometric conditions can
identify a potential incident hazard and allow to
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take appropriate counter measures at specific points
of the road network (Cunto and Saccomanno, 2007,
Cunto and Saccomanno, 2008; Saccomanno et al.,
2008). Microscopic traffic simulators are probably
the most powerful and versatile traffic analysis tools
for individual vehicle movements along roads and
through junctions in a network (Bell et al., 2012).
Several traffic microsimulation models such as
VISSIM, PARAMICS and AIMSUN provide an
opportunity to assess the impact of transit signal
priority (Stevanovic et al., 2008).

VISSIM is a microscopic multimodal traffic
simulation model. It can assign behaviour to
individual vehicles as they circulate from their origin
to their destination (Martinez et al., 2011; Sun et al.,
2013). Furthermore, most of the macroscopic features
can also be analysed because of the microscopic rules
calibration. Besides, different transportation modes
and their interactions can be modelled (Garcia et al.,
2011). VISSIM can be applied to multiple scenarios
such as mobility studies, intelligent traffic systems,
traffic management and control systems (Fellendorf
and Vortisch, 2001). Brain et al. (2007) compared
VISSIM and other simulation models.
observed that VISSIM is more efficient in modelling
the interaction of various modes of transit with
automobile traffic (Shankar et al., 2013).

It was

The objective of the study is to manage the
Teknokent junction with measures to be implemented
in the study area. Unsignalized Teknokent junction
was modelled by microsimulation program, VISSIM.
In the present model, signalization program and right
turn island is proposed for the junction.

MATERIAL AND METHOD
Study Area

Ataturk University located in Erzurum in the
east of Turkey is a campus with about 2 million m?
campus area. The study area which has the heaviest
traffic volume in campus that connects Cat Road
to Hospital named as Teknokent Junction was
selected as shown in Figure 1. The traffic volume is
established from the vehicles both coming to campus
faculties and hospital. This junction was a typical
four arm intersection with two lanes per direction on
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the main and two lanes each way on the secondary
road. Teknokent junction, which has 4 unsignalized
arms, serves heavy volume during the peak hours.
The Cat Road to Hospital connection is very intensive
in morning peak hours and the Dorm to Pharmacy
Faculty connection is very intensive in evening
peak hours. Generally the traffic congestion occurs
during working hours, working out hours and hospital
opening and closing hours. Although there is no park
restriction on the Teknokent Junction, there is no
parking around the junction. The traffic composition
is composed highly of public transportation and cars.
Because of this, junction was not signalized, there
were annually 15 traffic accidents occurred. Although
the traffic volume of the junction during morning peak
hour and evening peak hour are different, the most
intensive route has averagely 1000 - 1500 vehicles
per hour. High congestion, lack of safety and traffic
accidents were observed at Teknokent junction.

Figure 1. Study Area

Data Collection and Analysis

Traffic data collection and analysis is widely
required by traffic engineers for traffic control and
management. Various preliminary investigations, road
and public transport inventories, traffic volume counts,
intersection traffic volume counts, speed and delay
studies were conducted in the network area during
morning and evening peak hours. Once data collection
was done, data were analyzed and modal split graphs,
frequency of vehicles have been found. These outputs
were used as input data in the micro simulation software
VISSIM.
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The analysis of traffic flow at the signalized
intersection was recognized as one of the most
important concerns faced by the traffic engineering
profession, since the amount of delay that occur at such
intersections can render an otherwise excellent highway
design inadequate. Estimating and developing means
of avoiding vehicular delay at signalized intersection

is a problem that is particularly well suited to queuing
analysis techniques. Hence, traffic engineers have
valuable analytic methods available to arrive at efficient
signal designs at intersections.

Data was gathered, during 2014, at Teknokent
junction by means of one-hour video camera recordings
(Figure 2 and 3).
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100

g 60
2 50 mLCV
3 40 m BUS
© 30

- m MINIBUS

LAY

n CAR

0 m- | - L h

CAT ROAD DORM ROAD PHARMACY WEST ROAD
ROAD
Routes

Figure 2. Vehicle Composition of the Junction for All Arms
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Figure 3. Peak Hour Volumes for Morning and Evening

High volumes are found between Cat Road and
Pharmacy Road route for morning peak and also
Pharmacy Road and Cat Road for evening peak. Cars,
lightweight commercial vehicles (LCV), contribute to
higher percentage of the modal share with an average of
80% cars and 11% LCV. After the physical inventory,
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few measures like junction control, signalization of
intersection, routing, roundabout, right turn islands and
U-turn were found to be adaptable for the study area.

Transportation area was modelled in VISSIM.
This data along with the traffic data helps to understand
the deficiencies in the existing capacity with an effort
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to address the need and requirements of the existing
demand. These details were prepared using the image
from Google maps as background.

Travel time and queue length characteristics along
the critical road sections of the area were collected
by the experts. This data provides the basis for better
understanding and identifying the traffic bottlenecks in
the routes.

Model Development and Calibration

After the data collection and analysis, a model is
developed according to the field conditions. Volume at
peak hour, modal split, road inventory of the study area
are the inputs required. Once the model is developed,
it is very important to calibrate the model for reliable
results. In this model Geoffrey E. Havers (GEH)
formula was used for volume calibration (Shankar et
al., 2013). The volumes from model can be obtained
using data collection point parameter in VISSIM.

Havers developed a continuous volume tolerance
formula. Although its mathematical form is similar to a
chi-squared test, it is not a true statistical test. Rather, it
is an empirical formula that has been proven useful for a
variety of traffic analysis purposes (de Dios Ortuzar and
Willumsen, 1994). The network is said to be calibrated
if the GEH value obtained from the formula is less than
5 for 85% of the links and GEH<4 for sum of all link
counts. After the model is calibrated, simulation is run
to find the deficiencies in the model in terms of high
queue lengths, higher travel times, more number of
stops, higher delays and stopped delays.

—Si 2
GEH = \]Z(ObsVaI SimVal)

ObsVal+SimVal (1)
Here:
ObsVal : Observed value obtained from field
SimVal : Simulation value
The study junction was unsignalized and

unorganized (Figure 4), hence there were so many
conflicts between the arms. There was annually an
average of 15 accidents per year. Vehicle composition
of the junction for all arms and peak hour volumes for
morning and evening in the Teknokent Junction was
shown in Figure 2 and 3. In the study area, Cat Road is
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the most intensive arm of the junction and an average of
1064 vehicles pass through this arm during the morning
peak hour (07:30 - 08:30). Further, approximately
450- 550 vehicles pass through Cat Road, Dorm Road
and Pharmacy Road in the evening peak hour (16:00 -
17:00).

Figure 4. Unsignalized Teknokent Junction

Safety performance measures can be obtained
either through simulation (based on well specified or
calibrated traffic models) or experimentally through
observational vehicle tracking data. Accurate calibration
of the traffic models ensures that simulated measures
of safety performance are reflective of the “real world”
traffic conditions. The microscopic model, for a case
study, allows the estimation of road safety performance
through a series of indicators, representing interactions
inreal time between different pairs of vehicles belonging
to the traffic stream (Guido et al., 2011).

Only travel time was measured at unsignalized
junction for all arms. Queue length, number of stops
and delay could not be measured due to unsignalized
junction. Moreover, vehicles were stopped in the
conflict area between the links. The vehicles coming
from Cat Road had very high speed. Therefore, traffic
accidents occurred in this intersection points. These
accidents occurred in the intersection point between Cat
Road and Dorm Road according to accident records.

Firstly, roundabout type junction (radius is greater
than 21 m) was planned for this junction. However, the
land use of the area is limited for roundabout application,
because the elevations of the arms of junction are so
different from ground to applicate roundabout. The
area needs a high landfill for roundabout. Hence, it was
neither an economical nor a rapid solution.

91



Osman Unsal BAYRAK et al.

Secondly, the intersections were proposed to be
made signalized. Signalized junction was planned and
simulated by VISSIM for the junction. Travel time,
delay and queue length were used as performance
criteria. Two right turn islands were established in the
model for Cat Road to Dorm Road and Pharmacy Road
to West Road connection as seen in Figure 5. Further,
U-turn area was created for the vehicles on Dorm Road
before they reach the junction (Figure 5).

The signalization was applied to each arm and
inner side of the junction (Figure 6). The reason for
the application of inner signalization was the driving
behaviour of Turkey, because, drivers in Turkey pass at
the end of the amber and during the first second of the
red time. Hence, there was a conflict between the cars
passed during green and the cars turned left. Six signal
groups were allowed for the junction given in Figure 6.
Signal times and phasing were determined as several
alternatives (Figure 6 - 7).

Two different signalization programs were held in
the morning and evening hour, because there was a big

Toad

Figure 6. Signalization at Teknokent junction for Cat Road arm

difference in the number of vehicles in the morning and
evening hours, especially on the Cat Road.
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Figure 8. Signal Times for Morning Peak

RESULTS AND DISCUSSION

Calibration details were given in Table 1. After
the model is calibrated, simulation is run to find the
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deficiencies in the model in terms of high queue lengths,
average travel times and higher delays.
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Table 1. Calibration Details of the Vissim Model

Travel Time (s) Queue Length (m)
%] 2 %) e
g, £ g S, £ E
E=} _ E=Rf) _
Name of the route = % - S =2 > S
= = =] =
g5 = = g5 < =
&toigi‘; lﬁzjl’gama"y Road 5537 75.50 2 56.09 7037 2
%é;‘i’j‘gi ;Z:lgamacy Road 53.80 60.50 ! 24.66 25.58 0
Sv‘:;:‘RIi‘;Zd to 90.69 99.50 ! 26.15 36.6 2
Eg‘i‘rggfg Road to 74.80 84.00 ! 32.86 4032 !
Total links 274.66 31950 | 3(<4)|  139.76 17287 | 3(<4)

Table 1 shows the GEH values for the routes.
According to Table 1, GEH values are smaller than 4
for the sum of all link counts. Hence the model is said
to be calibrated.

The travel times, queue lengths and delays were
evaluated for the implementation of traffic management
measures. Because of the fact that two different

DormrRoad e

S

West Road

Cat Road

signalization programs were used, the measures were
obtained for morning and evening.

The proposed junction management model was
established in the study area (Figure 9-10). Real time
measurements of the performance criteria parameters
were obtained. Real time measurements were compared
with the simulation results, as seen in Table 1.

Right Turn Island

U-turn for
Dorm road

Right Turn Island

Figure 10. Right turn island for Cat to Dorm Road route and U-turn for Dorm Road
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Figure 11. Travel Time for Morning and Evening Peak

In terms of travel time, similar periods of time were ~ programs. For the travel time calculations, the route
obtained depending on the morning and evening peak  lengths were 590 m and 795 m for Cat Road and Dorm
hours (Figure 11). Although the number of vehicles  Road, respectively. Maximum travel time was observed
in traffic in the morning and evening is different, the  from West Road to Dorm Road.
travel time was not increased due to two different signal
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Figure 12. Average Delay for Morning and Evening Peak

In Figure 12, maximum delay values were that have greater vehicle density, i.e. Cat Road and
determined on the West Road to Dorm Road route, = Pharmacy Road. By designing a right turn island on Cat
because the longest red signal period was in this arm.  Road to Dorm Road and Pharmacy Road to West, delay
The delay values were similar in morning and evening  time was minimized.
peak hour. The delay time was greater in the arms
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Average Queue Length
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Figure 13. Queue Length for Morning and Evening Peak

According to the Figure 13, especially for Cat
Road, a quite long queue occurred in the morning peak.
Cat Road has 60% of the total number of vehicles in
the morning peak for Teknokent Junction. Therefore
the longest queue length was expected to occur on Cat
Road. However, this queue was totally discharged in
green signal time according to the field observations.
Other arms had approximately 20m queue length and
also were discharged in green signal time for morning
peak. All arms had similar queue length in the evening
peak except for the West Road. The arms that have the
longest queue length were the arms which have public
transportation vehicles.

After the proposed model was established in the
study area, no traffic accident was observed for four
months. This situation is the most important output for
the established model.

CONCLUSION
* The final conclusions being reached can be
summarized as follows:

* Signalized junction was planned and simulated
by VISSIM for the junction

¢ Established right turn islands minimized the
delay time.

* All arms were discharged in green signal period.

* Two signal programs were used due to different
vehicle compositions for morning and evening peak.

* Similar periods of travel time were obtained
depending on the morning and evening peak hours.

Cilt / Volume: 6, Say1/ Issue: 3, 2016

* No traffic accident was observed during the
implementation of established model.
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Kalsiyum Oksalat Monohidrat Kristal Biiyiimesine Karahindiba
(Taraxacum Officinale) Bitkisinin Etkisinin Incelenmesi
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OZET: Bobrek taslar1 giiniimiizde énemini koruyan, yaygin bir hastaliktir. Bobrek tasi, asir1 doygun iirin
icerisinde kalsiyum oksalat monohidrat kristallerinin renal papillalardaki epitel hiicrelerde ¢ekirdeklenme, biiyiime
ve ¢okme asamalaridan olusan bir kristalizasyon prosesidir. Ilerleyen teknolojiye ragmen bobrek taslarmin
tekrarlanabilirliginin yiiksek olmasi ile tibbi ve cerrahi tedavilerin yiiksek risk faktorleri tasimasi geleneksel
yontemlerde yeni arayislara sebep olmustur. Bu ¢alismada, biyomineralizasyon agisindan olduk¢a énemli olan
kalsiyum oksalat kristalizasyonuna dogal katki maddesi olarak Karahindiba (7araxacum officinale) bitki ekstraktinin
in vitro kosullarda etkileri incelenmistir.
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Investigation of the Effect of Dandelion Plant (7Taraxacum Officinale)
on Calcium Oxalate Monohydrate Crystal Growth

ABSTRACT: The formation of kidney stones is a common diasese. It has accepted that the formation of kidney
stones is a process that consist of nucleation, growth and aggregation of calcium oxalate monohydrate crystals
on epithelial cells at renal papillae in super saturated urine. In spite of the technological developments, the high
recurrence rate of kidney stone formation and the risk factors of all available surgical and medical treatments for
kidney stone disease cause new researches in traditional methods. In this study, the effects of dandelion (7araxacum
officinale) plant extract as a natural additive on crystallization of calcium oxalate, which have great importance in
biomineralization, were investigated in vitro.
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GIRIS

Kalsiyum oksalat monohidrat kristalleri iriner
bolge ve bobrekte olusan taslarin ana bilesenini
olusturdugundan, biyolojik mineralizasyonda ilgi
¢eken Onemli bir arastirma konusudur (Millan et al.,
1997; Opalko et al., 1997; Bernard-Michel et al., 1999;
Akyol and Oner, 2007; Akyol and Oner, 2014;).

Dogada, kalsiyum oksalat {i¢ farkli hidrat
yapida bulunmaktadir. Monoklinik kalsiyum oksalat
monohidrat (CaC,0,.H,0, COM ya da whewellite)
termodinamik acidan oda sicakliginda en kararh
olan yapidir. Tetragonal kalsiyum oksalat dihidrat
(CaC,0,.2H20, COD ya da weddellite) ve triklinik
kalsiyum oksalat trihidrat (CaC,0,.3H20, COT ya da
caoxite) termodinamik agidan oda sicakliginda yar
kararli yapidir. Monoklinik COM ve tetragonal COD
bobrek taslarinda ana yap1 olarak bulunur. COT yapisi
ise bobrek tasinda ¢ok nadir olarak bulunur (Sheehan,
1981).

Olusumnedenitamanlagilamamaklaberaber, cografi
faktorler, 1k, cinsiyet ve beslenme aliskanliklariin tas
olusumunda etkili oldugu belirtilmistir (Miller, 1996).
Uriner tas olusumu kristalizasyon engelleyicilerinin
yoklugu, kristalizasyonu artirict maddelerin varligi
ve bazi morfolojik faktorlerden etkilenmektedir.
Kristalizasyon engelleyiciler iiriner tas sistemi igin
kritik 6neme sahiptir. Giiniimiizde bobrek taslarinin
biiyiik gogunlugunu ortadan kaldirabilecek etkin tedavi
yollar1 bulunsa da bu problem pek ¢ok insani1 etkilemeye
devam etmektedir (Munoz and Valiente, 2005).

COM kristallerinin ¢dkmesi ve biiylimesinin
engellenmesi ya da COM ¢ekirdeklerinin daha az
kararli bir yap1 olan kalsiyum oksalat dihidrat (COD)
kristallerine doniistiiriillmesi bobrek tasi geligimini
onlemektedir (Jung et al., 2005). Daha 6nce yapilan
birgok aragtirmada, COD yapisindaki kristallerin
kolaylikla idrar ile viicuttan disar1 atildig1 belirlenmistir
(Yu et al., 2005). Bobrek tas1 tedavisinde kullanilan
cerrahi ilag tedavilerinin agrili ve
yiiksek maliyetli olmasinin yaninda geleneksel olarak
kullanilan bitkilerin dogal ve zararsiz olduklarmin
diisiiniilmesi son yillarda bitkisel ilaglara olan ilginin
artmasina neden olmustur (Akyol et al., 2016).

yontemlerin,

Hindiba, anavatan1 Tiirkiye olan sifali bir bitkidir.
Ulkemiz hindiba iiretimi i¢in diinyada en iyi cografi ve
iklim sartlarina sahip olmasina karsin en ¢ok ekimi ve
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tiiketimi Avrupa’ da dzellikle Isvicre’ de goriilmektedir.
Iyi bir idrar soktiiriicii ve bagirsak yumusatici olan bu
bitki miizmin romatizma, gut, bobrek ve safrakesesi
hastaliklarina da iyi geldigi bilinmektedir. Besleyici
degeri oldukga yiiksek olan Karahindiba, % 5’e¢ varan
yliksek bir oranda potasyum igermesinden dolayi, en
iyi dogal potasyum kaynaklarindan biridir. A vitamini,
C vitamini ve nikotinik asit ile kalsiyum ve tiirlii
mineraller yoniinden de zengindir. Ayrica, torexacin,
retinol, levulin, inulin gibi bilesikler icerir (Anonim,
2016). Karahindiba kristalizasyon engelleyici olarak
etkili oldugu diisiiniilen fenolik asit bakimindan da
zengin bir bitkidir (Oliveira et al., 2013; Ivanov, 2014).

Bu c¢alismada, ciddi bir klinik sorun oldugu igin
biyomineralizasyonda arastirmacilarin ilgisini ¢eken
idrar ve bobrek tag1 sorununun ¢éziimiine katki saglamak
amactyla dogal katki maddesi olarak karahindiba
(taraxacum officinale) ekstraktinin kalsiyum oksalat
monohidrat kristal kinetigi ve morfolojisine etkisi
laboratuvar ortaminda (in vitro) incelenmistir.

MATERYAL VE YONTEM

Yapilan deneylerde kimyasal olarak kalsiyum
kloriir (CaCl,.2H,0) (J. T. Baker), sodyum oksalat
(Na,C,0,) (J. T. Baker) kullamlmigtir. Dogal katki
maddesi olarak karahindiba otu kullanmilmistir. Yapilan
deneylerde 10 gram Karahindiba otu 100 ml su
igerisinde 10 dk. kaynatilip ekstrakti elde edilmistir.
Kristalizasyon deneyleri sirasinda ise 1 L hacimli
¢ift cidarli cam reaktérde yapilmistir. Deneylerin
gerceklestirildigi  sistemin 1sisinin  sabit  tutulmasi
amactyla otomatik kontrolli su banyosu (Kerman
Omron E5CSV) ve kullanilan ¢o6zeltilerin istenilen
sicakliga getirilmesinde ise manyetik karistiricilt 1sitict
(IKA RCT Basic) kullanilmistir. Konsantrasyonun
her noktada ayni olmasi amaciyla deneyler sirasinda
mekanik karistirici  (Yellowline OST 20 Basic)
kullanilmistir. Cozeltiler ultrasonik banyoda (Bandelin
Sonorex RK 100 48 H) ¢oziindiiriilmiistiir. Reaktor
icindeki sicaklik ve iletkenlik degerleri iletkenlik
olger (WTW Series inolab Cond-730) cihazi ile takip
edilmistir. Yapilan kristalizasyon deneyleri siiresince
veriler belirli araliklar ile bilgisayar (IBM) lizerinde
“Multi-Lab pilot” programi kullanilarak depolanmis
ve degisim grafikleri elde edilmistir. Deneyler
stiresince sicaklik insan viicut sicakligl temel alinarak
37£0.1 °C’ da sabit tutulmustur. Kalsiyum oksalat
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kristalleri, kalsiyum kloriir (CaCl,.2H,0) ve sodyum
oksalat (Na,C,0,) ¢ozeltilerinin karigtirilmas: ile elde
edilmistir. Cozeltiler kullanilmadan 6nce ultrasonik
banyoda 3’ er dakika bekletilmistir. Deneyde ilk olarak
CaCl,.2H,0 ve Na,C 0, baslangi¢ ¢ozeltilerinin her
birinden 6.5x10* M hazirlanmastir. Bu ¢ozeltilerden

Mekanik
Kangtinc

iletkenlik Probu L_’J pH Probu

Su
Banyosu

300’ er ml alimmustir. Alinan ¢dzeltiler 6nce ultrasonik
banyoda bekletilip sonra 37+0.1 °C’ ye kadar
isitilmistir. Cozeltilerin karigimina sirasiyla 0.5, 1 ve 5
ml degerlerinde karahindiba otu ekstrakti eklenmistir.
Deney diizenegi Sekil 1’ de gosterilmistir.

pH Olgiim Cihaz iletkenlik Hlgiim

Cihazi

Sekil 1. Kristalizasyon deney diizenegi.

Kalsiyum konsantrasyonunun zamanla degigsimini
incelemek amaciyla farkli konsantrasyonlardaki
numune Omnekleri Atomik Absorpsiyon Cihazi
(PerkinElmer AAnalyst 200) ile o6lgiildii. Atomik
Absorpsiyon cihazi ile yapilan O6l¢iimler ile bu
konsantrasyonlara karsilik gelen iletkenlik degerleri
arasinda grafik ¢izilerek iletkenlik ile konsantrasyon
arasindaki bagmti bulunmustur. Bitki ekstraktinin
etkinligi R /R degerlerine bakilarak degerlendirilmistir.
Kristalizasyon deneyleri ii¢ kere tekrarlanmis ve
ortalamalar1 almmistir. R /R orani kalsiyum oksalat
kristalizasyon hizinin (R,), katki maddesi (karahindiba
ekstrakt1) kullanildig1 zaman ele gecen kristalizasyon
hizina (R) oram olarak alimmustir. R /R orammnin

biiyiimesi katki maddesinin COM  biiylimesini

engelleyici olarak etkinliginin arttigini gostermektedir.
Ayrica kristal morfolojisini incelemek i¢in Tarama
Elektron Mikroskobu (SEM) JEOL JSMSEM), XRD
(Panalytical X pertProPW3040/60) ve FT-IR (Bruker
Alpha-P) kullanilmistir.

BULGULAR VE TARTISMA

Katki miktarlarinin kristalizasyon hizina etkisi
Cizelge 1°de, verilmistir. Cizelge 1’de gorildiigi
gibi katki maddesi arttikga Ro/R orami artmistir. Bu
durum kristalizasyonun yavasladigini gostermektedir.
5 ml karahindiba ekstrakti kristalizasyonu tamamen
durdurmustur.

Cizelge 1. Karahindiba ekstrakt: miktarinin kristalizasyon etkisi

Karahindiba ekstrakt miktari R/R,
0.1 ml 1.67
0.25 ml 241
0.5 ml 6.73
1 ml 19.1
5ml Kristalizayon gdzlenmemistir.
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Kalsiyumoksalatkristalizasyonunakatkimaddelerini
etkisi ¢ok sayida arastirmaci tarafindan incelenmistir.
Arastirmacilar inhibitoriin kristalizasyonu engelleyici
etkisini kristal yiizeyindeki aktif biiylime bolgelerine
adsorpsiyonu olarak agiklamiglar ve kinetik sonuglarin
adsorpsiyon uygunlugunu
gostererek bunu dogrulamiglardir (Sheehan, 1981).

Langmuir modeline

Asidik molekiillerin kalsiyum oksalat kristallerinin
cekirdeklenmesi, kristal biiylimesi ve topaklanmasini
engelledigi daha 6nceki bir¢ok ¢aligmada belirtilmistir.
(De Oliveira et al, 2013; Akyol et al.,, 2016).
Karahindiba bitkisinde bulunan asidik gruplarinin
(fenolik asitlerin) kristalin aktif biiyliyen yiizeylerine
adsorpsiyonunun ve de —COOH gruplan ile Ca*
kristalitlerinin etkilesiminin kalsiyum oksalat cokmesini
engelledigi diisliniilmektedir.

Kristal yiizeyine direk temas eden ekstrakt i¢inde
¢Oziinmiis molekiillerin kristal ylizeyine adsorbe
olduklari
modelinde

disiiniilmektedir. Langmuir adsorpsiyon
ylizeye tabakasindaki
katki maddesinin konsantrasyonu yigin fazdan daha

bitisik  ¢dzelti

yiiksektir.

Gazlar i¢in  gelistirilen Langmuir izotermi
adsorbe olan molekiillerin {iniform dagildiklarini
varsaymaktadir.  Literatiirde  farkli  adsorpsiyon

izotermleri bulunmakla beraber teorik olarak az bir

Katki maddelerinin  kristalin  aktif  biiyiime
bolgelerine  adsorpsiyonu  ile  kristalizasyonu
engelledigini ifade eden Esitlik 1. kullanilarak diigiik
polimer konsantrasyonlarinda R /(R-R) ile 1/Ci
arasinda grafik ¢izilirse aralarinda lineer bir baginti

oldugu goriiliir.

Ro — Ri\"
( R, ) = o 0y
! (1)

Adsorpsiyon aktif sitelerinin & degeri, Langmuir
ve Temkin adsorpsiyon izotermleriyle agiklanabilir
(Kirboga and Oner, 2010).

Langmuir izotermi homojen adsorpsiyon igin
kullanilmaktadir. Bu izotermde, adsorpsiyonun
adsorplayici katinin ylizeyindeki tek bir tabaka ile
sinirli oldugu ve adsorplanan maddelerin kati yiizeyinde
hareket etmedigi varsayilmaktadir. Bu tek tabakadaki
baglayic1 siteler adsorplayicinin ylizeyine homojen
olarak dagilmistir ve hepsi ayni adsorpsiyon enerjisine
sahiptirler (ileri ve Cakir, 2006; Cicek et al., 2007).

Adsorpsiyon aktif sitelerinin &, degeri, Temkin
adsorpsiyon izotermleriyle de aciklanabilir (Kirboga
and Oner, 2010). Temkin izoterm modelinde adsorbe
olan maddeler arasindaki etkilesim g6z Oniine
alinmaktadir. Cozelti igerisindeki tiim molekiillerin
adsorpsiyon entalpisi dikkate alinarak gelistirilmigtir
(Elkady et al., 2011).

3 . . . y . KC;

oneme sahiptir ve bu izotermlerin ¢ogu Langmuir g = Langmuir izotermi

izotermine indirgenebilir (Shechan, 1981). 1+ KC )
0; =ZInCy+ Z InC; Temkinizotermi 3)

Bu esitliklerde K, C, Z sabitler olup C, katki
miktaridir. K, Langmuir sabiti ise su sekildedir:

expQuiss
RT (4)

K =

Bu esitlikte Q i Uygun adsorpsiyon sitelerinin #,
degerlerinin yerini tutan diferansiyel 1s1 degeridir. C,
sabiti ise su sekilde tanimlanir:

_ expQaiss
0 RT (5)
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Burada Q° g > B degerlerinin yerini tutan ilk 1s1
adsorpsiyonu degeridir.

Esitlik 1.”in Langmuir ve Temkin izoterm Esitlikleri
2. ve 3. ile birlikte kullanimi sonucunda, n = 1 igin
(kink) asagidaki denklemler kullanilir:

R 1
e (1070)
R, — R; KC;

Langmuir Kink
(6)

Ro — R;

=z & (InCy + InC;)  Temkin Kink

Ro )
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n =2 i¢in ise (terrace), denklemleri kullanilir (Kirboga and Oner, 2010).
Ry \* 1 _ Cizelge 1’deki kinetik veriler kullanilarak
(RO —Ri) =« (1 +1<_ci) Langmuir Terrace (3 Langmuirizoterm esitlikleri igin (Esitlik 6. ve 8. Kink
ve Terrace degerleri hesaplandi.
R, — Ri\? ..
( OR l) =z «? (InCy + InC;) Temkin Terrace R,/R, — R) ve [R,/ (R, — R)J? degerlerinin
0 ) (C) degerlerine kars1 ¢izilen grafigi Sekil 2’de
gosterilmektedir.
7
| ®Kink
& W Terrace
e 5 -
@,
[
eg ,
gE .
1 -
o T T T T T
0 2 a4 6 8 10 12
Ci! (ml?)

Sekil 2. R /(R,—R) ve [R,/(R,—R)]’ degerlerinin (C;’) degerlerine kars1 grafigi

Cizelge 1°deki kinetik veriler kullamlarak Temkin  degerlerinin In(C,) degerlerine karsi gizilen grafigi
izoterm esitlikleri i¢in (Esitlik 7. ve 9.) Kink ve Terrace ~ Sekil 3’de gosterilmektedir.
degerleri hesaplandi. (R, - R)/R, ve [(R,—R) /R ]’

(Ro-Ri)/Ro
0—Ri)/Ro

O T T T T
25 3 15 -3
In(C;)

Sekil 3. (R, — R)/R, ve [(R,— R)/R ]’ degerlerinin In(C) degerlerine kars: grafigi
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Sekil 2 ve 3°deki grafiklerin egim ve kesim
noktalarindan hareketle, Langmuir i¢in Esitlik 4.
kullanilmigve Kile Q, l.ffde gerleri hesaplanmistir. Temkin
i¢in ise Esitlik 5. kullanilmis ve C, ile Q° iy degerleri
hesaplanmigtir. Sonuglar Cizelge 2°de gosterilmistir.

Kinetik verilerimizin kullanilan denklemler i¢in ne
derece uygun oldugu R’ degerleriyle kanitlanmistir.
Cizelge 2’de goriildiigii gibi Langmuir izoterminin
Terrace modelinin R’ degeri daha yiiksek oldugundan
bu izoterm modelinin kullanilmasi daha uygundur.

Cizelge 2. Karahindiba ekstrakti varliginda kalsiyum oksalat kristallerinin 37°C’de biiylimesine ait hesaplanan K, Q.. ve Q° .. degerleri

Langmuir izotermi

Temkin izotermi

Adsorpsiyon
Modeli K Q. R? C, Q% R?
Kink 6.1767 4.6928 0.9775 47.1425 9.9309 0.9737
Terrace 1.7250 1.4052 0.9948 14.2662 6.8502 0.9643

Karahindiba ekstrakt1 ile gergeklestirilen deneyler
sonucunda elde edilen kristallerin morfolojileri ve
boyutlarinin incelenmesi amaciyla tarama elektron
mikroskobu (SEM) kullanilarak fotograflari ¢ekilmistir.

Olgiimler, SEM fotograflarindan farkli bélgelerinden
alman 50 ile 150 arasi kristal Orneginin ortalamasi
almarak yapilmustir.

Sekil 4. Katkisiz (a) ve 1 ml karahindiba ekstrakti ile (b) elde edilen kalsiyum oksalat kristallerinin SEM goriintiisii

Katki maddesi yoklugunda ve varliginda
elde edilen kristallerin SEM goriintiisii Sekil 4’de
verilmistir. Katki maddesi olmadan elde edilen
kristallerin COM yapisinda oldugu Karahindiba
ekstraktt ile gergeklestirilen deneyler sonucunda
elde edilen kristallerin ise COD yapisinda oldugu
SEM ve FT-IR
Katkisiz elde edilen kristallerin FT-IR goriintiisii

analizleriyle kanitlanmistir.

102

ise Sekil 5’de, 1 ml karahindiba varliginda
edilen kristallerin FT-IR goriintiisii ise Sekil
6’da verilmistir. 3000-3500 cm™’ bolgesinde

COM’da su molekiillerinden kaynaklanan 5 zayif
pik bulunurken COD i¢in yaklagik 3477 cm™'’de
belirgin tek bir pik bulunmaktadir. 949 cm™' ve 885
cm™ tipik COM pikleridir. 718 cm™ ve 517 cm!
civarindaki pikler O-C-O gruplarim1 gostermektedir.
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Sekil 5. Katkisiz elde edilen COM kristallerinin FT-IR spektrumu

Sabit asir1 doygunluklarda morfoloji degisimlerini ~ goriilmektedir. Analiz sonucunda incelenen karahindiba
incelemek i¢in SEM goériintiilerinin yanm1 sira 1 ml  ekstrakti igeren numunenin piklerinin COD pikleri
karahindiba ekstrakti kullanilarak yapilan deneylerden  ile eslestigi ve yapismin degistigi XRD sonucu ile de
elde edilen numune X-igmm1 difraktometre analizi  ispatlanmig oldu.

(XRD) ile de incelenmistir. Analiz sonucu Sekil 7°de
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Sekil 6. Karahindiba ekstrakti ile elde edilen COD kristallerinin FT-IR spektrumu
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Sekil 7. Karahindiba ekstrakti ile elde edilen COD kristallerinin XRD spektrumu

SONUC

Bu calismada, kalsiyum oksalat monohidrat kristal
karahindiba
ekstrakti ile laboratuar ortaminda ¢alisma yapilmis ve

biliylimesinin  engellenmesi amaciyla
yapilan bu calismalardan olumlu sonuglar alinmistir.
Sabit baglangi¢ asir1 doygunlugunda farkli miktarlarda
dogal katki maddesi

deneyler sonucunda karahindiba ekstrakti miktarinin

kullanilarak gergeklestirilen

artmastyla kristal olusum hizinin azaldig1 ve hatta 5 ml
ekstrakt miktari ile kristalizasyonun tamamen durdugu
goriilmiistiir. SEM ve FT-IR incelemesi sonucunda ise
karahindiba ekstraktinin ¢ok az miktarinin bile COM
kristal olusumunu engelledigi ve daha az kararli olan
CODkristallerinin olustugu gézlemlenmistir. Kullanilan
katki maddelerinin dogal olmasi1 biyomineralizasyon
caligsmalari a¢isindan oldukc¢a dnem tagimaktadir. Katki
maddelerinin kalsiyum oksalat kristalleri tizerindeki
ve COD
kullanilan

kiigiiltiicti  etkisi yapisina doniisimiin
karahindiba

bobrek tasi hastaliginin tedavisinde yararli olabilecegi

gerceklesmesi bitkisinin

goriigiinii desteklemektedir.
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Uclii Faz Ayrim (UFA) ile Geleneksel Enzim Saflastirma
Tekniginin Karsilastirilmasi; UFA ile Saflastirilan p-Galaktosidazin
Termodinamik Ozellikleri

Yonca DUMAN!

OZET: Enzimlerin yaygm endiistriyel kullanimlar1 mevcuttur. Ancak bu énemli biyokatalizorlerin saflastirma
maliyetleri kullanim alanlarmi kisitlamaktadir. Son yillarda yapilan ¢alismalar enzimlerin saflagtirma
basamaklarimi diisiirerek maliyet ve zaman tasarrufu yapmak yéniindedir. Bu amagla Uglii faz yontemi (UFA)
ile enzim saflastirmasi1 6nemli bir yéntemdir. Hedef enzim Uglii faz yénteminde t-biitanol ve amonyum siilfat ile
kullanilarak enzim ¢ozeltisi tuzlu ara fazda ¢oktiiriiliir. Metodun basitliginin yani sira hizli sonug vermesi ve diisiik
maliyeti endiistriyel kullanmimin1 cazip hale getirmektedir. Bu ¢alismada enzimlerin geleneksel yontemler ile UFA
saflastirilma protokolleri karsilastirilarak ydntemlerin birbiri {izerine iistiinliikleri tartisildi. Ayn1 zamanda UFA
Yontemi ile saflastirilan B-galaktosidaz enziminin termodinamik 6zellikleri ve AG*, 62.21 kJ mol'; A* | -13.56 kJ
mol'; A% 0.25 kJ mol'; AH*, 26.06 kJ mol'; AS#, -0.12 kJ mol'K"! olarak hesaplandi.
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Comparision of Three Phase Partitioning (TPP) and Convantional
Enzyme Purification; Thermodynamic Parameters of
B-Galactosidase Purified by TPP

ABSTRACT: Enzymes have many industrial applications. Unfotunately purification cost restricts of using area
of this importatant biocataliyst. Recent years studies on enzyme purification is about reducing of purification cost
by reducing steps and time saving. Three phase partitioning (TPP) is important purification method. TPP uses t-
butanol and ammonium sulfate to precipitate enzymes and proteins from aqueous solution. The simplicity of the
method combined with its rapid result make this a popular choice in large scale protein purification. In this study
thermodynamic parameters of B-Galactosidase as AG”, 62.21 kJ mol'; A* _, -13.56 kJ mol'; A?_ , 0.25 kJ mol’;
AH?, 26.06 kJ mol'; AS?, -0.12 kJ mol'K"! which was purified by TPP.
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GIRIS
Enzimlerin Genel Ozellikleri

Biyokimyasal  katalizor  olan  enzimlerin
reaksiyonlar1 yiiksek verimle gergeklesir. Enzimlerin
etki ettikleri maddeler tek ve belirlidir. Enzimlerle
reaksiyon veren bu maddelere “substrat” denir (Tiiziin,
1991). Enzimler, katalizledikleri reaksiyonlarin
aktivasyon enerjisini diiglirlir ve dengeye daha ¢abuk
ulagmasin1 sagladiklar1 gibi cansiz ortamlarda da
gorevini yaparlar. Enzimler, bu katalizor faaliyetini
gergeklestirdigi sirada bazi faktorlerin etkisi altinda
kalirlar. Bunlar; sicaklik, pH, enzim konsantrasyonu ve
substrat konsantrasyonu, substrat ylizeyi, ve inhibitor-

aktivatorlerdir. (Uyanik, 2008).
p-Galaktosidaz (Laktaz) Enzimi

hidrolizleyen reaksiyonu katalizleyen enzimdir.
Dort  esit

zincirinden olusan homotetramer

Hidrolazlar smifina girer. aminoasit
[-galaktosidaz

enzimi mevcuttur.

Dogada yaygin olarak bulunan bu enzim mikrobiyal
(Puri et al., 2010; Panesar et al., 2011, Vermaa et al.,
2012) bitkisel (Kang et al., 1994; Lee et al., 2003) ve
hayvansal (Okada and O’Brien, 1968; Altman et al.,
1997) kaynaklardan izole edilebilmektedir.

B-Galaktosidaz  enziminin
tamamen eksikliginde laktoz intoleranst meydana
gelmektedir. Laktoz intoleransi, siitiin baskin sekeri
laktozun yeterli sindirilememesinden kaynaklanir.

yetersizligi  veya

laktoz intoleransinin fazla olmas:

sebebiyle endiistride diisiik laktozlu veya laktozu

Diinyada

B-Galaktosidaz (E.C. 3.2.1.23), Sekil 1°’de  hidrolizlenmis siit ve siit lirlinlerinin tiretilmesi 6nem
gosterildigi gibi laktozu, glikoza ve galaktoza  kazanmistir.
CH;OH
0. OH
CH-0OH OH CH-0OH
OH o O o _OH
OH OH oh
\ HO
OH *H0 OH
CH,OH 2
OH 0. OH
OH
OH

1

Sekil 1. Laktoz molekiiliiniin enzimatik hidrolizi

Ca*?, B-galaktosidazin bilinen bir inhibitéridir
(Greenberg and Mahoney, 1982). Fakat siitteki

kalsiyum 1iyonlar1 kazeine bagli oldugundan,
B-galaktosidazt inhibe etmez (Garman et al.,
1996). pB-Galaktosidaz enzimi laktozun disinda

ayrica sentetik substratlar olan orto-nitrofenil-f3-
D-Galaktopiranosit (ONPG) ve para-Nitrofenil-
a-L-arabinopiranosit (PNPG)  hidrolizini  de

108

katalizlemektedir. B-Galaktosidaz enzimi, ONPG’nin
hidrolizini katalizlediginde substrat, galaktoz ve orto-
nitrofenol (ONP) bilesenlerine ayrilmaktadir (Sekil
2). Renksiz bir bilesik olan ONPG, bu reaksiyon
sonucunda olusan ve ¢oOzeltini rengini sar1 yapan
ONP ile enzim aktivite tayinlerinde kullanilmaktadir
(Chandler et al., 1998).
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CH,OH

CH,OH Q\Noz
o
OH

OH

orto-nitrofenil- B-D-Galaktopiranosit
(ONPG). renksiz

fe) B-Galaktosidaz OoH +
OH
OH

L.
OH

o-nitrofenol
(sary)

galaktoz

Sekil 2. ONPG’in B-galaktosidaz ile hidrolizi

B-Galaktosidazin Endiistriyel Uygulamalari

B-Galaktosidaz enzimi gida endiistrisinde laktozun
hidrolizini ger¢eklestiren en onemli enzimlerden biridir.
Endiistriyel uygulamalardaki teknolojik ve ¢evresel
avantajlar1  asagidaki gibi siralanabilir (McBean
and Miller, 1998; Jurado et al., 2002). 1. Laktoz
intoleransinin giderilmesiyle, laktozun enerji kaynag:
olarak kullanilmasi, 2. Laktoz hidrolizi sirasinda
diisen pH’da gelisimi zor olan Bifidobacterium
tirlerine, galakto-oligosakkaritlerin substrat olarak
etki gostermesi ve bagirsaktaki Bifidobacterium
tiirlerinin gelisimine yardimci olmasi (Macfarlane et
al., 2008), 3. Siit ya da peynir alt1 suyundaki laktozun
hidroliziyle, gida igeriginin teknolojik ve karakteristik
ozelliklerinin ~ gelisimi:  ¢Oziiniirligi  arttirma,
tatlandirma giiciiniin artig1, yogurt gibi iiriinlerin
fermantasyonunu kolaylastirma, 4. Peynir alt1 suyunun
biyolojik pargalanabilirliginin artig1. Diisiik laktozlu siit
iiretiminde, pastorize edilmeden Once siitiin igerisine
eklenen sivi enzim 24 saat boyunca bekletilir ve daha
sonra laktoz hidrolizini durdurmak igin siit pastorize
edilir.

Enzim Saflastirma Stratejisi

Bir proteinin 6zelliklerini ve aminoasit dizilimini
tanimlayabilmek igin dnce o proteinin saf olarak elde
edilmesi gereklidir. Hiicrelerde binlerce farkli gesit
protein icerigi vardir ve bunlardan sadece birinin
saflagtirilmas1 o proteinin diger proteinlerden farkli
Ozelliklerinin  olmasiyla  gerceklesebilir.  Enzim
saflastirmanin temel stratejisi, en diisiik maliyetle en
yiksek saflik oranina ulagmaktir. Saflastirilacak enzim

oncelikli olarak tespit edilmelidir. Analitik amach

Cilt / Volume: 6, Say1/ Issue: 3, 2016

caligmalarda az miktarda enzim ama miimkiin olan
en yiiksek saflik oranm istenirken endiistriyel kullanim
igin ise bu durum tam tersidir. Bu strateji belirlenirken
hususlardan  Dbirisi
bulunabilirligidir. ~ Ciinkil

maliyet ve zaman olduk¢a 6nemlidir. Enzim saflagtirma
siireci icerisinde dikkat edilmesi gereken bir husus da
enzim aktivitesinin korunmasi ve miimkiinse artmasidir.

onemli de enzim kaynaginin

saflastirma stratejisinde

Enzim aktivitesinin korunmasini saglamak adina
yapilan islemler ve enzimin muhafazasi her zaman
+4°C’de yapilmalhidir (Bollag et al., 1994; Erarslan ve

ark., 2008).
Enzim Saflastirmada Temel Yontemler
Enzimin kaynagindan enzimin izole edilmesi

Kaynak tiirtine gore farkli yontemler segilebilir.
Bakteriler i¢in sonikasyon kullanilirken bitkiler icin
ezme yontemi kullanilabilir. Hiicre disinda bulunan
enzimlerin izole edilmesi ek bir iglem gerektirmezken,
hiicre i¢inde bulunan enzimler i¢in hiicre duvart ve
zarinin yikimi saglanmalidir. Bu yikimi saglamak igin
kimyasal ya da fiziksel islemler yapilabilir (Angal and
Harris, 1990).

Kimyasal islemler: Uygun tampon c¢ozeltiler
igindeki hiicre ¢ozeltisi ile organik ¢oziiciiler, enzimler
ve deterjanlarla muamele edilerek hiicre duvarmin

yikimi saglanir.

Fiziksel islemler: Tampon ¢dzeltisi igerisinde
¢Ozeltilerine mekanik pargalama
teknikleriyle yapilmasidir. Ozmotik sok, ses dalgalari,
homojenizasyon, cam bilyelerle pargalama teknikleriyle

bulunan hiicre

uygulanabilir (Angal and Harris,1990).
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Santrifiijleme

Degisik  basamaklarda uygulanabilecek  bir
islemdir. 1. basamaktan sonra hiicre organellerinin ve
biiyiik partikiillerin uzaklastirilmasi igin kullanilabilir.
Bunun yani sira amonyum siilfatla ¢oktiirme igleminden
sonra da yapilir. Cok defa bagvurulabilecek bir islemdir.
Denatiirasyonu onlemek i¢in bu islem de +4°C’de

yapilmalidir.

(NH4);:SO4

\ Sty
M istenmeyen
proteinler

Amonyum siilfat coktiirmesi

Belirli
amonyum

doygunluk derecesine gore eklenen
siilfat agirligindaki
enzimlerin ¢okmesine neden olur. Sekil 3°te gosterildigi
gibi c¢coktiirme islemlerindeki istedigimiz aralig:
buldugumuz zaman diger proteinlerden kurtulmus
oluruz.

degisik molekiil

9% 60Tk (NH4);SO4

. santrifij

le
|
Sony anuifly I -
ORI s | [ .-
Q%A - ! R
2 o % 0.
E Setos k
e {
e R eetenet
ot Tl \' 4
. . <-4
RN e protein < awES

Sekil 3. Amonyum siilfat ¢oktlirmesi (Ay ve ark., 2010)

Diyaliz

Tuz ¢oktiirmesinden sonra enzimde bulunan tuzdan
ve istenmeyen diger kiigiik molekiillerden uzaklagmak

sonra dengede

8saat
sonra dengede

icin diyaliz islemi yapilir. Sekil 4’te 6rnek diyaliz islemi
gosterilmistir.

12saat
sonra dengede

Sekil 4. Diyaliz uygulamasi (Ay ve ark., 2010)

Protein ¢ozeltisi, kiicik molekiilleri gegiren
fakat biiylik molekiillerin gegisini engelleyen yar1
gecirgen bir membran olan diyaliz torbasina konur
ve uygun tampon ¢ozelti igerisine birakilir (Erarslan
ve ark., 2008).

Membranlar

Mambranlar kullanilan adimda kii¢iik molekiiller
yarli gegirgen bir membrandan gecgerken ¢ozelti
konsantre edilmekle birlikte, ayn1 zamanda diisiik
molekiil agirligina sahip molekiillerin uzaklastirilmasi
icin de kullanilir (Sekil 5). Bu yontem ile yar1 gecirgen
membrana santrifilj ya da hidrostatik basing uygulamasi

110

ile secilen membranin gbzenek boyutuna bagli olarak
partikiillerin uzaklastirilmasi esastir. Ultrafiltrasyon
membranlarda gézenek boyutlar1t NMWC; (Nominal
Molecular Weight Cut-off) degerine gore belirlenir.
Membranlarin gézenek biiyiikliikleri homojen degildir.
kullanilacak membranlarin NMWC
degeri hedef proteinin molekiil agirligindan anlamlh
derecede kiigiik olmalidir NMWC; membrandan

Bu nedenle

gecisi miimkiin olmayan kiiresel (globiiler) protein
molekiiliinlin en diisiik molekiil kiitlesini verir. 1 kDa
ile 100 kDa arasinda NMWC degerine sahip ticari
membranlar mevcuttur. Tuz ve su molekiillerinin
uzaklastirilmasinin yani1 sira ¢alisilacak proteinin
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proteinlerin uzaklastirilarak saflagtirma islemine katki

uygulamasi sayesinde diisik molekiil agirlikli  saglanabilmektedir.
Kiigiik
Proteinler Molekilller  Tuz ve Su
00 @® osuns AAAA
Filtrasyon yoni [
[ 110 AAA A
Sekil 5. Ultrafiltrasyon ¢aligma prensibi (Erarslan ve ark., 2008)
Isitma sicakligi ifade etmektedir. Formiilden de anlasildigi gibi
Proteinlerin 1sitma iglemi ile denatiirasyonu, sicaklik degisimi E_ ’y1 etkilemekte ve bu da protein

termodinamik kurallarina uygun olarak tek basamakli
hiz sabitiyle tanmimlanabilir. Bu durumda hiz sabiti
k ’nin sicaklikla iligkisi;

dink, E,
— = (1
dT RT
formiliyle ifade edilir E , proteinin temel

denatiirasyonunun aktivasyon enerjisini; k,, proteinin
temel denatiirasyon hiz sabitini; R, gaz sabitini ve T ise

114 A
09

07 1 j{
0.5 j’
0.3 ol

0.1 1
DoDC"pUDD

0.1 T T T T T T T T
0 10 20 30 40 50 60 70 80 90
Sicaklik (°C)

% Denatiirasyon

)@ SV

Nonual Prolein \\\ ,/

denatiirasyonuna sebep olmaktadir. Her proteinin farkli
E_, degeri oldugundan, protein denatiirasyon-sicaklik
gfaﬁk egrisi de farkli olacaktir. Aranilan proteinin
Ozelliklerini goz oOniinde bulundurularak, yiiksek
sicakliklara dayanikli olan proteinler olan termotolerant
proteinler i¢in yapilan 15 dakikalik 1sitma ile birlikte
diger istenmeyen proteinler denatiire edilmis olacaktir.
Sekil 6 A sicaklik ve denatiirasyon arasindaki iliskiyi
gostermekte 6 B ise sicakliga bagli denatiirasyonu
simgelemektedir.

B Denatiirasyon

— e —

P
M \ )
\\ KN

Denatiire Protein

/

o

Renatiirasvon

Sekil 6. Sicaklik ile protein denatiirasyon grafigi
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Ardindan yapilan buzlu sogutma ve santrifiij
islemi ile denatiire edilen proteinler c¢oktiiriilerek
uzaklastirilmaktadir (Olichon et al., 2010; Nostro and
Ninham, 2012).

Izoelektrik noktasina gore ¢oktiirme

Her proteinin net yiikiiniin sifir oldugu bir pH degeri
vardir buna izolelektrik (pI) noktasi denir. Izoelektrik
noktasinda net yiikiin sifir olmasi yiiklii yapilarin
olmadig1r anlamina gelmemektedir, negatif ve pozitif
yiiklii yapilar yine protein yapisinda bulunmaktadir.
Bu pl degerinin altinda protein pozitif yiiklii iken,
pl degerinin iizerindeki pH’larda negatif yiikliidiir.
Protein ¢ozeltisinin izoelektrik noktasina yakin ya da
esit olarak ayarlanan pH ile yapilan ¢oktiirme islemidir.
Izoelektrik noktasinda o proteinin ¢oziiniirliigii en
diisiik diizeydedir, proteinin yiikler arasi etkilesimi
ve van der Waals etkilesimleriyle ¢oker. Izoelektrik
coktiirme, genellikle hedef proteinden ¢ok istenmeyen
proteinleri ¢oktiirmek icin kullanilmaktadir. Bunun
nedeni, izoelektrik noktasina yakin degerde olan
proteinin elektrostatik kuvvetlerle proteinin {i¢ boyutlu
yapisinin  bozulmasidir. Hedeflenen proteinin pl
degerinden daha diisiik pH ayarlanarak istenmeyen
proteinlerin bir kismini santrifiij iglemiyle ¢oktiirerek
uzaklastirmis oluruz (Scopes, 1984).

Kromatografik Yontemler

Saflagtirma yoOntemleri arasinda en yiiksek
saflagtirma oram1 veren yontem kromatografik
yontemdir. Kolon igerisindeki durgun faz ile hareketli
ornek bileseni arasinda yapilan bir ayirma islemidir.
Jel aymma  kromatografisi,  makromolekiilleri
boyutlarma gore ayirir. Capraz bagh dekstran
dolgulariyla proteinleri ayirmada ve proteinlerin
molekiil agirliklarinin tayininde oldukea kullanilan bir
yontemdir. Iyon degistirme kromatografisinde, kolon
dolgu materyali 0.5 M yiiklii gruplar bulundurmaktadir
Proteinlerin  yiikleri yan zincirlerinde bulunan
yiiklii gruplarin varliginda pH ile degisir. Bu sayede
noétrallesen protein ¢ozeltisinde, kolon materyali ile
zit yiiklii olan proteinler kolona adsorblanirken, ayni
yikli proteinler kolonu g¢abuk terk eder. Absorbant
DEAE (Dietilaminoetil) anyon degistirici olarak, CM
(karboksimetil) katyon degistirici olarak yaygin olarak
kullanilmaktadr.

Afinite kromatografisi: Kolon igerisindeki afinite
adsorbani protein disindaki yapilarla bag olusturarak spesifik
proteinlerin kolon igerisinde hareket ederek ayrilmasini
saglar. (Erarslan ve ark., 2008; Olichon et al., 2010).
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Elektroforez

Elektroforez,  proteinlerin  goriintiilenmesini
saglayan analitik bir yontemdir. Proteinlerin saflik
derecesi Olclimiine, izoelektrik noktalarmin tayinine
ve yaklagik molekiil agirligi tayinine olanak saglar.
Elektroforezde proteinler genellikle c¢apraz bagh
polimer olan poliakrilamidden yapilmis jeller ile
yapilir. Akrilamidin, N,N metilen-bis akrilamit ile
polimerizasyonu sonucunda olusturulan jelde metilen,
capraz baglanmayi saglar. Jeller elektroforez kaplarina
dokiilerek olusturulur. Elektriksel potansiyelden (E)
aldig1 giic ve poliakrilamit jelin elek goérevi yapmasi
ile proteinler yiik/kiitle oranina gore hareketini
gergeklestirir (Bollag et al., 1994).

Ug¢ Fazh Ayirma (UFA) Yéntemi

Geleneksel protein saflastirma yontemlerine kiyas
ile; UFA, saflastirmada uygulanan hizhi ve etkili bir
yontemdir. Yontemin temeli, ham enzim c¢dzeltisine
yiiksek konsantrasyonda amonyum siilfatin (0.8-2.4M)
ve suda ¢oziiniirliigi kisith alifatik bir alkoliin (genellikle
t-biitanol) ilavesiyle yapilir. Metanol, etanol, 1-propanol,
2-propanol ve t-biitanol gibi alkoller suda ¢oziinmelerine
karsin kozmotrop tuzlart ¢ézmemektedir bu ylizden
iki ayrt siv1 faz (alkol fazi iistte ve tuzlu sulu faz altta
olmak iizere) olusur. Biyolojik ve kimyasal proseslerde
cozeltideki baziiyon etkileri o iyonlara 6zgiidiir. Bu 6zgiin
iyon etkileri Hofmeister olay1 olarak adlandirilmustir.
Asagida Hofmeister serisi olarak tanimlanan anyon
ve katyon siralamalart verilmistir. Siralama proteini
¢oktiirme kapasitelerine gore yapilmistir (Nostro and
Ninham, 2012).

SO,>>H,PO, > CH,COO > CI > NO;
Mg?>Li">Na"=K">NH/*

Liyotropik (su ¢ekme giicii) seride, klordan 6nceki
anyonlar kozmotrop, klordan sonrakiler ise kaotrop
olarak adlandirilir (Atav ve ark., 2009) Kozmotrop
ifadesi “konumlayic1” anlamiyla ¢ozeltiyi dengeleme
goreviyapar. Kaotrop ifadesi ise “konum bozucu” olarak
proteinlerin yapisini diizlestirerek hidrofobik kisimlari
etkisiz hale getirir ve ¢ozlniirligiini arttirir. Tuz igeren
cozeltiler, icerdigi tuzun kozmotropik ya da kaotropik
olmasma bagli olarak; kozmotrop etki gdsteren tuz,
¢ozeltinin iyonik kudretini yiikselteceginden olusan
hidrofobik etkilesimlerle proteinlerin sudanuzaklasarak,
kiimelesmesini saglayip ¢okmesine (salting-out) neden
olur. Eger tuz kaotrop etkiye sahip ise, iyonik kudretin
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diisiik olmasiyla birlikte proteinlerin hidrofobik
ylizeyinin diizlesmesine ve hidrofilik etkilesime girerek
¢Oziiniirligiini arttiric1 (salting-in) etki gostermesine
neden olur. Coktiirmenin (salting-out) mekanizmasi
NaCl ve t-biitanol varliginda su sekilde agiklanmuistir:
disilk konsantrasyondaki t-biitanol molekiillerinin
cevresine 20 su molekiilii kafes gibi yerleserek sikistirir.
Bunun sonucunda t-biitanolde bulunan alkol grubu
ile metil grubu arasindaki dimer yapinin hidrofobik
etkilesimler sonucunda gevsemesine neden olur. NaCl
ilavesiyle, biitanoliin alkol gruplari anyona (CI) ilgi
gosterir ve amfifil kiimelesme egilimini arttirir. Boylece
faz ayrimi gergeklesir.

UFA ile t-biitanol iliskisi su sekilde agiklanabilir:
t-biitanol, UFA sirasinda ¢dken proteinlere batmama
ozelligi kazandirir. Ara fazin tamponda tekrar
coziinmesiyle spesifik ve toplam aktivite geri kazanilir
ve bazen bunda artis olabilir. Siilfat iyonunun yiiksek
konsantrasyonu, kozmotrop davrandigi gibi t-biitanol
de oda sicakliginda ve daha yiiksek sicakliklarda
kozmotrop davranir. Fakat geleneksel yontem
olan tuzla ¢oktiirme gibi kozmotropi de UFA’nin

Hedef Protein — j0; 0

Amonyum siilfat
B

0l t-biitanol

UFA ile Saflastirilan B-Galaktosidazin Termodinamik Ozellikleri

mekanizmasimin tamamini olusturmaz. Elektrostatik

kuvvetler, protein konformasyon sikisikligindan
olusan kuvvet, protein hidrasyon kaymalar1 da 6nemli

faktorlerdendir (Dennison and Lovrein, 1997).

UFA tekniginin 6nemli bir avantaji biiyiik ve
kiiciik olgekli galismalara uygulanabilmesidir. Diisiik
hizda uygulanan santrifiij ile proteinler pelet (ara) faza
gecer. Olusan {ist fazda genellikle organik solventlerde
UFA’nin
onemli olmasmin bir bagka sebebi, diisik molekiil

cozlinebilen kontamine yapilar vardir.
agirhikli yapilarin; lipidlerin ve fenollii yapilarin

uzaklastirilmasidir.

Sekil 7°de UFA ile faz olusumlar1 gosterilmistir.
Orta faz genellikle birka¢ dakikadan sonra olugsmaya
baslar. Ust ve alt fazlardaki hidrasyon kaymalari,
eklenen amonyum siilfat ve t-biitanol miktarlarina goére
degiskenlik gosterebilmektedir. Genellikle baslangic
¢Ozeltisinin mL bagina 0.2-0.5 mL t-biitanol oram

yeterli olmaktadir.

<«——— t-biitanol

+«—— Anfaz

<«—— Sulu faz

N

Sekil 7. UFA’nin uygulanmasiyla olusan fazlarin gsterimi (Dennison and Lovrein, 1997)

UFA, maliyet agisindan degerlendirilecek olursa
diger yontemlerle kiyaslandiginda; harcanan amonyum
siilfat miktar1, protein saflastirmada ara islemlerden
biri olan tuzla ¢oktiirme islemine gore cok diisiik
olacagindan ve geri kazaniminin da miimkiin oldugu
diisiiniiliirse olduk¢a makul bir maliyet tablosu ortaya
¢ikmaktadir.

Uygulamanin bir énemli artis1 da optimal pH ve
sicaklik gibi deneysel caligmalar1 kolaylastiran bir
uygulama olmasidir.

UFA uygulamasmi optimize ederken denenen
t-biitanol ve amonyum siilfat oranlar1 i¢in ara fazin
haricinde alt ve iist fazlarda da analizler yapilir. Boylece
hedeflenen protein, istenmeyen proteinler ve yapilarin
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hangi fazlara dagildigin1 gézlemlemek miimkiin olur
(Dennison and Lovrein, 1997).

MATEYAL VE YONTEM

B-Galaktosidazin Ham Ekstratinin Hazirlanmasi
ve UFA ile Saflastirilmasi

B-Galaktosidaz enziminin kaynagindan ham
extraktinin hazirlanmas1 ve UFA ile saflastirilmasi
daha 6nce tanimlandig1 gibi yapilmistir (Duman and
Kaya, 2013).

Saflastirilmis p-galaktosidazin Termodinamik
Parametrelerinin Belirlenmesi

Termodinamik parametrelerin hesaplanmasi;
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cat®

AG" =-RT ln(i ThJ (kJ mol™)

be

2

AG": ONPG hidrolizine iligkin aktivasyon serbest enerjisi,

AG!, =-RTn [%j (kJ mol)

m

A3)

AGL, Tranzisyon (gecis) hali baglanma serbest enerjisi,

AG. =—RTIn (KLJ (kJ mol")

m

AG . : Substrat baglanma enerjisi,

AH" =E, —RT (kJ mol ™)
AH" : Entalpi degisimi,

AH" - AG*
AS" = (Tj (kJ mol' K1)

AS": Entropi degisimi,
formiillerini kullanarak yapildi. Formiillerde yer

2

k,, Boltzman sabitini (1.38x10*) (J.LK™");

h, Plank sabitini (6.63x1034) (J.s);

“4)

&)

(6)

R, gaz sabitini (8.314 J.K-'mol™');

k . turnover katsayisim ifade etmektedir (dk')

(Duman, 2008).

Nohut graniillerinden saflagtirilan -galaktosidazla
katalizlenen ONPGhidrolizireaksiyonun, termodinamik
parametrelerini igeren serbest enerji diizey diyagrami
Sekil 8’de gosterilmistir.

ES*
‘ A
g AG* AGE—T
# | EFS
g
0
= AGg s
\ J Badl ..
ES aglanma Enerjisi
Zaman

Sekil 8. B-Galaktosidaz ile ONPG hidroliz reaksiyonunda serbest enerji diizeyi diyagrami (Duman, 2008)
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BULGULAR VE TARTISMA

saflastirma  yontemi olarak UFA’m
kullanilmasi yiiksek aktivite kazancinin yaninda hizl,
ucuz ve tek basamakta yapilabilir olmasi bu siirecin
potansiyelini endiistriyel olgekteki enzim saflagtirma
uygulamalart igin yiiksek tutmaktadir. Grubumuz
tarafindan UFA ydntemi ile B-galaktosidaz (Duman and
Kaya, 2013a) enziminin yani sira invertaz (Duman and
Kaya,2014) ve katalaz(Duman and Kaya,2013b) enzimi
de basarili bir sekilde saflastirilmistir. Literatiirede
B-galaktosidaz enziminin geleneksel kromatografi
yontemlerine gore saflastirilmasi ¢alismasi rapor
edilmistir (Kishore and Kayastha, 2012). Bu ¢alismada
hedef enzim 7 basamakli siirecte %12’lik verim ile
saflagtirilmistir. Saflastirilma siirecinde enzim asit ve
tuz muamelesi ile ¢Oktiiriilmiis ve ardindan 4 farkli
kromatografik adim ile saflastinnlmistir. Literatiirde
rapor edilen p-galaktosidazin UFA ile saflastiriimasi
caligmasinda ise (Duman and Kaya, 2013b)hedef
enzim tek basamakta %133 verim ile saflagtirilmig
ve saflastirilan enzimin detayli kinetik analizleri

Enzim

gerceklestirilmistir. Kinetik analizler sonucunda elde
edilen bulgular ile geleneksel yontemler ile saflagtirilan
enzimin (Duman and Kaya, 2013a)kinetik analiz
sonuglari Saflastirma
basamak sayisinin az olmast ve verimin anlaml

birbirine uyumlu ¢ikmistir.

derecede artmasi endiistriyel amach c¢aligmalarda
enzimlerin UFA ile saflastirmasini geleneksel yontemler
ile saflagtirmaya iistiin kilmaktadir.

Saflastirilmis fB-galaktosidazin termodinamik
parametrelerinin belirlenmesi

Kurutulmus nuhut graniillerinden B-galaktosidaz
saflagtirilmast  ve saflastirilan  enzimin
kinetik parametreleri daha Once rapor edilmistir

enziminin

UFA ile Saflastirilan B-Galaktosidazin Termodinamik Ozellikleri

(Duman and Kaya 2013b). Kurutulmus nohut
graniillerinden saflastirilan B-galaktosidaz ile ONPG
hidrolizi i¢in bulunan termodinamik parametreler
(AG*, AHY, AS*, AG_,AG} ), (2-5) numaral
esitliklerden yararlanilarak hesaplanmis ve Cizelge
1’de gosterilmistir. Hoyoux ve arkadaslar1 tarafindan
yapilan bir ¢calismada Pseudoalteromonas haloplanktis
ve Escherichia coli’den saflagtirilan B-galaktosidazin
ONPG substrati kullanarak yapilan termodinamik
parametreleri P. haloplanktis i¢in E_ 20.8 kJ mol™, AG*
58.7 kJ mol!, AH* 18.3 kJ mol!, AS* -0.14 kJ mol'.K"!
; E. coliigin E 26 kJ mol"', AG*60.5 kJ mol"', AH* 23.6
kJ mol!, AS* -0.13 kJ mol'K! olarak bulunmustur
(Hoyoux etal., 2001). Cizelge 1°de belirtilen sonuglarla,
her iki bakteriden elde edilen sonuglar kiyaslandiginda
sonuglarin benzerlik gosterdigi goriilmektedir. Pal ve
arkadaglar1 tarafindan yapilan bir bagka calismada,
bademden geleneksel yontemlerle saflagtirilan
B-galaktosidazin ONPG substrat1 kullanarak bulunan
termodinamik parametreleri; E, 42.86 kJ mol’, AG*
104.96 kJ mol'. AH* 121.93 kJ mol', AS* 0.05 kJ
mol ! K! olarak bulunmustur (Pal et al., 2013). Daha
yiiksek AG* degeri destabilize ES* kompleksinin ifade
etmektedir ki; destabilize ES* kompleksi durumunda
hidrolitik reaksiyonun aktivasyon enerjisi artmaktadir
(Duman, 2008). Ayni zamanda bu ¢alismada
hesaplanan daha diisik AH* degeri ONPG nin hidrolitik
katalizi i¢in gerekli olan enerjinin daha az oldugunu
gostermektedir. Bu durum hesaplanan AS* degeri
ile de desteklenmektedir. Yiiksek AS* degerlerinin
kataliz reaksiyonlar iizerindeki etkisi negatif yondedir
(Pal et al., 2013). Daha diigsiik AS* degerin nohut
graniillerinden saflagtirilan B-galaktosidaz enziminin
ONPG substratin1 katalizleme yeteneginin daha fazla
oldugunun termodinamik gostergesidir.

Cizelge 1. Nohuttan saflastirilan -galaktosidazla 37°C ve pH 2.8’de ONPG hidrolizi igin elde edilen termodinamik parametreler

Parametreler Sonu¢ Birim
AG* 62.21 kJ mol!
AH? 26.06 kJ mol!

AS* -0.12 kJ mol'K!
AG, 0.25 kJ mol!
AGY . -13.56 kJ mol!
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SONUC

Geleneksel kromatografik saflagtirma ydontemleri
ve UFA ile enzim saflastirma protokolleri incelendi.
B-galaktosidaz enziminin geleneksel kromatografik
yontemler ile saflagtirma iglemi cihaz ve maliyet
gerektiren pahalli bir yontem olmasma karsin
UFA ile saflastirma islemi ucuz, tek adimda ve
kolaylikla gergeklestirilen metottur. UFA ile enzim
saflagtirma islemi yiiksek verim ve aktivite kazanci ile
sonlanmaktadir. Bu durum bu ¢alismada termodinamik
olarak da gozlenmistir. Yontemin [-galaktosidazin
hidrolitik aktivitesini arttirdigi; katalizin termodinamik
parametreleri hesaplanarak goézlenmistir. Saflagtirma
stirecinin, 6zellikle yiiksek aktivite kazancinin yaninda
hizli, ucuz ve tek basamakta yapilabilir olmasi bu
siirecin potansiyelini endiistriyel olgekteki enzim
saflagtirma uygulamalari igin yliksek tutmaktadir.
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ABSTRACT: Physically, inelastic curve flow is qualified by the nonexistence of any strain energy taken from the
motion. We have found out the changing equations for an inelastic curve whose length is preserved over all time.
In this study, we give some characterizations for curves in terms of elasticity.

Keywords: Finsler manifold, flow of a curve, frenet equations

Finsler Manifoldunda Esnekligine Gore Egrilerin
Karakterizasyonlari

OZET: Fiziksel olarak, elastik olmayan bir egri akis1, hareket kaynakl bir enerji geriliminin bulunmamasi olarak
karakterize edilir. Biz bir elastik olmayan diizlem egrisinin, yani yay uzunlugu her zaman korunan bir egri i¢in
degisim denklemlerini ortaya ¢ikardik. Bu ¢alismada, elastiklik acisindan egrilerin bazi karakterizasyonlar1 verildi.

Anahtar Kelimeler: Bir egrinin akisi, finsler manifold, frenet denklemleri
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INTRODUCTION

If protected arc length of a curve the flow of this
curve is referred to as inelastic. Physically, inelastic of
the flow of curve brings out motions here no tension
energy is excited. In (Kwon and Park, 1999; Kwon et
al., 2005) consider inelastic curve flows and improvable
surface in R®. Moreover in (Latifi and Ravazi, 2008;
Giirbiiz, 2009; Ogrenmis et al., 2011; Yoon, 2011;
Oztekin and Bozok, 2013; Y1ldiz and Okuyucu, 2014)
inelastic flows of curves in different ambient space are
studied.

Finsler geometry is known as some generalizations
of Riemannian geometry. P. Finsler 1918 began to study
this issue. Firstly, he studied curves and surfaces in his
thesis. Finsler geometry as in differential geometry
plays an important role in other branches of science such
as physics, biology, computer science and engineering.
(Bejancu and Farran, 2000; Solange and Portugal,
2001; Brandt, 2005; Y1ilmaz and Bektas, 2011)

In this study, we examine inelastic flows of curves
defined on the 3-dimensional Finsler manifolds F~.
Conditions for a curve flow to be inelastic are phrased
as a PDE with the inclusion of curvature and torsion of
the curve.

MATERIAL AND METHOD

In this section of the paper there is written on
the basic concepts and descriptions of 3-dimensional
Finsler manifolds. Finsler manifold is a smooth
manifold M together with a function F defined on the
tangent bundle of M so that for all tangent vectors.

Let M be a m-dimensional differentiable
manifold and 7M the bundle of M. Indicate by II
the canonic projection of 7M on M. Let M' be
open submanifold of 7M which is non-emtpy such
that [7(M')=M and 6 (M)~ M’ is empty, where
q issection of 7'M where the section is zero.

Considering a differentiable function

F:M'—)(O,oo) and take F = F7.then

{(U’,d)’); xi,yi} in M’ satisfy the following
conditions,

(i) As F is positive homogeneus of degree

120

one according 0 ("), we have

Fox™ by k™ Y= kF (x5 9™ ) (D
for whatever (¥, )€ ®'(U") and any k > 0.
(i) Atpoint (x, )

1 &°F"
g,j(X,Y)=§ay,-ayj

X,Y),i,je{lm} (2

are the components of definite quadratic form on

R"™ where the component is positive. (Bejancu and
Farran, 2000).

F" =(Z\4, M',F) satisfying (i) and (i) is
called a Finsler manifold such that F is the finsler
function of Finsler manifold.

given as Finsler

Fm+1 — (M,M!,F) be

manifold and let f' = (C ,C",F )is a one-dimensional

submanifold of F""' where C is a differentiable
curve in M given by the equations in locally

x'=x' (s),i € {1,...,m + n}, s e (a,b), 3)
s parameter is handle the on C such that the

parameter is the arclength. (S,v) is indicated the
coordinates on C'. Later we write

yi(s,V)Z V:di, i€ {0"""”}' )

Besides {%,%} is a natural field of frames on C

where % is a unit Finsler vector field (Bejancu and
Farran, 2000).

Let F° = (M,M',F) be a 3D Finsler manifold

and C a differentiable curve in M given locally by
the parametric equations

x' = xi(s) ; (xl(s), xz(s), x3(s))¢ (0,0,0), %)
where s is the arclength parameter on C.

V" is the the Levi-Civita connection of F’ 3.

Then we have
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0
V., —=xKn,
a Ov
0
V*il’l = —K a— +1bh
as A%
. (6)
V.,b=1n.
where n and b are respectively the principal

normal and the binormal vector field on C. Here

£ n,b} be the Frenet frame of C in F°. K and

Oy °
T are respectively the curvature and the torsion of C
(Bejancu and Farran, 2000).

Throughout this paper, we assume that

M :[0,11x[0,1, 1> F isa family of smooth curves

in F°, where the arclength / is parameter of the first
curve.

The arclength of Af is given by

V.M

u

s(u) = _[ du. (7)
0

Putting v= ‘VPM

, the operator V', is defined
by -

v*" :lv*ia (8)

é \% Au
while sd=vdu is the arclength parameter. Any

flow of M family written as

Vv =V (V. MV, M)
=2 V.MV, (V. M))

= 2<V;M,v;(f§+gn+hb)>
ou ou A%

V;M:fi+gn+hb, 9)
a ov

where f, g, h are smooth functions on M.

Because exposure to the expansion or compression,
the arclength variation in Euclidean space is given by

v;s(u,z)=jv;v=o (10)
ot 0 ot

forall u €[0,/]

Evolution of a curve M (u,t) and its flow VEM
in 3-dimensional Finsler manifold F are said to be

inelastic if V‘V,:M‘ =0.

RESULTS AND DISCUSSION

Conditions for inelastic of the flow in

3-dimensional Finsler manifold F> are given by the
Theorem 3.1.

Theorem 3.1. Let V.M =fZ+gn+hb be

a differentiable flow of the curve M in F. Aflow

of M in F’ isinelasticifand only if V', f = gK
Os

Proof. According to definition of A/ , we have

= 2v(£, (V"if)i + fvkn+ (V' g)n—vgK i +vtb+ (V' h)b + hvtn)
ov  w 0ov ov

=2w(V', f —vgk).

In this way, we derive
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Vi=(V .M,V M), (11)
ou ou
where (, ) isinner productin F 3, V* and
£ commute since ¥ and ¢ are independent
coordinates. So we get
(12)
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Viv=V. f-vgk (13) Lemma3.l.Let V.M =/fZL+gn+hb bea

ot

Now assume that V', M s inelastic. From “Eq. gifferentiable flow of the curve A in F°. Then, the
13.” we have )

differentiations of {%,n,b} with respectto ¢ is

Vo s(u,t) = j(v;z)du
ot 0 ot

v, 2
a Ov

= (fx+V.g+htn+(gt+V.hb,

= | (V. f—vgK)du (14)
v([ *f g V’Zn:—(fK+V’},g+hr)ai+wb, (15)
s A%

or

SIS

=0

ot

0
Vi.b=—-(gt+V,h)——yn,
o & " 0v
for all u €[0,/]. This implies that V. /' =vq (kappa),

or ng = &% If we think the reverse of the above

calculation, the proof is completed. where P=(V 5’7’ b).

Now we take curve as arclength parametrized. The
coordinate # according to the curve arclength s. Proof. Using “Eq. 6.” and Theorem 3.1., we
Now we can give the following Lemma. calculate

v, L ov v =V, (f Lt gn+ hb)
ov ¥ a Oy

= (V’;f)a£+fl<n+ (V. g)n —gK§+ gth+ (V. h)b+ htn (16)
as % as % as
=(fx+Vi.g+ht)n+(gt+V5,h)b

Differentiating the Frenet frame with respectto ¢ gives
0 0 0
OZV*R <_an>:<V* _9n>+<_7vi?n>
a0 a0 ov @«

=5 >
=<ﬁ<+v;g+hr)+<§,vzn>,
as v o
0 0 0
0=V, (—,b)=(V, —,b)+{(—,V.b
5<8v ) =< a OV ) <8v u )
— (gv + Vo) + (v b,
as ov a
0=V, (mb) = (Vimb)+(n,V'b)

=y +(n,V,b).
(17)
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which completes the proof.
Thus, since (V.n,n)=(V,b,b)=0 ,we

obtain Theorem 3.2. Let V.M = fZ+gn+hb bea
0

V*in:—(fK+V*ig+h‘c)6—+1pb (18) smooth flow of the curve M in F°.Aflow of M in
! " v F? is inelastic if and only if the system of PDE holds:

and
. , .. 0

Vﬁb:—(g‘chVih)a——lpn, (19)
ot as Vv

Vik =V, (f)+V,V,g+V, (ht)+ gt +1V h
Vit=-k(gT+V.h)+V,y, (20)
KY=T(fK+V. g+ht)+V,(gT)+V. V. h

Proof. We know that V>V (%) = Vivf (%) This expression is used, we get

V’;V’;(ai) =V,[(fx +V.g+ht)n+(gt+V,h)b]
Vv Os as as

=[V,(fx)+V.V,g+V, (ht)|n+(fx+V.g +ht)(—k§+‘cb) (21)
as a o as as Vv

HV.(gv)+VL.ViLhlb+(gT+ V. h)(n),

while

V.V, (3) =V’ (kn)

=nV.K+KVi.n (22)

=nV K +x[-(fx+ V}g+hr)§+1pb].
ot s V
Thus we see that
Vik=V,(fx)+V,V,g+V, (ht)+gt’+TV , h (23)
and

KY=T(fK+V,g+ht)+V,(gt)+V.V.h (24)
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Since V.V.,b=V,V.b, wehave

as ot

ot

ViVih= V. [~(gT+ v;h)ﬁi—wn]
Os 3l 0Os s V

V.V.,b=V'(tn)

Os

ot 0s

R . 0 . . 0 (25)
= V.V, h+ V', (g0] — —(gT+ V', hkn— (V' p)n—p (—k — +1b)
a o as ov as as ov
while
. . 0
=(V.t)n +r[—(fK+Vig+hr)a—+wb] (26)
ot 0Os A%
Thus we get
Vit= —K(g‘l:+V*gh)+Vti1p, 27

V|

which completes the proof.

CONCLUSION

Inelastic time evolutions of curves and surfaces
have an important role in computer vision, robotics
and physical science. The aim of this study is to derive
and study the inelastic flows of curves some spaces.
We propose to study various situation for an inelastic
flow of curve are given as a PDE inclusion of curvature
and torsion of the curve. In this manuscript, we define
inelastic flow of curves in a Finsler Manifold, this study
can be shed light on these areas.
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Erzurum Ili ispir Ilcesinde Ekoturizme Yonelik Bir Talep Arastirmasi
ve Bolge Halkinin Bu Konudaki Duyarhhg:

Elif AKPINAR KULEKCT!

OZET: Turizme alternatif olarak gelisen ve yayla turizmi, doga yiiriiyiisii, foto safari, kamp karavan turizmi, tarim
turizmi, festival turizmi, tarihsel alan turizmi, olta balik¢1lig1, magara turizmi gibi bagliklar altinda ¢esitlenen doga
temelli bir turizm ¢esidi olan ekoturizm, turizmin yiikselen bir degeridir. Calisma alani olarak se¢ilen ve Coruh
Havzasi igerisinde yer alan Ispir dag, orman, yayla, mezra gol gibi dogal varliklari, ilging jeolojik olusumlari ve
kanyonlar ile ilgi cekmektedir. Ayrica flora ve fauna zenginligi; 6zellikle binlerce endemik bitki ve hayvan tiirleri,
orman alt1 bitkisi, 600 ile 3900 m arasinda degisen ekstrem yiikseklik farkliliklari, derin vadi sistemleri, kayalik
yamagclari, tabiat parklari, yaban hayati koruma alanlari yorenin 6nemli turizm ¢ekicilikleridir. Bu kapsamda
calismanin ana materyalini ilgedeki yerel halkla yapilan anket galismasi olusturmaktadir. Ankete katilanlara,
demografik 6zellikleri, yoredeki potansiyel ekoturizmin gelisimine kars1 tutumlari, yoredeki turizmin ¢esitlerinin
yapilabilirligi, ekoturizme yonelik ne tiir aktivitelerin gerceklestirilebilecegi, halkin bakis agisi, katki diizeyi ve
bu katkiy1 ne siklikla, ne sekilde ve hangi amaglarla yapabilecegi gibi sorular yoneltilmistir. Yapilan bu ¢alisma
ile Ispir yoresinin mevcut ekoturizm potansiyelini belirlemek, ve yoredeki kirsal turizmin gelisimine katkida
bulunmak amaglanmaktadir.

Anahtar Kelimeler: Duyarlilik, ekoturizm, Erzurum, Ispir

A Demand Research of Eco-Tourism and Susceptibility of Locals:
Case Study of Erzurum Province, Ispir District

ABSTRACT: Eco-tourism is nature based, raising type of tourism which varies as upland tourism, nature trekking,
photo-safari, camping and caravan tourism, festival tourism, history tourism, line fishing and cave tourism as an
alternative of tourism. Ispir is the selected region as the work field and it is located in Coruh catchment basin
of which atracts with mountains, forests, uplands,arable fields ,lakes, unique jeologic creations and canyons.
Moreover, rich fauna and flora, in particularly, thousands of endemic plants and animal species, forest plants,
extreme altitude difference between 600-3900 m, deep walleys, rock slopes, natural parks and protected wild areas
are important touristic attractions of the region. Questionnaries are the main material of the scope and they will be
conducted throughout the locals of the region.Respondents will meet the questions about the potential of the eco-
tourism,attitude to development of eco tourism in the region, feasibility of eco tourism, possible activities in eco
tourism and their contributions. Determination of current eco tourism potential and contribution to the development
of rural tourism in Ispir region were aimed in this study.

Keywords: Sensitivity, ecotourism, Erzurum, Ispir
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GIRIS

Turizm olgusu, bugiin diinyada genellikle
genis kitlelerin katilimi ile ekonomik, sosyal ve
siyasi ac¢idan biiyiik 6nem tasiyan bir sektdr haline
gelmistir. Gerek kiiresel ekonomi agisindan sundugu
firsatlar, gerekse toplumlar iizerindeki sosyo kiiltiirel
etkileri nedeniyle turizm, 6nemli arastirmalara konu
olmaktadir.

Turizm, dinlenme, bos zaman geg¢irme ve seyahat
WTO (Diinya
Turizm Orgiitii) “turizmi” insanlarin yasadiklari
¢evrenin digindaki bir yerde yirmi dort saatten az
veya bir yildan fazla kalmamak sartiyla eglence,

kavramlariyla tanimlanmaktadir.

is, saglik, bos zaman ve spor gibi ¢esitli amaclarla
gergeklestirdigi faaliyetler” olarak tanimlamaktadir
(Anonim 2011a).

1980 yilinda AIEST (Uluslararas1 Bilimsel
Turizm Uzmanlar1 Birligi) tarafindan ise turizm:
“insanlarin devamli ikamet ettikleri, caligtiklar1 veya
rutin ihtiyaglarini karsiladiklar: yerlerin disinda
seyahatleri ve buralardaki turizm isletmelerinin
iirettigi mal ve hizmetleri talep ederek gegici siireli
konaklamalardan dogan olaylar ve iliskiler biitiinii”
olarak tanimlanmistir (Serefoglu, 2009).

1963 tarihli Birlesmis Milletlerin turizm tanimi
ise su sekildedir (Tolungii¢, 1999): 24 saatten az
olmamak, siirekli kalisga donlismemek ve gelir
saglayici herhangi bir ugrasida bulunmamak kosulu
ile, bireyin yolculuk ve/veya konaklamalarindan
dogan olay ve iliskilerin tiimiidiir.

Turizmle ilgili olarak yapilan tanimlardan
goriildigii iizere, turizmde en Onemli noktalardan
birisi, turizmin g¢esitli insan ihtiyaglarin1 karsilama
fonksiyonudur. Turizme konu olan insan ihtiyaglari
arasinda eglenme, dinlenme ve sosyallesme gibi
benzer ilgi alanlarina sahip insanlarla bir araya
gelme, farklilasma, kentsel hayatin bunaltici
ortamindan uzaklagma gibi ihtiyaglar siralanabilir
(Aktas, 2002). Bu ihtiyaglarin kargilanmasinda, kitle
turizmi ve alternatif turizm kapsaminda sunulan

olanaklarin énemi oldukga fazladir.

Son yillarda turistlerin beklentileri ve turizm
hareketleri,
oldugu alisilmis

deniz-giines-kum iiggeninin egemen
turizm merkezlerinden uzak,

126

dogal alanlara yonelmekte ve ekoturizm hizla
yayginlagsmaktadir. Nitekim arastirmalar, insanlari
seyahat ve ziyaret amaciyla motive eden en dnemli
faktorlerin orman, manzaranin kalitesi, konaklama
ve gida fiyatlar1 oldugunu gostermektedir (Kubas ve
ark., 2006). Diinyanin her yerinde yeni turistler dogal
ortamlarda yaban hayatiile i¢ ice olmak istemektedir.
Giliniimlizde  turistlerin  giderek  belirginlesen
istekleri “doga ile i¢ ice abartili olmayan tesislerde
iyi bir oda, iyi hizmet ve biitiin bunlarin basinda
bozulmamis ve temiz bir ¢evrede aktif bir tatil”
olarak 6zetlenmektedir (Akpinar, 2002). Ekoturizm,
dogay1 ve kiiltiirel kaynaklar1 anlayarak korumayi
destekleyen, diisiik ziyaret¢i etkisi olan ve yerel
halka sosyo-ekonomik fayda saglayan, bozulmamis
dogal alanlara ¢evresel agidan sorumlu seyahat ve
(Kurdoglu,
2001). Ekoturizm dogal ekosistemleri korumakta,

ziyaret olarak tanimlanabilmektedir
yerel topluluklara ekonomik yarar saglamakta, yerel
halka doga temelli tecriibe kazandirmakta ve yerel
kiltiirlerin tanitimini saglamaktadir.

Ekoturizm turizmi yil i¢ine yaymak, dogal
tahribati
diizeltmeye degil, onlemeye yonelik planlamayi

cevreye yapilan baskiyr azaltmak,
ve uzun vadeli ekonomik ¢ikar1 gdzetmektedir
(Oztunal1 ve Kayir, 1998). Giiniimiizde ekoturizm,
yayla turizmi, kus gézlemleme, foto safari, akarsu
(bitki

inceleme), kiiltiirel turizm, bisiklet turlar1, atli doga

sporlar1, ¢iftlik turizmi, botanik turizmi
ylrlyiisii, kamp karavan turizmi, magara turizmi,
dag turizmi ve doga yiiriiyiisii, sportif olta balik¢ilig1
gibi bagliklar altinda toplanmaktadir.

Ekoturizm kii¢iik gruplar halinde seyahat eden,
dogaya kars1 duyarl turistlerin, ailelerinin islettigi
kiiciik tesislerde konaklamasiyla geleneksel mimari
ve yerel kaynaklarin kullanimini hedef almaktadir.
Cevre koruyucu alternatif bir yaklasim olarak
ekoturizm, turizm gelirlerinin ve pazarinin 6zellikle
daglik ormanlik bolge ve vadilerdeki koylere
yayilmasinda 6nemli rol oynamaktadir. Ekoturizm
kirsal bolgelerde tabana

gelirin yayilmasini

artirmakta ve bu bolgelere ekonomik katki
saglamaktadir (Tokalau, 2005). Doga temelli turizm

olan ekoturizm, kitle turizminin aksine bireysel,
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kiiciik gruplar, cografi olarak dagimik servis ve
hizmetlerle bolgesel gelismeye hizmet etmektedir.
Asirt  igsizlik  bulunan kirsal bdlgelere ilave
istihdam saglamakta ve sonucta bdlgesel niifusun
korunmasinda 6nemli rol oynamaktadir (Rinne and

Saastamoinen, 2005).

Ekoturizm, amacina uygun gerceklestirildiginde
hassas ekosistemlerin korunmasi ve bir bodlgenin
birlikte
gelisimini saglamaktadir. Cevreyi koruyan, yerel

cevresiyle niifusunun  sosyo-ekonomik
halkin refahin1 gbézeten ve dogal alanlara karsi
duyarli “ekoturizm” turizmin diger tiirlerinden
daha hizli biiyiimekte ve katilanlarin harcamalarini
yerel ekonomilere kazandirdigi bilinmektedir.
Onemli ekoturizm potansiyeli olan daglik ormanlik
bolgelerde ve vadilerdeki kdylerde yasayan halkin
yoksullugu g6z oOniine alindiginda ekoturizmin
sosyal siniflar arasindaki dengesizligi azaltabilecegi

vurgulanmistir (Altiparmak, 2002).

Bu calisma, Ispir ilgcesi ve yakin cevresinin
mevcut potansiyeli ve yerel halkin beklenti ve
egilimleri gergevesinde, ekoturizmin olabilirligini
ortaya koymak amaciyla yapilmistir. Bolgenin
kalkinmast ve yerel halkin gelenkesel roliiniin
degismeden, iiretime yonelik cabalari ile ekonomik
ve sosyal yonden geligsmesi agisindan olduk¢a 6nemli
olan bu arastirmanin, yore turizminin planlanmasi
ve yoOnetiminde de Onemli bir katki saglayacagi

diistiniilmektedir.

MATERYAL VE YONTEM
Materyal

Aragtirmanin ana materyalini arastirma alani
olan Ispir Ilgesi, yakin gevresi ve ydrede yasayan
yerel halk olusturmaktadir. Ayrica alana iliskin
fotograflar, konu ile ilgili literatiirler ve yerel halkla
yapilan anket formlar1 da arastirmada kullanilan
diger materyallerdir.

Yontem
Yapilan anket calismasi i¢in Ornekleme
bliyiikligiiniin ~ saptanmasinda, Dbasit tesadiifi

ornekleme yontemi kullanilmistir (Islamoglu 2003,
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Ozdamar 2003, Biiyiikoztirk 2008, Yazicioglu
2004,).
kullanilan formiil agsagidaki gibidir:

n=7> NPQ/ND?+ Z?PQ

Ornekleme biiyiikliigiiniin saptanmasinda

n = Ornek Biiyiikliigii
Z = Giiven katsayis1 (1,96)

P = Olgiilmek istenen 6zelligin kitle bulma
ithtimali (% 95 = 0,95)

Q=1-P(0,05)
D= Kabul edilen 6érnekleme hatas1 (% 5= 0,05)

N = Ana kiitle biiyiikliigii (Ispir niifusu:
15.603)

denek
%95 giiven

Yapilan anket ¢alismasinda,

dikkate alinarak,
araliginda Ispir ilgesi icin 73 kisi olarak belirlenmis
olup 6rnek sayisi arttik¢a popiilasyona daha yakin
degerler elde edilebilecegi bilindigi icin 100 kisiyle

sayisi,
arastirma alani

anket yapilmistir. Anketin degerlendirilmesinde,
puanlamali
degerleri alinarak, en fazlatercih edilen degiskenlerin

sorularda tartili aritmetik ortalama
ortalama degerleri belirlenmistir. X, degerinin bir
tartim faktoriine (W,) bagh olarak elde edilmesi
seklinde tanimlanan tartili aritmetik ortalamalarin
alinmasinda asagidaki formiilden yararlanilmigtir
(Yildiz ve ark., 2006).

X, =X WX /YW

BULGULAR VE TARTISMA

Ispir ve Yakin Cevresinin Sosyoekonomik,
Dogal Ve Kiiltiirel Ozellikleri

Calisma alanmi olarak segilen ispir ilgesi ve
acisindan
sunmaktadir. Coruh havzasi, dag, orman, yayla,

gevresi ekoturizm onemli firsatlar
mezra, gol ve akarsu gibi dogal varliklari, flora,

fauna ve kanyonlar1 bakimindan oOnemli bir
zenginlige sahiptir ve bu zenginlik ekoturizm ig¢in

oldukga ilgi ¢ekicidir.

Kuzeydogu Anadolu ve Dogu Karadeniz
bolgelerininkesistigialandabulunan Coruh vadisinin
dogal yapist itibariyle turizm agisindan giicli bir
potansiyel oldugu bilinmektedir. Insan faaliyeti gok
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yogun olmadigi i¢in dogal zenginliklerini biiylik
Olciide koruyabilmis Coruh Vadisi, ¢cok derin ve
sarp yapist ile gozlemcilerine essiz manzaralar
sunmaktadir. Vadide Karadeniz, Akdeniz ve I¢ ve
Dogu Anadolu Boélgelerine ait iklim 6zellikleri bir
arada goriilebilmektedir. Rakimca algak kesimlerde
yaprak doken ormanlar ve kalinti maki topluluklari
bulunurken, yamaclarda dag bozkirlar1 ve ibreli
ormanlar varlik gdstermektedir. Ormanlar, diizenli
iklimi ve essiz su kaynaklari, bitki ve hayvanlar
igin dogal yasam alanmi olmalari, benzersiz dogal
ve yerel 6zellikleri ve cazibeleriyle ekoturizm igin
biiylik 6nem tasimaktadir (Ok, 2006; Giines ve
Hens, 2007).

Bolgenin zengin florast icinde Ozellikle
yabancilarin ilgisini ¢ekecek bol miktarda bitki
bulunmaktadir. Bunlar arasinda odunsu bitkilerden
basta Pinus sylvestris (sar1 gam) orman formasyonu
olmak {izere, Robinia pseudoacacia (akasya),
Acer sp. (Akcaagacg), Berberis sp. (kadin tuzlugu),
Carpinus sp. (taflan),
Hippophae sp. (yabani igde), Juniperus sp. (ardig)

sayilabilir. Ayrica, Alisma plantago aquatica, Carum

sp.(glirgen), Eunoymous

carvi, nastirtium officinale, Campanula Muscari gibi
sulak alan bitkileri yer almaktadir (Turgut, 2009).
Bu Bolgede soganli, yumrulu, rizomlu bitkiler, tibbi
ve aromatik bitkiler ve giil tiirleri de yer almaktadir.

Diinyada en c¢ok ilgi goren, Cyclamen, Iris,
Gladiolus,
Lilium, Primula ve Rosa tiirleri yaygindir (Ozhatay
ve ark, 2003; Cakmak¢i ve ark., 2008). Bolgede
yapilan floristik ¢alisma sonucu 59 familyaya ait

Galanthus,Helichrysum, Gentiana,

185 cins, 241 tiir ve 27 alttlir ve 1 varyete tespit
edilmistir. Bu tiirlerden 35 adeti ise endemiktir
(Giiner, 2004).

Bolge yaban hayati bakimindan da oldukga
zengin bir potansiyele sahiptir. Bélgede Rupicapra
rupicapra (dag kegisi), Capra egagrus (yaban
kecisi) korunan tiirlerdir.

Vadi ve yakin cevresindeki habitatlar, bir
kismi yalnizca Dogu Karadeniz Bolgesine 6zgii
olan bir ¢ok kus tiirlinii barindirir. Kafkas Civgini
(Phylloscopus sindiatus), Dag Horozu (Tetrao
mlokesewiczi) ve Urkeklik (tetraogallus caspius)
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bahsi gecen onemli kus tiirleri arasinda siralanir.
IUCN (Uluslararast Doga Koruma Birligi)’ nin
koruma statiisiine gore “EW” (dogada tiikenmis)
kategorisinde yer almaktadir.

Ayni zamanda alan kus goc¢ yollar1 agisindan
da biliylik 6nem tasir. Bulundugu bolgeye oranla
daha diisiik bir rakima sahip olan Coruh Vadisi,
Kafkasya Bolgesi ile Anadolu arasinda siiziilerek
g0¢ eden yirtict kuslar ile diger gogmen kuslar
i¢in bir otoyol vazifesi gormektedir (Bekir ve ark.,
2005).

Yaz aylarinda vadi tabanina kiyasla, oldukg¢a
serin olan Kackarlar ve yaylalari, bitki ortiisii, yaban
hayat1, gol, selale, kanyon gibi dogal cekiciliklerle
peyzaj
yasam ortamiyla,

istiin ozelliklerine sahip, geleneksel

kamp seklinde konaklamaya
ve ekoturizme uygun Ozellikler gdstermektedir.
Bolgenin Aksu Vadisi ve Aksu Cayinin kaynaklari
Kagkar Daglarinda irili ufakli toplam 38 buzul
gboliinden olusmaktadir. Aksu Vadisinde bulunan
Yedigdl Koyili, Dikenli Yaylasi- Adalar hatti;
Ciftegoller, Mal Golii, Deligél ve
Vergelik etekleri ekoturizm bakimindan O6nemli
alanlardir (Cakmake1 ve ark., 2008).

Yedigoller,

Vadinin  her iki dogu-bati
dogrultusunda uzanan siradaglar lizerindeki yiiksek
diizliikler, yaylalar ve zirve arasindaki buzul gélleri,
g0l cevresindeki diizliikkler ve gerisindeki cayir ve
orman dokusu, dogal giizellikleri, kirsal yasam,

yakasinda,

tirmanis ve alpin flora sahasi ve akarsu turizmine
uygun alanlart ekoturizm i¢in 6nemlidir.

Kacgkar Daglarindan, Coruh’a dogru akan yan
derelerin olusturdugu vadilerde asagidan yukariya
dogru, farkli rakimlarda olmak {izere 1700-2800 m
rakimlarda yaylalar bulunmaktadir. Bu bakimdan
Aksu, Gociktur, Sirakonaklar, Hunut derelerinde
ayni vadide farkli rakimlarda yaylalar bulunurken,

Coruh’un giineyinde Devedagi Bolgesindeki
yaylalar 1700-2300 m rakimlarda siralanmis
bulunmaktadir.

Ispir ilgesi gerek giizellikleri, gerekse tarihi
eserleriyle turizme ¢ok elveriglidir. Bolgede pek cok,
kale, kilise, cami, mescit, medrese gibi kalintilar
yer almaktadir. Bu kalintilarin basinda, Ispir
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Kalesi, Fisirik Kalesi, Karahan Kalesi, Semehrek
Kalesi, Sanduk Kalesi, Mohurgot Kalesi (karakale),
Sirakonaklar (Hodicor) Kilise Camii, Bahgeli Kdyii
Dogusunda Kilise kalintisi, Yedigdze Sapeli, Ispir
Kale Mescidi, Carst (Tugrul Sah) Camii, Kadioglu
Medresesi, Omer Pasa Tiirbesi, Ko¢ Kdyii Tarihi Tas
Kemer Kopriisii, Akkaoyuinlu Harabeleri yer alir
(Anonim, 2011b)

Bolgede ayrica Yedigoller, Elmali Magarasi,
diinyanin en hizli akan nehirlerinden birisi olan
Coruh  Nehrinin
ozellikle yaz turizmi i¢in 6nemlidir. Balon ve yamag

rafting sporuna elverisliligi,
paragiit¢iiliigii icin gerekli engebeli yiiksek daglar,

tepeler bulunmaktadir (Anonim, 2011c).

Arastirma Alanindaki Katilimcilarin
Ekoturizme Bakis A¢ilarinin Belirlenmesi

Katilimcilarin demografik 6zelliklerine iliskin

bilgiler Cizelge 1’de verilmistir. Katilimcilarin
demografik  ozellikleri  incelendiginde,  ankete
katilanlarin ~ %47’si  bayan ve %53’ erkektir.

Katilimcilarin egitim diizeyleri dikkate alindiginda,
%10’unun okuryazar olmadigi, %24’tniin lise,
%3’linlin ise Universite seviyesinde egitim diizeyine
sahip oldugu belirlenmistir. Ge¢im kaynaklarina gore
yapilan degerlendirmede bolgede en Onemli gegim
kaynagmin %29’luk bir oranla hayvancilik oldugu
goriilmektedir. Gelir durumlarina gore dagilimlarinda
ise, katilimcilarin % 23’4 500 TL ve alti, %10°u
1001-1500 TI aras1, %13’ ise 1501 TL ve isti gelir
seviyesine sahip olacak sekilde siralanmiglardir.

Cizelge 1. Katilimcilarin bireysel 6zellikleri

Demografik Ozellikler Degiskenler N (frekans) Yiizde (%)
Cinsiyetiniz Bayan 46 47
Erkek 54 53
20 ve alt1 8 7
. 21-40 40 40
Yas Dagilimi
41-50 30 30
51 yas ve iizeri 22 23
Okur yazar degil 10 10
Ilkokul 50 50
Egitim Diizeylerine Gore Ortaokul 12 13
Daglhm Lise 24 24
Universite 4 3
Hayvancilik 30 29
Tarimsal faaliyetler 24 24
*Gecgim Kaynagina Gore Ormancilik 26 26
Dagilim Dagilimi Ticaret 12 12
Diger 8 9
500 TL ve alt1 22 23
501-1000 TL 54 54
Aylik Gelir Dagilimi 1001-1500 TL 10 10
1501 TL ve tizeri 14 13
Toplam 100 100

*Katilimeilar ilgiliyi soruyu cevaplarken birden fazla segenek isaretlemislerdir.

Katilimcilara “turizm hakkinda bilginiz var m1”
seklinde yoneltilen soruya %37°si var, %3’ii yok, %601
ise kismen var seklinde cevaplar vermislerdir.
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Katilimcilara yoneltilen diger bir soru, ilgelerinde
hangi tiir turizm aktivitelerini gerceklestirebilecekleri
olmustur. Bu amagla koyde gergeklestirilebilecek
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aktivitelerin bes tanesini Onem sirasina  gore

siralamalar1 istenmigtir. Katilimcilarin tercih durumlari
Cizelge 2’deki gibidir. Cizelge incelendiginde en
yiiksek ortalama puanin doga fotografciliginda oldugu

goriilmektedir. Bunu sirasiyla, akarsu turizmi, rafting,
bitki ve yaban hayati gdzlemleme, magara ve yayla
turizmi takip etmektedir. Son sirada ise sirastyla, kamp
karavan turizmi ve ath doga yiiriiyiisli yer almaktadir.

Cizelge 2. Katilimcilara gore bolgede gergeklestirilecek turizm aktivitelerinin dagilimi

Tercih Sirasi

Degiskenler Ortalama Puan  Onem Sirasi
1. 2. 3. 4. 5.
Doga fotograf¢ilig: (fotosafari) 8 4 3 3 3 3.52 1
Rafting (akarsu turizmi) 6 5 2 2 4 3.05 2
Bitki ve yaban hayati gézlemleme 4 4 4 5 4 2.95 3
Magara turizmi 4 4 2 4 2 2.48 4
Yayla turizmi - 4 4 2 4 1.71 5
Tarihsel alan turizmi 4 1 1 - - 1.29 6
Doga yiirilyiisii 2 1 2 1 1 1.10 7
Festival turizmi - 2 3 2 2 1.10 7
Olta balik¢ilig - 1 2 4 3 1.00 8
Av turizmi 1 1 - 4 3 0.95 9
Tarim (giftlik) turizmi - 2 2 - 2 0.76 10
Jeolojik olugumlar1 gozlemleme - 1 2 - 2 0.57 11
Kamp- karavan turizmi - - 2 1 1 0.43 12
Atl doga yiiriiyiisi - - 1 1 - 0.24 13
Katilimcilara yoneltilen baska bir soru ise  Cizelge 3’te verilmistir. Buna gore yerel halk i¢in

“IIgenizde turizmin gelisimine katkida bulunmak ister
misiniz?” seklinde olmustur. Bu soruya katilimcilarin
%93’1 katkida bulunmak istedigini ve %7’si kararsiz
oldugunu  belirtmiglerdir. Katkida
istemedigini belirten ise olmamustir. Katkida bulunmak
isteyenlere ‘“Ne tiir katkilarda bulunmak istesiniz?”

bulunmak

2.00 ortalama puanla ydresel iiriinler yapip satma ilk
sirada yer almaktadir. Bunu sirasiyla yemek ¢esitleri ve
tarimsal iirlinleri tanitma (1.87), Pansiyonculuk (1.26)
takip etmektedir.

En son sirada ise kiiltiirel ve tarihi zenginliklerin
tanitilmasina rehberlik etme (0.87) yer almaktadir.

seklinde bir soru yoneltilmistir. Bu soruda siklardan  Katilimeilarin - %17°si  ise her isi yapabilecegini
liglinli siralamalar istenmistir. Soruya verilen cevaplar  belirtmislerdir.
Cizelge 3. Katilimcilarin ilgelerinde turizmin gelisimi i¢in yapabilecekleri katkilar
.. Tercih Sirasi Ortalama  Onem
Deglgken]er Puan Sirasi
1. 2. 3.
Yoresel iiriinler yapip satma 8 7 8 2.00
Yemek cesitleri ve tarimsal iirlinleri tanitma 7 8 6 1.87
Pansiyonculuk 5 5 4 1.26 3
Kiiltiirel ve tarihi zenginliklerin tanitilmasinda rehberlik 3 3 5 0.87 4
etme
He isi yapma %17 (5 kisi)
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Katilmecilara yorelerinin  turizm  6zelliklerini
yeterince bilip bilmedikleri seklinde yoneltilen soruya,
%357’si evet biliyorum, %13’0 hayir bilmiyorum
ve %30’u ise kismen biliyorum seklinde cevaplar
vermislerdir.

Katilimcilara yoneltilen bir diger soru ilgelerinde
turizmin gelisiminden beklentilerinin ne oldugu
yoniinde olmustur. Verilen cevaplar dnem sirasina

Cizelge 4. Katilimcilarin turizmin gelisiminden beklentileri

gore siralandiginda ilk sirada 2.29 puanla yeni is
sahalarinin agilmasi en 6nemli beklenti olmustur.
Katilimeilarin diger beklentisi ek gelir (1.79) elde
etmektir. En son sirada ise 0.71’lik ortalama ilge
ve yakin cevresinin gilizellesmesi yer almaktadir.
Katilimeilarin =~ %3’0  ise ilgelerinde turizmin
gelisiminden herhangi bir beklentileri olmadigin
belirtmiglerdir (Cizelge 4).

Tercih Sirasi

Degiskenler ’ 5 3 Ortalama Puan Onem Sirast
Yeni is sahalarini agilmasi 16 4 8 2.29 1
Ek gelir elde etmek 7 13 3 1.79 2
Ilgenin ekoturizm yoniinden gelismesi 4 8 9 1.32 3
flge ve yakin cevresinin giizellesmesi 1 4 9 0.71 4

Beklentim yok

%3 (1 kisi)

Katilmcilara yabanci dil diizeyleri sorulmustur,
elde edilen sonuglara gore %77’si bilmiyorum, %10’u
kargimdakini %131
derdimi anlatacak kadar biliyorum seklinde cevaplar
vermislerdir

anlayacak kadar biliyorum,

Koytiniizde gerceklestirilecek turizm galigmalarinin
basarist i¢in hangi kosullar sizce daha oOnemlidir?

Seklinde yoneltilen soruda 2.42°lik ortalama puanla ¢ok
iyi bir tanitim ilk sirada yer almaktadir. Bunu sirasiyla,
gergeklestirilecek turizm aktiviteleri i¢in egitim destegi
(1.46), yore halkinin turizmin hizmet sektoriinde yer
almas1 (1.38) ve gerceklestirilecek farkli turizm tiirleri
icin maddi destek (1.17) takip etmektedir. Son sirada
ise, birden fazla turizm tiirlerini kapsayan iyi bir
planlama (1.00) yer almaktadir (Cizelge 5).

Cizelge 5. Gergeklestirilecek ekoturizm ¢aligmalarinin basarisi igin gerekli olan kosullar

Tercih Sirasi

Degiskenler Ortalama  Onem
1 2. 3. Puan Sirasi

Cok iyi bir tanitim 15 4 5 2.42 1

Gegeklestirilecek turizm aktiviteleri igin egitim destegi 7 4 6 1.46 2

Y 6re halkinin turizmin hizmet sektoriinde yer almasi 2 12 3 1.38 3

Gergeklestirilecek farkli ekoturizm tiirleri i¢in maddi destek 3 5 9 1.17 4

Birden fazla turizm tiirlerini kapsayan iyi bir planlama 2 5 8 1.00 5
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Katilimcilara son olarak, ilgelerinde turizmin
gelisimini olumsuz etkileyen en onemli faktoriin ne
oldugu sorulmustur. Katihmcilarin %43’i  egitim
imkanlarimin %40’1  konaklama
imkanlarmin yetersizligini, %10’u arazi ve iklim
sartlarinin ~ elverigsiz ~ oldugunu, %7’si maddi
imkansizliklar1 turizmin gelisini etkileyen en onemli
faktor olarak tercih etmislerdir.

yetersizligini,

SONUC

Cevreyi koruyan ve halkin refahin1 gézeten, dogal
alanlara duyarli bir turizm tiirii olan ekoturizm, kirsal
alanlarda siirdiiriilebilir bir kalkinma araci olarak biiyiik
Oonem tagimaktadir. Yapilan ekoturizm ¢aligmalarinin en
onemli hedefleri, turizm endiistrisinin negatif etkisini
en aza indirgemek ve yerel halkin refahin1 gozeterek,
cevresel tahribatlarin 6niine gegmek olmalidir.

Yapilan  ¢alismada  katilimcilarin ~ %3’°lik
bolimiiniin turizm hakkinda bilgisinin olmadig1 ve
%60’tintinde kismen bilgisinin oldugu goriilmiistiir. Bu
sonuglar dikkate alindiginda halkin turizm hakkinda
bilin¢lendirilmesi ve bu konuda egitim desteginin

gerekliligi ortaya ¢ikmistir

Katilimcilara  bolgede  gergeklestirilebilecek
ekoturizm ¢esitleri (fotosafari, doga yiiriyiisi,
rafting, magara, yayla turizmi gibi) hakkinda genel
bilgiler verilmistir. Anlatilan bu bilgiler 1s181nda yerel
halkin biiyiikk ¢ogunlugunun bolgelerinde olabilecek
turizm cesitleri arasinda tercih yapabilecek kadar
farkindaliklarinin s6z konusu oldugu goriilmiistiir.

Ankete katilan kisiler ilgelerinde ekoturizme
yonelik her tiirlii aktiviteye biiyiikk oranda
bakmuslar, ve kdylerinde yapilacak turizm aktivitelerine
yonelik c¢aligmalarda katkida bulunmak istediklerini
(%93) Dbelirtmiglerdir. Yerel halkin bu konuda
hevesli olmasi, bolgede gergeklestirilebilecek turizm
faaliyetlerinin basarisi i¢in oldukg¢a énemlidir.

olumlu

Yerel halkin ekoturizmden 6nemli beklentileri s6z
konusudur. Gelir seviyesi diisiikk olan halkin turizmden
en Onemli beklentisi yeni ig sahalarini agilmasi ve ek
gelir elde etmek olmustur. Ilgelerinin turizm ydniinden
gelismesi ve giizellesmesi de bir diger beklentileri
olmustur.

Calismada ayrica, yerel halkin 6zellikle en ¢ok
bildikleri islerde daha fazla hevesli olduklar1 (ydresel
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el sanatlari, yemek c¢esitleri gibi) ve genel anlamda
turizme yonelik pek c¢ok alanda 6zveriyle calisma
tutumu sergileyecekleri gorilmiistiir.

Katilimcilar gergeklestirilecek ekoturizm
aktivitelerinin basarisi i¢in tanitim (2.42) ve egitimi
(1.46) en 6nemli etken olarak se¢miglerdir. Bu kosullarin
da bolgeye kirsal kalkinma desteginin saglanmasiyla
miimkiin olacagi diigiiniilmektedir.

Calisma alan1 olan Ispir ilcesi ve yakin ¢evresinde
ekoturizmin gelismesi ve bolgenin kalkinmasi igin
yapilabilecek c¢alismalarda asagida belirlenen temel
Ogelere dikkat edilmesi dnerilmektedir.

» Yedigoller Koyii, Catakkaya Koyii, yayla ve
golleri, Hanzar ve Yildiztepe bdlgesi, Hunut Dag1 ve
golleri, Devedagi, Biiyiikdere ve Kirklar Dagi gibi
bolgelerde, milli park, tabiat parklari, yaban hayati
koruma alanlari, gen koruma ormanlari ve alanlari
belirlenebilir.

> Ispirilcesi ve yakin ¢evresinin dogal ve kiiltiirel
kaynak degerleri koruma altina alinmalidir.

» Coruh nehri, aksu deresi, Biiyiikdere, diinya
standartlarinda igcme kalitesinde olan sulara sahiptir.
Buralarda kurulacak HES (Hidro Elektrik Santralleri),
lerin kurulmas1 kararinda, olumlu veya olumsuz
cevresel etkilerin titizlikle belirlenmesi gerekmektedir.

» Bolgedeki, endemik tiirler korunma altina
alimmalidir.

» 5000 kisiyi barindirabilecek, uzunlugu tam
olarak tespit edilmemis Elmali Cam Magaras1 sarkit,
dikit ve subirikintileri ile goriilmeye degerdir. Buamagla
magara yolu ve magara igerisinde ziyaretgilerin giivenle
dolasabilecegi gezi amagli yollar diizenlenmelidir

» Bolgede konaklama ve dinlenme tesisleri
olusturulmalidir.

> Bolgede yayla turizmine uygun alanlar tespit
edilip, bu alanlarda turizm ¢aligmalar yiiriitilmelidir.

» Bolgedeki biyolojik ¢esitliligi ve endemik bitki
potansiyelinin korunmasi amaciyla “Bitki Miizesi”
kurulabilir.

» Av turizmi gelistirilirken, yaban hayati koruma
altina alinmalidir.

» Bolgede Deve dagi, Ahlatlar ve Yavuzlar
mevkiinde Ath doga yiiriiyiisleri planlanabilir.

» Soganli, yumrulu, rizomlu bitkiler, tibbi ve
aromatik bitkiler, alpin bitkiler gibi bolgenin zengin
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floras1 en iyi sekilde degerlendirilmeli, bu bitkilerin
yetistiriciligi, yayginlastirilmasi, korunmasi ve tanitimi
en iyi sekilde yapilarak turizme kazandirilmalidir.

» Ekolojik iiriin ve tarim turizmi kapsaminda,
organik iirlin iiretimi, yerel gidalar ve yabani meyveler
degerlendirilmelidir.

» Coruh’a yakin derelerde sportif olta balikg¢ilig
gelistirilmelidir.

» Cim ve kar kayag yapilabilirligi arastirilmali
ve yaz aylarinda ¢im, kig aylarinda kayak yapilabilecek
yayla veya bolgeler belirlenmelidir.

» Yorenin genetik ve su kaynaklarini korunmasi
ve dogal giizelliklerinin tanmitimina yonelik projeler
hayata gecirilmelidir.

» Tarihi eserlerin korunmasi, restorasyonu ve
tanitim1 yapilmali 6zellikle kalintt halindeki tarihi ve
mimari miraslarimizin yenileme isleminin biran 6nce
tamamlanmalidir.

» Bolgenin turizme yonelik tasima kapasitesi
(alanin sahip oldugu biyolojik ve eklojik degerlerin
bozulmadan kalmasi ve devamliligi) belirlenmeli bu
anlamda olumsuz etkileri en aza indirgeyecek iyi bir
planlama yapilmalidir.

Kisacasi, bolge yaylalari, ormanlari, sulari, temiz
atmosferi ve ekoturizme uygun alanlari ile kesfedilmeyi
beklemektedir.
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Effects of Different Conditions on The Vase Life of Orchis palustris

Serkan OZER!, Hasan YILMAZ,! Mehmet Akif IRMAK!, Murat ZENGIN?

ABSTRACT: Orchis palustris grows naturally in Erzurum and has drawn attention as new cut-flower. This study
was carried out to determine the vase life of Orchis palustris under different conditions including the use of chemical
preservatives; (8-HQ, AgNO, sodium benzoate, sugar, AISO, and kinetin). The results indicated that the B solution
prolonged the life of the Orchids by 23 days, which is 8.4 days longer than the control. It was also found that Orchis
palustris which stays alive for up to14.6 days even in tap, can be a cut as flower and vase plant with life length of
its flowers and exclusive size of its flowers.

Keywords: Cut flower, Erzurum, Orchis palustris, solution, vase life

Orchis palustris’in Vazo Omrii ve Diger Bazi Ozellikleri Uzerine
Degisik Kimyasal Karisimlarimin Etkisi

OZET: Orchis palustris Erzurum ilinde dogal olarak yetismekte ve giceklerin giizellikleri ile yeni bir kesme
cicek tiirii olarak dikkatleri cekmektedir. Caligma Orchis palustris’in biri Control (musluk suyu) olmak iizere dort
ayri soliisyonda (8-HQ, AgNO, sodyum benzonat, seker, AISO, ve kinetin) vazo dmiirlerini belirlemek amaciyla
yapilmisgtir. Caligma sonucunda Orchis palustris’in B solusyonunda 23.0 giin vazo 6mrii ile Control soliisyonuna
gore 8.4 giin (57.5%) artis sagladig1 gozlenmistir. Ayrica Control soliisyonu olan musluk suyunda bile 14.6 giin
yasayan Orchis palustris’in gerek cicek dmrii gerekse de etkileyici ¢igek boyu ve giizellikleri ile iyi bir kesme ve
vazo ¢igegi olabilecegi belirlenmistir.

Anahtar Kelimeler: Erzurum, kesme ¢igek, Orchis palustris, soliisyon, vazo émrii
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INTRODUCTION

Flowers reveal the distinctive beauty of nature.
Naturally growing flowers have been cultivated for
many years for their various characteristics including
medicinal and aesthetic. People living in urban
environments tend to use different varieties of flowers
either in or out of their houses. Cut-flowers are chosen
as the indicative symbol of love for special events. The
floral industry has seen an increase in demand in recent
years. Cut flowers account for 80 % of the commercial
flower market in the world (Groot, 1998). Due to its
diverse eco-geographic characteristics, Turkey contains
over 9000 different plant species, 3000 of which are
endemic (Kiziroglu ve ark., 1992). In spite of this
richness, the country is not a key producer in the flower
trade. According to the AIPH (2008), Turkey was
ranked 24™ in the world in 2007 for ornamental plant
production (Anonymous 2009)

Orchid production in Turkey is below the level of
demand in the world. However, orchids are popular
tropical cut-flowers and are now marketed globally
(Hew, 1994). Orchids rank fourth among cut flowers in
EU countries with an export rate of 151 744 stems and
85 172 million Euros. Orchid production has not seen an
increase in Turkey despite increases in imports in recent
years. In 2008, it was the second most imported flower
following the rose (Anonymous, 2009). In the floral
industry, aesthetic conditions and vase life are among
the top criteria required by wholesale growers. Several

studies have shown the effects of different chemicals
on flower length and shelf life. (Yilmaz, 1991; Ketsa et
al., 2001; Sahamantak and Pathania, 2003; Sing et al.,
2004; Al-Humaid; 2004, Darras, 2005; Macnish et al.,
2008; Machaka-Houri et al., 2012; Gomiz el al., 2013).

The objective of this study was to determine
the length of vase life and use possibilities of Orchis
palustris as cut-flowers, which is a native plant in the
northern area of the city of Erzurum, appreciated for
its beauty and flower length. In addition, prolonging the
vase life of Orchis palustris using chemical solutions
by investigated.

MATERIAL AND METHODS

In this study, Orchis palustris was the primary
material. The plants were grown naturally in prairie and
wet lands located 20 km north of the city of Erzurum
in the Northern Anatolia region of Turkey. (Eken et al.,
2005). Cultivated in their native setting, root the length
measurement is between 40 and 80 cm, petals are 18
to 20 cm and flower stems are 3.0 to 3.5 cm. To obtain
homogeneous samples, fully mature plants with similar
features were sampled (length: 50-60 cm, petal: 18-
20 cm, flower stems: 3-3,5 cm) (Figure 1). The plants
were 90 % in bloom at the flowering stage. Stems were
cut at ground level in their natural habitat then were
transported to the laboratory in water and protected
from light during transportation.

Figure 1. Preparation of samples for vase experiment.

136

Igdir Uni. Fen Bilimleri Enst. Der. / Igdur Univ. J. Inst. Sci. & Tech.



Preparation of solutions: Solutions were
prepared considering the principles of Ketsa and
Boonrote (1990), Yilmaz (1991) and Ketsa et al.
(1995). Four different solutions (A), 100 mg L'
8-HQ, 50 mg L' AgNO, 60 mg L' sodium benzoate,
40 g L' sugar, 25 mg L' AISO, and 5 mg L' kinetin;
(B), 150 mg L' 8-HQ, 100 mg L' AgNO, 80 mg L"!
sodium benzoate, 50 g L' sugar, 20 mg L' AISO,
and 10 mg L' kinetin; (C), 300 mg L' 8-HQ, 75
mg L' AgNO, 100 mg L' sodium benzoate, 60 g L™
sugar, 15 mg L' AISO, and 5 mg L' kinetin; and in
the fourth solution (Control) tap water were used.
Mixtures of A, B and C were diluted in 1 L — vase full
of tap water. Orchis palustris samples were cut with
a stem length of 25 to 30 cm and flower length of

Effects of Different Conditions on The Vase Life of Orchis palustris

19 to 21 cm before being taken to laboratory. A total
five flowers were put into 1 — L vases. The Wilson
Colour Chart catalogue was used for the definition
of flower colours. Colour of the flower samples was
detected to be Amethyst Violet 35 (Wilson, 1938).

Preparation of laboratory conditions: Vases
were kept under shade conditions to protect flowers
from direct sun light (Figure 2). Special care was taken
to prevent humidity and temperature changes. During
the study, the laboratory was ventilated for two hours
every other day. Changes in the pH of the solutions
were measured at the beginning, middle and end of the
study period. The length of flowers and flower stems,
stem thickness and solution levels were measured.

Figure 2. Orchis palustris plants in the laboratory.

Variations in the amount of solution: Diluted
substance rates in the vases showed variations
depending on humidity and temperature. 1 — L baseline
levels of solutions were marked on the vase. Loss of
solution levels was determined by measuring these
levels every other day at the same time. All levels were
adjusted to 1 L by adding extra solution (Meeteren and

Gelder, 1999).

PH
variationsis one of the factors affecting the shelf life

variations of the solutions: pH level

Cilt/ Volume: 6, Say1/ Issue: 3,2016

length of cut flowers (Put and Meijden, 1988). Variations
in pH of each of the solutions was determined by
measuring pH levels when solutions were first prepared
(at the baseline; 1* day), in the middle of the and at the
end of the (11" day and 21* to 23™ days respectively)
possible length of vase life.

Variations in stem thickness: Thickness of the

flower stems measured before exposure to solution
showed wvariations depending on the time when
flowers were placed into vases. (Lee and Lee, 1989).
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This variable was also measured regularly during the
study period.

Variations in flower length: Length of flowers is
an important factor in determining cut flower quality.
Flower length was measured at the beginning of the
study. After the first measurement, variations in flower
length were measured regularly in two-day intervals in
order to monitor the flowers which did not blossom in
the rate of 10 %.

Flower variations: Reduction in flower radius
was measured regularly in order to follow contractions
due to fading. Samples were labelled as dead when the
number of dead florets exceeded half of the span of
their radius which was determined to be the end of vase
or shelf life. The number of dead flowers was regularly
measured until the end of vase life.

Statistical analysis: The experimental design
was randomized with three replications. Data were
subjected to variance analysis using SPSS statistical

software. Differences in solution content applications
were tested using the LSD test.

RESULTS AND DISCUSSION

Stem thickness and flower length of A,B and C
varied and the control solutions, and pH also showed
great variations. The average temperature and relative
humidity were measured at 18.5 °C and 68 % during
the study, respectively. Solution losses measured every
other day increased with time. The maximum loss of
solution occurred on the 13 day, with the exception of
the control. Towards the end of the study period, this
increase ceased and losses decreased with a reduction
in the number of flowers in the vases. Flowers treated
with solution C, exhibited the lowest solution loss on
the 3 day of the study period with 20.6 ml while the
maximum solution loss occurred on 13" day with 29.6
ml compared to the other solutions (Figure 3).

mlt The amount of extra water
35
; A
sl N %o\
A AN [
20 - // \ > s \ —=—B
15 \l/m ——C
Y
\/ —+—Cont

10
5
0

3 5 7 9 11 13 15 17 19 day

Figure 3. Solution losses of vases.

pH values of solutions were measured before
putting flowers into vases. pH value of solution A was
4.72, the lowest among the solutions, and the highest
pH was tap water with a value of 7.27. In the middle
of study period, on the 13" day, the pH of all of the
solutions showed a decreasing trend while at the end
of the period, the pH of all of the solutions continued
to decrease with the lowest pH of 3.80 in solution B.
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The control vase showed a different trend in pH values
from the other solutions by having a slight decrease
at first, then stabilizing and increasing at the end
exceeding the baseline value of 7.76 (Figure 4). Results
of the statistical analysis showed that there is a negative
relationship between the life length of flowers and pH
in all solutions. Acidity increased life length of the
flowers.
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Figure 4. pH changes in solutions

Another variable evaluated in the study was stem
thickness, which showed a decreasing trend towards the
end of the study period for all treatments. For instance,
the stem thickness of flowers in solution B was 0.83 cm
when they were put into a vase, which was the highest
mean value among the samples, with a value of 0.76 cm
at the end of the study.

Flower length is an important factor for cut flowers.
The highest mean flower length at the beginning was
measured at 21.1 cm in solution B while the control
had the lowest value at 19.4 cm. The highest increase in
flower length was 2.5 cm in solution C while the lowest
increase was 0.7 cm in the control in the end of study

(Figure 5).

25

20 A

—e—First

—e— Middle

—— Last

A B Solution C Cont.

Figure 5. Changes in flower length in time

The radius of flowers was measured before they
were put into vases and measurements were taken
throughout the study period. Mean radius values were
3.1cm, 3.2 cm, 3.2 cm and 3.2 cm in A, B, C solutions
and the control, respectively whereas these values were
2.26 cm, 2.30 cm, 2.50 cm and 2.73 cm in solutions A,
B, C and the control when flowers began to die.

In the measurements conducted as flowers began to
die, the maximum reduction in flower radius was found

Cilt / Volume: 6, Say1/ Issue: 3, 2016

to be 0.9 cm in solution B while the minimum was seen
in control with 0.7 cm. When considering the length of
vase life, the shortest vase life was seen in the control
with 14.6 days while the longest was in solution B with
23.0 days, which was followed by solution A and C with
21.06 and 21.0 days. Solution B increased life length
by8.4 days (57.5%) as compared to the control while
solutions A and C caused an increase of 6.46 (44.2%)
and 6.40 (43.8%) days, respectively (Figure 6).
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Figure 6. Relationship between solution types and vase life

There were significant differences among the three
solutions and the control (P<0.01). The relationship
between life length and pH was significant at the
beginning of study, while very significant in the middle

of the and at the end of the study. The difference in
flower radii between the beginning and the end of study
period was very significant (Table 2).

Table 1. Relationships among parameters of Orchis palustris (p<0.01"")

1 flowerlife 052 0.50* -0.05

2 flowerd ixmete rfr st 0,88~ -0.13

S flowerdiamete rmiddle 0.29
4 flowerdiameter end

S5 pHfirst

8. pHmiddle

7.pHend

8.stemthicknessfrst

9 _stemthicknessmiddle

10.:stemthickne ssend

S a W a e 10.
-08e -0.79~ -080 0.0z 0.007 -032
-0z2z2 -0.34 -0.35 -0.02 -0.29 -0.53
-0.08 -0.23 -0.20 0.25 -0.11 -0.28

03¢ 0.30 041 0.65" 027 021
0.95* co5 0.31 015 0.49
oo™ 0.23 0z0 el
0.z8 01z 0.53
oez o0zs
0.71°

Flora of Turkey is rich in plant diversity. Most
studies were carried out to determine and use the
flowers grooving in Turkey (Yiicel and Altinoz 2001;
Zencirkiran 2005; Kilig et al., 2006; Ozer et al., 2009;
Diisen and Stimbiil 2007; Koyuncu et al., 2011; Bektas
et al., 2013). Therefore extending the vase life of these
wild flowers in Turkey are becoming increasingly
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important for cut flower production. Various factors
are well known to effect the vase life length of cut
flowers. Physical factors such as humidity and
temperature were the same for all solution types in
the vases; these factors remained constant. Variations
in the vase life length caused by solutions A, B, C
and the control were evaluated. Solutions used by
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Yilmaz (1991) were also applied in the present study
and results are consistent with those of Ketsa (1995),
Ichimura et. al. (1999), Onozaki et al. (2001), Paul and
Chantrachit (2001), Capdeville (2005) and Macnish et
al. (2008), all of which found that various solutions
increased life length of Orchis palustris compared to
that of tap water (control).

The study revealed a significant relationship
between flower length and pH and solution loss. The
life length of flowers in solutions with a lower pH
was longer. The solution which exhibited the longest
vase life length was solution B with a pH value of
3.80, which was lower than that of A and C. The pH
of the control solution was determined to be 7.27 at
the beginning, which showed a decrease until the 13%
day when flowers began to die and the pH increased
to 7.76. It is clear that the pH of solution B, which
provided the longest vase life, was the lowest while
the control with the shortest vase life had the highest
pH. This shows a clear negative relationship between
pH and vase life length.

A relationship was found between the flower
stems and life length of flower. Solution B provided
the longest life for flowers with a radius of 0.9 cm,
whereas control solution provided the lowest reduction
with 0.7 cm and shortest life length.

A close relationship was also obtained between
vase life length and solution losses. On the 15" day
of the study, total loss in solution B was the lowest
compared to solutions A and C, with 150 ml. At the
beginning of fading period, which was 21% day, loss
in solution B was the lowest with 198.9 ml, which
was followed by solution C and A with 203.6 ml and
212 ml. This result shows that as the loss in solution
reduces, life length increases which is not consistent
with the findings of the study by Paul and Goo (1985)
on Anthirium.

Solutions in general significantly increased the
life length of flowers compared to tap water (P<0.01).
This increase was seen in solution B (150 mg/L 8-HQ,
100 mg/L AgNO, 80 mg/L sodium benzoate, 50 g/L
sugar, 20 mg/L AISO, and 10 mg/L kinetin) at the
highest with 23.0 days (57.5%). When considered
the solutions in the study, only kinetin is higher in
solution B than A and C. By considering this result,

Cilt / Volume: 6, Say1/ Issue: 3, 2016
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amount of solution B, which is between A and C, can
be accepted to be more suitable. In addition, use of
kinetin more in this solution than A and C can be said
to have favourable effects on the length of flower. This
study showed that in addition to its attractive features,
Orchis palustris is a good quality vase flower which
can be vivid for 14.6 days even in tap water.

Vase flowers sold in the region are brought from
outside the region. It was found in the study that Orchis
palustris is a good quality vase flower with its flower
characteristics and vase life. Therefore, it can be used
as a new cut-flower for these favourable features; to
meet cut flower need of its native region; and to be
exported to other neighbouring regions and countries.
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Izmir Korfezi Midye (Mytilus galloprovincialis ve Mytilaster minimus)
Yataklarinda Saptanan Yabanci Bivalv Tiirleri

Alper DOGAN!

OZET: Bu calismada, Izmir Kérfezi'nde medio-littoral zonda secilen 4 istasyonda, midye yataklarinda dagilim
gosteren yabanci Bivalvia tiirlerinin tespit edilmesi amacglamistir. 2014 yili Kasim ayinda alinan 6rneklerin
degerlendirilmesi sonucunda 11 bivalv tiirii ve bu tiirlere ait toplam 8200 birey saptanmugtir. Tespit edilen bivalvlerden
Anadara transversa, Arcuatula senhousia, Brachidontes pharaonis ve Pinctada radiata yabanci tiirler olup,
aragtirmada bu tiirlerin toplam 122 bireyine rastlanmistir. Orneklerde juvenil bireyler ile temsil edilen 4. transversa,
toplamda 65 birey ile en baskin yabanci tiir olarak belirlenirken, B. pharaonis ise toplam 12.94 gr ile en yiiksek
biyomas degerine sahip yabanci tiir olmustur.

Anahtar Kelimeler: Bivalvia, [zmir Kérfezi, midye yatag1, yabancr tiir

Alien Bivalve Species Found on the Mussel (Mytilus galloprovincialis
and Mytilaster minimus) Beds in Izmir Bay

ABSTRACT: The present study is aimed to determine alien bivalve species on the mussel beds (Mytilus
galloprovincialis and Mytilaster minimus) inhabiting the medio-littoral zone of four stations located in Izmir Bay
(Aegean Sea). Samplings were performed in November 2014 and as a result, a total of 8200 specimens belonging
to 11 bivalvian species were encountered. Of the species determined, Anadara transversa, Arcuatula senhousia,
Brachidontes pharaonis and Pinctada radiata were alien ones represented with 122 individuals. Among the alien
bivalves, A. transversa that comprised juvenile specimens was the most dominant species with a sum of 65 individuals
and B. pharaonis had the highest biomass value (12.94 gr in total) in the area.
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GIRIS

Izmir Korfezi, Ege Denizi’nin Anadolu kiyilarina
yaklagik olarak 60 km girmesi ile meydana gelen bir
korfez olup, topografik olarak ig, orta ve dis korfez
olmak iizere li¢ kisimda incelenir (Kocatas, 1980).
Karaburun Yarimadasi ile Gediz Deltas1 arasinda
Kuzey-Bati, Giliney-Dogu dogrultusunda uzanan
daha genis ve daha derin kisim dis korfez olarak
adlandirilirken, dis kdrfez’in Giineydogusunda bulunan
Cilazmak Lagiinii ile Kalabak hatti arasinda kalan bolge
orta kdrfez ve Izmir’in en yogun yerlesiminin oldugu,
korfezin Yenikale Gecidi’ne kadar olan boliimii ise i¢
korfez olarak bilinmektedir.

[zmir Kérfezi 1960’11 yillardan baslayarak, estetik
ve saglik agisindan tiim Akdeniz’in en 6nemli kirlilik
yogunlagsmalarinin yasandigi odaklardan biri haline
gelmistir. Izmir ve civarinda yasayan 3 milyondan fazla
insan ve olduk¢a fazla sayida fabrika vb. isletmelere
ait atiklar bu kirliligin nedeni olarak gosterilmektedir
(Dogan et al., 2005). Bu kirlilik ytikleri, yillarca
herhangi bir temizleme islemi gecirmeksizin bu
alict ortama ulagmigtir. Korfezin i¢ kesimlerinde
kirlilik asir1 boyutlara ulasmis ve korfezin ekolojik
dengesinde onarilmasi giic bozulmalar goézlenmeye

baglanmigti. Bu nedenlerden dolayr 1983 yilinda
Biiyiik Kanal Projesi ¢ergevesinde aritma tesisi kurma
calismalar1 baglatilmis, bu tesisinin biiylik bir kisminin
2000 yilinda devreye girmesi ile orta ve i¢ korfezde
fiziksel, kimyasal ve biyolojik degisiklikler s6z konusu
olmaya baglamistir (Kontas et al., 2004; Cinar et al.,
2006). Izmir i¢ kdrfezde yer alan Izmir Limani’ndan
kaynaklanan yogun gemi trafiginin de korfez ekosistemi
iizerinde olumsuz etkileri vardir. Korfezdeki yogun
denizel tagimacilik aktiviteleri, olusturduklari kirliligin
yaninda, yabanci tiirlerin taginmalarn konusunda da
onemli etkiye sahiptirler (Cinar et al., 2006; 2008).

[zmir Korfezi'nde daha once gerceklestirilen
calismalarda (Demir, 1977; Oztiirk and Poutiers, 2005;
Cmar et al., 2006; 2008; 2012; Dogan et al., 2014)
ozellikle yumusak substratumlardan tespit edilen yabanci
bivalv tiirlerine deginilmis olup giiniimiize kadar,
yabanci bivalv tiirlerinin sert substratumlarda yer alan
midye fasieslerindeki kalitatif ve kantitatif durumlaria
iliskin bir ¢alisma gerceklestirilmemistir. Izmir Korfezi
medio-littoral zon midye fasieslerinde dagilim gosteren
ve Ozellikle korfezde istilact olma potansiyeline sahip
yabanci bivalv tiirlerinin mevcut durumlarinin tespiti bu
caligmanin konusunu teskil etmektedir.

Ege Denizi ?

27500

o Tirkiye

-38°30'

Sekil 1. Izmir Korfezi’nde yer alan 6rnekleme istasyonlari
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[zmir Korfezi Midye (Mytilus galloprovincialis ve Mytilaster minimus) Yataklarinda Saptanan Yabanci Bivalv Tiirleri

MATERYAL VE YONTEM

Orneklemeler, biri i¢c ve ii¢ii de dis korfezde
olmak tizere belirlenen toplam 4 istasyonda 24-27
Kasim 2014 tarihleri arasinda (Sekil 1, Cizelge 1),
medilittoral zondaki midye fasieslerinde, 400 cm?
alana sahip kuadrat ve spatula yardimi ile 3 tekrarl
olacak sekilde gerceklestirilmistir. Elde edilen
ornekler %4’lik formalin ¢ozeltisi ile fikse edilmis
ve laboratuvarda 0.5 mm’lik elekten gecirildikten
sonra bivalv tiirlerinin ayrim, tayin, sayim ve tartim
islemleri  gerceklestirilerek, istasyonlarda birim
alanda belirlenen tiir ve birey sayilar1 ile biyo kiitle
degerleri, ayrica, tiirlerin istasyonlarda birim alandaki
birey sayilar1 ve biyokiitle degerleri hesaplanmistir.
Istasyonlarda deniz suyuna ait sicaklik ve tuzluluk

¢Oziinmiis oksijen parametresi ise YSI marka (model
55) oksijen metre ile in-situ olarak Slgiilmiistiir.

BULGULAR VE TARTISMA
Fiziko-kimyasal Bulgular

Istasyonlarda olgiilen deniz suyuna ait temel
degisiklikler
gostermemistir. (Cizelge 1). Tuzluluk degerleri 35.2%o

fiziko-kimyasal parametreler Onemli
ile 35.8%o arasinda tespit edilmistir. En diistik sicaklik
degeri (14.1 °C) istasyon 2’de, en yiiksek sicaklik
degeri (16.9 °C) ise istasyon 4’te saptanmistir. En
yiiksek (9.5 mg.1!) ve en diisiik (8.3 mg.1") ¢dziinmiis
oksijen degerleri sirasi ile istasyon 4 ve istasyon 1’de

parametreleri YSI marka (model 30) SCT metre ile ve  0lgiilmiistiir.
Cizelge 1. Ornekleme istasyonlarina ait veriler.
Istasyonlar Koordinatlar Tarih Tuzluluk (%o) Sicaklik (°C) 0, (mg.I'")
1 ggzz;;g’g 27.11.2014 35.7 14.6 83
2 ;gzggigg 27.11.2014 35.6 14.1 9.2
3 zng)gzzg 27.11.2014 35.8 15.5 8.6
4 352%)221631; 24.11.2014 352 16.9 9.5

Faunistik Bulgular

Flde edilen oOrneklerin kalitatif ve kantitatif

olarak degerlendirilmesi sonucunda, 6 familya
kapsaminda 11 bivalv tiirii ve bu tiirlere ait toplam

8200 birey saptanmistir (Cizelge 2). Bu tiirlerden

Cilt / Volume: 6, Say1/ Issue: 3, 2016

Anadara transversa (Say, 1822), Arcuatula senhousia
(Benson in Cantor, 1842), Brachidontes pharaonis
(P. Fischer, 1870) ve Pinctada radiata (Leach, 1814)
yabanct tiirlerdir (Sekil 2). Brachidontes pharaonis bu
calismada Izmir Kérfezi’nden ilk kez tespit edilmistir.
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Cizelge 2. Istasyonlarda tespit edilen tiirler ve birey sayilar1 (*: yabanc tiir, R: tekrar numarasi).

Familyalar/Tiirler 1-R1 1-R2 1-R3 2-R1 2-R2 2-R3 3-R1 3-R2 3-R3 4-R1 4-R2 4-R3
Arcidae

*Anadara transversa (Say, 1822) 5 8 13 7 11 21
Mytilidae

*Arcuatula senhousia (Benson in Cantor, 1842) 6 4 3 1 1 2
**Brachidontes pharaonis (P. Fischer, 1870) 8 3 19 2 1 3 1 2

Gregariella petagnae (Scacchi, 1832) 46 46 25 1 1 1 1
Mpytilaster minimus (Poli, 1795) 1576 1742 1188 132 79 59 21 8 11

Mytilus galloprovincialis Lamarck, 1819 29 22 129 82 39 102 241 141 232 641 776 586
Pteriidae

*Pinctada radiata (Leach, 1814) 1

Anomiidae

Anomia ephippium Linnaeus, 1758 3 1 3 1 4 1 2 2
Ostreidae

Ostrea edulis Linnaeus, 1758 6 1 19 2 7 4 1 3 2
Veneridae

Petricola lithophaga (Retzius, 1788) 1

Ruditapes decussatus (Linnaeus, 1758) 4 15 6 33

*: yabanci tiir; **:korfez igin yeni kayit olan yabancr tiir.

Gy

5 mm

Arcuatula senhousia (Benson in Cantor, 1842) Pinctada radiata (Leach, 1814)

Sekil 2. izmir Kérfezi medio-littoral zon midye yataklarinda tespit edilen yabanci Bivalvia tiirleri
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Istasyonlar birey sayilar bakimindan  ilk sirada yer aldigi, bu istasyonu 17 167 ile 4, 6 442
karsilastirildiklarinda, dis korfezden segilen 1 nolu  ile 3 ve 4 158 ile 2 nolu i¢ korfez istasyonlariin takip
istasyonun, metrekarede tespit edilen 40 567 birey ile  ettigi goriiliir (Sekil 3).

50000 ~
45000 -
40000 - 40567
35000 -
30000 -
25000 -
20000 -
15000 -
10000 -

5000 - 4158 ﬁ 6442
0 .

istasyonlar

Ortalama birey sayis1 (m2)

Sekil 3. Istasyonlarda tespit edilen birey sayilarinin ortalama ve standart sapma degerleri

I¢ kérfezde yer alan 3 nolu istasyon 10 tir  hissedildigi 1 nolu istasyon ve 6 tiir ile i¢ kdrfezde yer
ile en fazla tiir zenginligine sahip istasyon olarak  alan 4 nolu istasyon takip ederken, 4 tiiriin saptandigi
belirlenmigtir (Sekil 4). Bu istasyonu 8 tiir ile dis 2 nolu istasyon tiir sayis1 bakimindan son sirada yer
korfezde yer alan ve korfez kirliligi etkilerinin en az  almistir (Sekil 4).

12

.
()

Ortlama tiir sayisi (400 cm2)

1 2 3 4
Istasyonlar

Sekil 4. Istasyonlarda tespit edilen tiir sayilarinin ortalama ve standart sapma degerleri
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Calismada, Mytilaster minimus en fazla birey sayisi
ile (4816 birey), Pinctada radiata ve Petricola lithophaga
ise en az birey sayisi ile (1 birey) temsil edilen tiirler
olmuglardir. Caligma kapsaminda saptanan yabanc tiirler
icerisinde en fazla birey sayisi ile temsil edilen tiir 65 birey
ile A. transversa olmustur. Calismada P. radiata’nin ise
sadece bir adet bireyine rastlanmigtir (Sekil 5).

5000 -
4500
4000
3500
3000
2500
2000
1500
1000
500

Birey sayisi

Elde edilen yabanci bivalv tiirlerinin metrekaredeki
birey sayilar1, her bir 6rnek ayr1 ayri dikkate alindiginda,
4 nolu istasyonun 3. 6rneginde metrekarede 525 adet
birey ile A. transversa’nin ilk sirada yer aldigi, bu tirii
1 nolu istasyonun 3. érneginde metrekarede 475 birey
ile B. pharaonis’in takip ettigi goriiliir (Sekil 6).

4816

Sekil 5. Arastirmada tespit edilen tiirlere ait birey sayilar

500 -
450 -
400 -
350 -
300 -
250 -

200 -
150 -
100 -
50 -
0 - . \

Birey sayisi (m2)

® Brachidontes pharaonis

W Pinctada radiata

% Anadara transversa

N Arcuatula senhousia

N
N\ \

1-R1 1-R2 1-R3 2-R1 2-R2 2-R3 3-R1 3-R2 3-R3 4-R1 4-R2 4-R3

Sekil 6. Kuadrat 6rneklerinde belirlenen yabanct tiirlere ait birey sayilarinin metrekaredeki karsiliklart
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Istasyonlar, tespit edilen biyokiitle degerleri
bakimindan karsilastirildiklarinda, 4 nolu istasyonun
metrekarede ortalama 9984 g ile en yiiksek degere

12000 -
= 10000
8000
6000

4000

Ortalama Biyokiitle (g m2)

2000

sahip oldugu, bu istasyonu 5617 gile 3 ve 1943 gile 1
nolu istasyonun takip ettigi goriiliir (Sekil 7).

istasyonlar

Sekil 7. Istasyonlarda tespit edilen biyokiitlenin ortalama ve standart sapma degerleri

Tiirler, her bir ornekteki biyokiitleleri dikkate
alinarak incelendiginde M. galloprovincialis’in
en yiiksek biyokiitle degerleri ile temsil edildigi
goriiliir (Cizelge 3). Bu tiir, 4 nolu istasyonun
ilk orneginde saptanan 11292.5 gr.m? lik deger
ile en yiiksek biyokiitle degerine sahip olmustur.
Arastirmada saptanan yabanci tiirler igerisinde ise B.
pharaonis, 1 nolu istasyonun 3. érneginde saptanan
120.5 gr.m? lik biyokiitle degeri ile ilk sirada yer
almigtir (Cizelge 3).

Arastirmada tespit edilen yabanci tiirlerden A.
transversa, 1zmir Kérfezi’nden ilk defa Demir (1977),
P radiata ise Dogan (2005) tarafindan rapor edilmis
olup A. transversa korfezin 6zellikle i¢ ve orta korfez
arasinda kalan bolimiinde, P. radiata ise dis korfezde
Urla civarinda dikkat ¢ekici populasyonlar olusturmus
durumdadir (yayinlanmamuis veri).

Yiiksek iireme kapasitesi ve hizli biylime
ozelligine sahip firsat¢i bir tiir olan Arcuatula senhousia,
metrekarede 10 000°den fazla bireyin yer aldigi
populasyonlar olusturabilme o&zelligi ile bulundugu
yerdeki sedimentin yapisini degistirebilecek kapasiteye
sahip bir tiirdiir (Morton, 1973; Mistri, 2003; Munari,
2008). Zenetos et al. (2012)’a gore A. semhousia,
Akdeniz’e ulagan en basarili istilaci tiirlerden biridir.

Cilt / Volume: 6, Say1/ Issue: 3, 2016

Korfezi’nden ilk defa bu c¢alisma
kapsaminda rapor edilen Kizildeniz kokenli bir
istilac1 tiir olan B. pharaonis de, Akdeniz’de, sert
substratumlarda yatak olusturarak habitatin yapisini
degistirebilecek 6zellikte bir tiir olup, metrekarede
25 000’in iizerinde birey sayisi ile temsil edilebilen
yogun populasyonlar olusturabilmektedir (Rilov et
al., 2004; Sara et al., 2006). Mevcut calismada yerli
midye tiirlerine gore ¢ok daha az birey sayisi ile
temsil edilse de, korfezde son zamanlarda goriilmeye
baslanan bu tiiriin yerli midye tiir populasyonlari
tizerinde risk olusturabilme potansiyeline sahip
oldugu diisiiniilmektedir.

Izmir

Calismada midye fasiesinde belirlenen A.
transversa ve R. decussatus gibi tiirler dogal olarak
yumusak substratumlarda dagilim gostermektedirler.
Sert substratum Orneklemesinin yapildigi bu
calismada, s6z konusu tiirlerin sadece juvenilleri
tespit edilmistir.

Sonug olarak, izmir Kérfezi’nde gerceklestirilen
bu c¢alisma ile, korfez ekosisteminde sert
substratumlarda fasies olusturma oOzelligine sahip
yerli midye tiirlerinin (M. galloprovincialis ve M.
minimus) populasyon durumlar ile bu fasieslerde
bulunan yabanci tiirlerin 6zellikle de bulunduklari

149



Alper DOGAN

ortamlarda fasies olusturabilecek kapasiteye sahip
iki yabanci mytilid bivalv tiirli 4. senhousia ve B.
pharaonis’in giincel durumlart ortaya konmustur.
Bulunduklar1 substratumun yapisini degistirebilecek
derecede etkili olabilen, ekosistem miihendisleri
olarak tabir edilen tiirler arasinda yer alan ve yerel

midye yataklar1 lizerinde tehdit unsuru olusturma
potansiyeli bulunan bu iki istilac1 yabanci midye
tiirliniin, korfez ekosisteminde bundan sonra meydana
getirebilecekleri muhtemel etkilerin belirlenebilmesi
icin, Izmir Korfezi’nde bu gibi calismalarin uygun
araliklarla yinelenmesi gerektigi diisiiniilmektedir.

Cizelge 3. Her bir ornekte, tiirlere ait biyokiitle degerleri (gr.m?; R: tekrar numarasi).

Tiirler 1-R1 1-R2 1-R3 2-R1 2-R2 2-R3
Arcidae

*Anadara transversa

Mytilidae

*Arcuatula senhousia

**Brachidontes pharaonis 65.5 68.5 120.5 33.75 34.75

Gregariella petagnae 22.65 30.25 24.25

Mytilaster minimus 524.5 1040.0 1195.75 238.75 303.75 100.75
Mpytilus galloprovincialis 882.0 753.25 847.25 469.25 295.25 927.5
Pteriidae

*Pinctada radiata 0.03

Anomiidae

Anomia ephippium 2.77 1.63 6.35
Ostreidae

Ostrea edulis 143.5 0.818 107.0

Veneridae

Petricola lithophaga

Ruditapes decussatus 0.1

Tiirler 3-R1 3-R2 3-R3 4-R1 4-R2 4-R3
Arcidae

*Anadara transversa 0.798 3.45 3.95 2.73 5.63 10.35
Mytilidae

*Arcuatula senhousia 0.823 5.84 0.59 0.478 0.905 2.3
**Brachidontes pharaonis 0.318 0.003 0.39

Gregariella petagnae 0.115 0.128 0.12 0.133
Mytilaster minimus 0.138 7.17 22.93

Mytilus galloprovincialis 5342.75 4999.0 6405.25 11292.5 9302.75 9305.0
Pteriidae

*Pinctada radiata

Anomiidae

Anomia ephippium 1.69 11.07 0.345 2.66 3.29
Ostreidae

Ostrea edulis 0.098 24.73 11.95 4.66 9.52 8.54
Veneridae

Petricola lithophaga 0.023

Ruditapes decussatus 1.45 0.075 5.29

*: yabanct tiir; **:korfez igin yeni kayit olan yabancr tiir..
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Tritikale (X Triticosecale Wittmack) Cesitlerinde Ozellikler Arasi
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OZET: Bu arastirma bazi tritikale gesitlerinin tane verimi ile baz1 verim 6zellikleri arasindaki iliskileri, korelasyon ve
path analizi ile tespit edilmesi amaglanmistir. Aragtirma 2009-10 ve 2010-2011 yillarinda Van ekolojik kosullarinda
tesadiif bloklarinda boéliinen boliinmiis denmeme desenine gore 3 tekerriirlii olarak yiiriitiilmiistiir. Materyal olarak
3 gesit (Karma-2000, Mikham-2002 ve Presto) kullanilmistir. Elde edilen sonuglara gore; tane verimi ile biyolojik
verim (0.919**), metrekaredeki basak sayist (0.429*%*), 1000 tane agirligi (0.129**), basak uzunlugu (0.401**) ve
bitki boyu (0.614*%) arasinda olumlu ve dnemli, basaklanma giin sayisi (-0.356**) arasinda ise olumsuz ve 6nemli
iligkiler saptanmustir. Yapilan path analizinde; biyolojik verim (p=0.7493, % 77.46), metrekaredeki basak sayisi
(p=0.1901, % 35.79) ve 1000 tane agirliginin (p=0.0718, % 26.23) tane verimine en yiiksek dogrudan ve olumlu
etki yaptigi belirlenmistir.
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GIRIS

Tritikale (X Triticosecale Wittmack) genetik yapist
itibari ile bugday ve cavdarin melezi olan bir serin iklim
tahihidir. Cavdar gibi yiliksek adaptasyon kabiliyetine
sahiptir. Ancak verim ve verim potansiyeli bakimindan
bugdaya benzerlik gostermektedir. Bu amacla yapilan
1slah caligmalar1 sonucu gelistirilen yeni cesitler ile
verimsiz ve kirag alanlarin degerlendirilmesinin yaninda
artan diinya niifusu icin alternatif bir besin kaynagi
olarak diisiiniilmiistiir. Ozellikle bugdaya elverisli
olmayan asit topraklarda, yiiksek yaylalarda, kumlu,
az yagish yerlerde yada hastaliklarin bugdaya agir
zarar verdigi yorelerde tritikale ¢esitleri onerilmektedir
(Kiin, 1996). Tritikale bugdaya gore yiiksek tane ve
yesil ot verimi ile hizli biiyliime ve gelisme 6zelliginin
yaninda yiiksek oranda lisin i¢erigine sahip olup, insan
ve hayvan beslemesinde onemli bir yer tutmaktadir
(Kiin, 1996). Bu o6zelikler bakimindan marjinal
alanlarin ~ degerlendirilmesinde, Oncelikli  bitkinin
tiritikale olabilecegi ve yeni gesitlerin gelistirilmesi ile
ekim alan1 ve iiretiminde 6nemli artiglarin saglanacagi
ongoriilmektedir.

Ulkemizde 36 129 ha ekilisi, 112 000 ton iiretimi
vardir (Anonim, 2013). Van ilinde ise heniiz tiritikale
tarrm1 yapilmamaktadir. ilde 159 753 ha alan tarima
elverigsiz durumdadir. Ayrica tarima elverisli olmasina
karsin kullanilmayan arazi varligi 55 043 ha dir
(Anonim, 2005). Bu alanlarmn iiretime kazandirilmasi
ancak marjinal alanlara uyum saglayabilecek yiiksek
verimli bitki tiirlerinin se¢imi ile miimkiin olabilecektir.
Tritikale, bugdaydan yliksek kalite ve verim 6zelligini,
cavdardan ise hastalik ve zararlilara dayaniklilik
Ozeliklerini almistir. Ayrica tarima uygun olmayan,
toprak derinligi az, kislar1 ¢ok soguk olan bolgelerde
bugday ve arpadan daha yiiksek verim alinmaktadir.
Bu nedenle marjinal alanlarm kullanilmasi s6z konusu
oldugunda tritikale bitkisi 6n plana c¢ikmaktadir
(Kiin  1996).Tarimsal  {iretimde verimi artirmak
icin; genetik potansiyeli yiiksek, verimli ve kaliteli
gesitlerin  sertifikali  tohumluklar1  kullanilmalidir.
Ayrica yetistirme tekniklerine azami oranda uyulmasi
gerekmektedir. Yetistirme teknikleri ise; tohum yatagi
hazirligindan baglayarak, ekim, giibreleme, sulama,
bakim ve hasat-harman islerini kapsamaktadir. Bu
amagcla bitkide tiim gelisme donemi boyunca ihtiyaci
olan azotlu gilibrenin verilme zamani, cinsi, dozu ve
uygulama zamani verimi etkileyen onemli faktorler
arasindadir. Bu ¢alisma ile Van ve g¢evresi i¢in uygun
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gesit, ekim siklig1 ve azot dozunun tespit edilmesinin
yaninda, bilindigi gibi birim alan tane verimine diger
ozelliklerin dogrudan ve dolayl etkilerinin bilinmesi
ozellikle Tritikale bitkilerde bitki 1slahi agisindan
da o6nemlilik arz etmektedir. Ozellikle degiskenler
arasindaki dogrudan ve dolayl iliskileri birlikte
aciklayabilmek i¢in path analizinden yararlanilmistir.

MATERYAL VE YONTEM
Arastirma  Yiiziincii Y1l Universitesi  Ziraat
Fakiiltesi  arastirma ve  uygulama  alaninda

ylriitilmistir. Denemede bitkisel materyal olarak,
Mikham-2002 (Bahri Dagdas Uluslararasi Tarimsal
Aragtirma Enstitiisii), Karma-2000 ve Presto (Eskisehir
Anadolu Tarimsal Arastirma Enstitiisii)  tritikale
gesitleri materyal olarak kullanilmugtir.

Aragtirma toplamda (4 giibre dozu x 3 ¢esit x 4 siklik
x 3 tekerriir) 144 parsel olacak sekilde planlanmis ve
yiriitiilmiistiir. Ekimler el markdrii kullanilarak agilan
6 sira 20 cm aralik birakilarak yapilmistir. Bloklar arasi
5 m, alt parseller aras1 1 m ve altin alt1 parseller arasi
ise 50 cm bosluk birakilmistir. Ekimle beraber bitkinin
ihtiyact olan azotun yaris1 10 kg da DAP (18-46-0) ve
5 kg da' P,O, giibresi olarak uygulanmistir. Azotun
geriye kalan kismu ise 2.7, 5.4, 7.1 ve 10.8 kg saf N
da olacak sekilde tartilmig ve ilk baharda % 33’lik
Amonyum Nitrat (NH4)(NO3) olarak sapa kalkma
doneminden Once parsellere uygulanmistir. Deneme
siiresince ihtiyag duyulan zamanlarda yabanci otla
mekanik miicadele yapilmigtir. Hasat ve Olgiimler ise
siraya ekimlerde yanlardan birer sira baglardan ise
50 cm kenar tesiri olarak atildiktan sonra kalan alan
tizerinde (0.8 m x 5 m = 4.0 m?) yapilmustir (Ceylan
ve Sepetoglu, 1979). Aragtirma sonunda parseller elle
hasat yapilarak basak harman makinesiyle harman
edilmistir. Boliinen boliinmiis parseller deneme
desenine gore kurulan arastirmada istatistiki analizler,
TARIST bilgisayar programinda yapilmus, karakterler
arasindaki iligkilerin belirlenmesinde tekli korelasyon
katsayilar1 ve bu karakterlerin verime olan dogrudan
ve dolayl etkilerinin tespitinde ise path analiz yontemi
kullanilmig ve sonuglar Diizgiines ve ark., (1983)’den
yararlanilarak yorumlanmistir.

[limize ait iklim verileri Van Meteoroloji Bolge
Miidiirliigii’'nden temin edilmistir (Cizelge 1).
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Cizelge 1. Arastirma donemine ait iklim verileri (Anonim, 2011)*

Yagis (mm) Ort. Sic. (C°) Nispi nem (%)

Aylar 2009-(10) 2010-(11) (UYO)  2009-(10)  2010-(11) (UYO)  2009-(10)  2010-11 (UYO)
Ekim 15.9 45.8 44 .4 10.5 12.6 10.9 46.8 61.7 59.0
Kasim 91.1 1.2 48.2 4.4 43 4.3 61.1 63.0 66.0
Aralik 34.8 8.7 37.1 1.8 2.0 -0.5 63.5 53.8 67.0
Ocak 51.6 14.1 342 0.1 -1.6 -3.3 63.4 65.9 68.0
Subat 71.1 26.6 32.3 1.3 -0.8 2.5 65.5 67.8 68.0
Mart 383 30.7 459 5.7 2.4 1.6 58.9 61.5 68.0
Nisan 46.3 33.7 55.0 8.3 8.6 8.1 62.2 50.4 61.0
Mayis 69.8 62.8 45.6 13.2 13.0 13.1 61.1 49.5 56.0
Haziran 41.0 28.1 17.7 19.7 19.2 18.4 43.6 45.9 50.0
Temmuz 10.8 11.0 5.5 23.9 23.1 22.4 34.2 39.6 45.0
Toplam 399.7 351.6 365.9

Ort. 8.9 8.3 7.2 56.0 55.9 60.6

*Van Meteoroloji Bolge Midiirliigii, UYO: Uzun Yillar Ortalamasi

Cizelge 1°de de goriildiigii gibi denemenin
yuriitiilldiigi  yillardaki toplam yagis uzun yillar
ortalamasindan daha yiiksek degerlere sahiptir. 2009 yili
Nisan-Haziran donemi yagis miktar1 157.1 mm, 2010
yilinda ise 124.6 mm olarak kaydedilmistir. Ortalama
sicaklik degerleri 2009 yilinda 8.9 °C, 2010 yilinda
8.3 °C ve uzun yillar ortalamasi ise 7.2 °C olmustur.

Ortalama nispi nem degerleri ise ilk yil daha yiiksektir.

Aragtirmanin yiiriitiildiigii araziden alinan toprak
orneklerine ait analizler Yiiziincii Y11 Universitesi Ziraat
Fakiiltesi Toprak Boliimii laboratuvarinda yapilmistir
(Cizelge 2). Toprak analiz sonuglarina gore, deneme
alan1 topragi; kiregli, tuzsuz, hafif alkali reaksiyonlu,
organik madde icerigi diisiik, azot bakimindan yetersiz
ve fosfor icerigi bakimindan orta diizeyde oldugu
goriilmektedir (Cizelge 2).

Cizelge 2. Deneme alani topraklarina ait bazi fiziksel ve kimyasal dzellikler

Derinlik . Kireg Y.Fosfor Top. N Org. Mad. Top.Tuz
(cm) Tekstiir Sinifi PH (%) (ppm) (%) %) (%)
0-20 Kumlu killi tinlt 8.0 8.7 6.2 0.1 1.4 0.1
20-40 Kumlu killi tinl 8.1 9.2 5.4 0.1 1.2 0.1
BULGULAR VE TARTISMA
yapilan ¢aligmada, incelen 6zelliklere iligskin korelasyon
Korelasyon

Van ekolojik sartlarinda tritikale ¢esitlerinde

Cilt / Volume: 6, Say1/ Issue: 3, 2016

katsayilart hesaplanmig ve sonuglar Cizelge 3°de
verilmistir.
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Cizelge 3. incelenen Ozelliklerde gozlenen Korelasyon

Bit.

Oz MBS BTA BU BGS BTS BB Hi ES TV BV P
MBS 1 -0.192 -0.014 0.204 -0.525 0.444 -0.140  0.192 0.429 0.436 -0.114
o &d o o o o o % o *
0.360 0.369 0.420 0.142 0.218 0.403 0.129 -0.249  -0.087
BTA 1 o o o o o o o o &d
0.327 0.556 0.293 0.452 0.401 0.319 -0.248
BU 1 0.115* ¢ ok ok ok o *k #k
0.057 0.142 0.301 0.731 -0.356  -0.484 -0.274
BGS 1 6d sk *ok Heok o e *%
-0.05 0.296 0.224 -0.121  -0.186  -0.103
BTS 1 &d o % * o *
0.204 0.556 0.614  0.550 -0.230
BB 1 % % o s o
: 0.464 -0.023  -0.171  -0.082
HI ! *ok od o od
0.057 -0.082  -0.318
ES ! 6d 6d o
0.919 -0.050
TV 1 . 5d
-0.017
BV 1 5d
PO 1

*% (0,01 6nemli, * 0.05 nemli, 6d: Onemli degil.

MBS: Metrekarede Basak Sayisi, BTA: 1000 Tane Agirhigi, BU: Basak Uzunlugu, BGS: Bagaklanma Giin Siiresi, BTS: Basakta Tane Sayis1, BB: Bitki

Boyu, Hi: Hasat indeksi, ES: Erme Siiresi, TV: Tane Verimi, BV: Biyolojik Verim, PO: Protein Oran

2009-10 ve 2010-11 yillar1 arasinda yiiriitiilen bu
calismadan elde edilen ortalama m? deki basak sayisi
ile basaklanma giin sayisi (r= 0.204**), bitki boyu
(r= 0.444%*), erme siiresi (r=0.192**), tane verimi
(r=0.429**) ve biyolojik verim (r=0.436**) arasinda
olumu ve onemli iligki tespit edilmistir. Yagmur ve
Kaydan (2008) ile sonuglarimiz benzerdir. Bin tane
agirlig (r= - 0.192**), basakta tane sayis1 ( r=- 0.525
** ), hasat indeksi ( = - 0.140**) ve protein orani (
r = - 0.114%) arasinda ise ¢ok dnemli ancak olumsuz
iligki bulunmustur. Metrekarede bagsak sayis1 ile
basak uzunlugu arasinda olumsuz ve 6nemsiz iliskiler
belirlenmistir (Cizelge 4).

Denemenin her iki yilinda elde edilen ortalama
bin tane agirligi ile basak uzunlugu (r= 0.360%*%*),
basaklanma giin sayisi (r= 0.369**), basakta tane sayis1
(r= 0.420**), bitki boyu (r= 0.142**), hasat indeksi
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(r= 0.218*%*), erme siiresi ( = 0.403*%*), tane verimi
(r= 0.129**) ¢ok Onemli olumlu iligkiler bulunurken,
biyolojik verim (r= -0.249*%*) arasinda ¢ok Onemli
ancak olumsuz iliski tespit edilmistir. Protein orani
(r = -0.087) ile arasinda Onemsiz ve olumsuz iliski
goriilmis.

Aragtirma yillarina ait bagaklanma giin sayisi ile
bitki boyu (r= 0.142**), hasat indeksi (r= 0.301%*%*),
erme siiresi (= 0.731**) arasinda ¢ok 6nemli olumlu
iligkiler bulunurken, tane verimi (r=-0.356*%*), toplam
parsel verimi (r= -0.484**) ve protein oranlar (r=
-0.274**) arasinda ¢ok Onemli ancak olumsuz iligki
bulunmustur. Basakta tane sayisi arasinda ise olumlu
ve Onemsiz bulunmustur.

Denemede ortalama erme siiresi ile protein orani
(r= - 0.318**) arasinda ¢ok 6nemli olumsuz bir iligki
goriilmistiir. Erme siiresi ile tane verimi (r= 0.057)
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arasinda olumlu ve 6nemsiz, biyolojik verim (r=-0.082)
ise olumsuz ve 6nemsizdir.

Parsel tane verimi ile biyolojik verim arasinda (r=
0.919**) arasinda ¢ok Onemli olumlu, protein orani
(r= -0.050) ise olumsuz ve Onemsiz bir iliski tespit
edilmistir. Biyolojik verim ve protein orani (r=-0.017)
arasinda ise dnemsiz ve olumsuz etki goriilmiistiir.

Tomer ve Prasad (1988), Ulger ve ark., (1989),
Adak et al. (1999), Sonmez ve ark., (1999) ve
Yanbeyi ve Sezer (2006), Monouchehr (2006)’in arpa,
tritikale ve bugday da yapmis olduklar1 korelasyon
caligmalarinda, bizim ¢aligmamiza benzer tane verimi
ile baz1 verim karakterleri ve verim 6zelliklerinin kendi
aralarindaki ikili iligkiler arasinda onemli ve olumlu,
bazi 6zelliklerin kendi aralarindaki ikili iligkileri ise
olumsuz ve énemsiz oldugunu tespit etmislerdir (Kara
ve Akman, 2007).

Dokuyucu ve Akkaya (1999), yirtttikleri
arastirmada tane verimi ile hasat indeksi ve bin tane
agirligr arasinda olumlu ve 6nemli iliski bulunmustur.
Shamsuddin (1987)’in ekmeklik bugdayda basaktaki
tane sayist ve 1000 tane agirhigmin tane verimine
dogrudan etkilerinin birinci dereceden 6nemli oldugunu
tespit ettikleri bulgulartyla, Adak et al. (1999), arpa
bitkisinde tane verimine basak boyu Onemli ve
dogrudan etkiledigini belirledikleri sonuglariyla ve
Shoufu et al. (1997), Dencic et al. (2000) ve Yagdi
(2009)’nin tane verimine en yiiksek dogrudan etkiyi
basakta tane agirliginin yaptigi saptamalariyla paralellik
gostermistir. Aragtirmada ele alian 6zelliklerdeki bu
degisikliklerin kantitatif karakterler olmasi nedeniyle
ortaya c¢iktig1 disiiniilmiistiir. Nitekim Yagdi (2009)
bugdayda yaptiklari c¢aligmalarda benzer sekilde
tane verimi lizerine 1000 tane agirliginin  olumlu
ve Onemli etkisinin Ozellikle seleksiyonlarda basari
ile kullanilabilecegi sonucuna vartlmistir. Tahillarda
verim ve kalitenin kullanilan ¢eside, bdlgenin ekolojik
yapisina ve uygulanan kiiltiirel islemlere gore degistigini
bir ¢ok arastirmaci bildirmislerdir (Kendal ve ark.,
2012). Birim alan tane veriminde etkili unsurlarin yillar
gore etki dereceleri iklime bagli olarak degismektedir
(Kirtok ve Colkesen, 1985).

Path Analizi

Arastirmada tritikale ¢esitlerinin verim ve bazi
kalite 6zelliklerinin karsilastirildig1 calismanin iki yillik
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sonuglarina gore, birim alan tane verimi ile bazi1 verim
Ozelliklerinin dogrudan ve dolayli etkileri belirlenmis
olup, sonuclar Cizelge 4’ de dzetlenmistir.

Path analizi sonucunda metrekarede bitki sayisinin
tane verimi lizerine dogrudan etkisi olumlu (p=0.1901)
ve etki pay1 yliksek (%35.9) bulunmustur. Metrekarede
bitki sayis1 ilizerinden tane verimine en yliksek dolayli
etkiyi biyolojik verim (p=0.2472 , % 46.56), yaparken,
bitki boyu (p=0.0266, %S5.1), protein orani (p=0.007,
%0.13) ve basaklanma giin sayismin (p=0.003,
%0.06) ise dolayli etkisi olumlu ancak etki paylan
diisiikk bulunmustur. Metrekarede bitki sayisinin tane
verimi lizerine diger karakterlerin dolayl etkisi ise
olumsuz yonde olmustur (Cizelge 4).

1000 tane agirliginin tane verimine dogrudan etkisi
(p=0.0718, % 26.23) olumlu ve yiiksek bulunmustur.
1000 tane agirhigr lizerinde tane veriminin dolayli
etkileri incelendiginde biyolojik verim (p=-0.1171,
%42.80) olumsuz ve etki paymin yiiksek oranda oldugu
goriilmiigtiir. Bagaklanma giin sayisi, bitki boyu ve
protein oranin ise dolayli etkileri olumsuz ve diisiik
oranda gergeklesmigtir. 1000 dane agirliginin tane
verimine dolayli etkisi bakimindan bagsak uzunlugu,
basakta tane sayisi, hasat indeksi ve erme siiresinin
etkisi olumlu ve etki pay1 diigiik olmustur (Cizelge 4).

Bagakta tane sayisinin tane verimine dogrudan
etkisi olumlu yonde ve etki pay:1 diisik (p= 0.0121,
%3.39) gergeklesmistir. Bagakta tane sayisi tizerinden
tane verimine olumsuz en yiiksek dolayli etkiyi
biyolojik verim (p=-0.1391, %38.92) yaparken, diger
karakterlerin (hasat indeksi, erme siiresi ve protein
orant) dolaylt etkileri olumlu ancak etki payr diistik
yonde tespit edilmistir (Cizelge 4).

Hasat indeksinin tane verimine dogrudan
etkisi olumlu yonde ve etki pay1 disiik (p= 0.0027,
%2.63) gerceklesmistir. Hasat indeksi iizerinden tane
verimine olumsuz en yiiksek dolayli etkiyi biyolojik
verim (p=-0.0593, %57.98) yaparken, erme siiresi ve
protein oranin etki pay1 diisiik yonde tespit edilmistir

(Cizelge 4).

Cizelge 4’de goriildiigii gibi Path analizi sonucunda
erme siiresinin , tane verimi iizerine dogrudan etkisi
olumsuz (p=-0.0152) etki payr yiiksek (%21.14)
bulunmustur. Erme siiresi lizerinden tane verimine
olumlu en yiiksek dolayli etkiyi biyolojik verim
(p=-0.4798, %66.74) gdstermistir.
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Biyolojik verimin tane verimine dogrudan etkisi
olumlu yonde ve etki pay1 yiiksek (p=0.7493, %77.46)
tespit edilmistir. Protein orani ise olumsuz ve etki pay1
diisiik gerceklesmistir (Cizelge 4).

Caligmamizda tane verimi {izerine en yiiksek
dogrudan etkiyi metrekarede bitki sayisi, 1000 tane
agirligi ve biyolojik verim yaparken, olumsuz en
yiiksek etki payi ise erme siiresinde goriilmiistiir.

Bukonudadiger aragtirmacilarin yaptigi ¢aligmalarda
1000 tane agirliginin da tane verimine dogrudan etkisinin
olumlu oldugu, ancak 2. ve 3. dereceden etkili oldugunu
bildirmislerdir (Bhat, 1972). Tahillarda tane verimine tek
bagak verimi ve bin tane agirliginin dogrudan etkisinin
yiiksek oldugunu, bu seleksiyonda bu &zelliklerin ana
0ge olarak ele alinmasi gerektigini belirtmektedir. Benzer
sekilde Monouchehr (2006), arpada tane verimi {lizerine
en yiksek dogrudan etkiyi basaktaki tane sayisinin
yaptigmi1 ve 1000 tane agirligi ile metrekarede basak
say1sinin etkisinin ise pozitif yonde oldugunu bildirmistir.

Baser et al. (2005) bugdayda bitki boyunun tane verimi
iizerine dogrudan etkisi diger ozelliklere gore daha
diisiik oldugunu, fakat bu 6zelligin tane verimi ile ikili
iligkisinin 6nemli oldugunu tespit etmislerdir. Acevade
(1987), tahillarda tane verimi ile bitki boyu arasinda
olumlu ve onemli ikili iligki oldugunu bildirmistir.
Ekmeklik bugday ve tir bugdayinda yapilan path analizi
¢aligmalarinda tane verimi iizerine en yiiksek dogrudan
etkiyi metrekarede basak sayis1 ve bagaktaki tane
sayisinin yaptigini, tane agirh@inin etkisinin ise diistik
diizeyde oldugu arastiricilar tarafindan vurgulanmigtir
(Fonseca ve Patterson, 1968; Sonmez ve ark., 1999).
Puri et al. (1982) ve Kirtok ve Colkesen (1985). Arpada
bagaktaki tane sayisi ve tane agirliginin tane verimine
etkisinin diger verim 6gelerinden daha yiiksek oldugunu
bildirmektedirler. Blue et al., (1992)’nin yapmus olduklari
calismalarda arpada verim Ogelerinin tane verimine
dogrudan etki diizeylerinin yillara gore degisebildigini
bildirmektedirler. Bu farkliliklar arastirma yerlerinin
ekolojik Ozelliklerinden, uygulanan yontemler ve
kullanilan g¢esitlerden kaynaklanmis olabilir.

Cizelge 4. Tritikale’de tane verimi iizerine degisik karakterlerin dogrudan ve dolayl: etkilerine iligkin path katsayilar1 ve katki paylari

D(é%ﬁg?n Dolayl etkiler

Ozelikler Tane Verimi MBS BTA BU BGS BTS BB Hi ES BV PO
0.1901 -0.0206 -0.0198 0.0003 -0.0071 0.0266 -0.0002 -0.0184 0.2472  0.0007

MBS 35.79 3.89 372 0.06 1.33 5.01 0.05 3.46 46.56 0.13
0.0718 -0.0547 0.0191 -0.0002  0.005 -0.0007 0.0 0.005  -0.1171  -0.0001

BTA 26.23 19.97 6.99 0.06 1.82 0.25 0.02 1.84 42.80 0.02
0.0459 -0.0819  0.0299 -0.0017  0.0052 0.0128 -0.0001 0.1068  0.1608 -0.0011

BY 10.28 18.36 6.71 0.38 1.16 2.88 0.01 23.93 36.04 0.25
0.0023 0.0281  -0.0047 -0.0332 -0.0024 -0.0228 0.0002 -0.1507 -0.4564  0.0009

Bas 0.33 4.01 0.67 4.73 0.34 3.25 0.02 21.48 65.05 0.14

0.0121 -0.1113  0.0295 0.0196 -0.0005 -0.0203 0.0002 0.0248 -0.1391 0

BTS 3.39 31.15 827 547%  0.13 5.67 0.06 6.94 38.92 0.01
0.0686 0.0737 -0.0007 0.0086 -0.0008 -0.0036 -0.0003  0.0534  0.3508  -0.0004

BB 12.23 13.14 0.13 1.53 0.14 0.64 0.06 9.52 62.54 0.08
. 0.0027 -0.0169 -0.0012 -0.0011 0.0001  0.001 -0.0085 0.0106  -0.0593  -0.0009

i 2.63 16.57 1.16 1.07 0.14 0.95 8.31 10.32 57.98 0.87
0.152 0.023  -0.0024 -0.0322 0.0023 -0.002 -0.0241 0.0002 -0.4798  0.001

kS 21.14 3.20 0.33 4.48 0.32 0.27 3.35 0.03 66.74 0.14
0.7493 0.0627 -0.0112 0.0098 -0.0014 -0.0022 0.0321 -0.0002 0.0973 -0.0009

BY 77.46 6.48 1.16 1.02 0.15 0.23 3.32 0.02 10.06 0.09

PO 0.0069 0.0182 -0.0007 -0.0075 0.0003 -0.0001 -0.0044 -0.0003 -0.0219 -0.0966
4.42 11.6 0.42 476 0.20 0.03 2.81 0.22 13.97  61.57
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Tritikale (X Triticosecale Wittmack) Cesitlerinde Ozellikler Arasi Iliskiler ve Path Analizi

Tabloda birinci satirdaki rakamlar path katsayisini,
ikinci satirdaki rakamlar ise path katsayilarinin % katki
paylarini ifade etmektedir

SONUC

Van  cekolojik  kosullarinda  yapilan  bu
arastirmada,”Path” katsayisi analizi verim ve verim
unsurlarmin  degisik fenolojik donemler arasindaki
karmagsik ve dinamik iligkileri daha iyi gormemize
yardimel olmustur. Arastirmada korelasyon katsayisi
esas alinarak yapilan degerlendirme ve yorumlarda
ortaya ¢ikabilecek hata ve yanilma pay1 “path” katsayis1
analizi ile giderilmistir. Elde edilen sonuclara gore;
tane verimi ile biyolojik verim, metrekaredeki basak
sayisi, 1000 tane agirligi, basak uzunlugu ve bitki boyu
arasinda olumlu ve o6nemli, basaklanma giin sayisi
arasinda ise olumsuz ve 6nemli iliskiler saptanmustir.
Yapilan path analizine gore; tane verimine en yiiksek
dogrudan olumlu etkiyi biyolojik verim, metrekaredeki
basak sayisi, 1000 tane agirlig1 yaparken, erme siiresi
etkisinin ise olumsuz ve yiiksek oldugu belirlenmistir.
Aragtirma sonuglara gore yiiksek tane verimi igin
metrekarede basak sayisinin fazla olmasina firsat veren
cesit-hatlara, ve yetistiricilik yontemlerine agirlik
verilmelidir. 1000 tane agirliginin, erme siiresi ile
dogrudan 6nemli ve olumsuz bir iliskiye sahip olmasi,
tane dolum doneminin bu iki karakter iizerinden tane
veriminin énemli bir belirleyicisi durumunda oldugunu
gostermektedir. Bu nedenle, yoredeki kislik tritikale
yetistiriciliginde 1000 tane agirligi, metrekaredeki
basak sayisi gibi Ozelliklerin seleksiyon kriteri olarak
ele alinip ¢esit ve hatlar {izerinde durulmasi 6nemli
diizeyde verim kazanglar1 saglayabilir. Ozellikle
erme sliresi ile tane verimi arasindaki olumsuz ve
onemli iliskiyi daha ilimli hale getirecek kiiltiirel ve
biyoteknolojik yollarin arastirilmasi tane agirligi ve
dolayisi ile verimin artirilmasi bakimindan etkili diger
bir yol olarak goriilebilir.
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Baz1 Arpa Genotiplerinin Diyarbakir ve Mardin Kosullarinda
Verim ve Kalite Parametrelerinin Incelenmesi

Ferhat KIZILGECI', Mehmet YILDIRIM?, Onder ALBAYRAK?, Cuma AKINCI?

OZET: Bu calismada bazi arpa genotiplerinin farkli lokasyonlarda verim ve verim bilesenlerinin incelenmesi
amaglanmistir. Arastirma, Diyarbakir lokasyonunda Dicle Universitesi Ziraat Fakiiltesi deneme alaninda ve Mardin
lokasyonunda 2014-2015 yetistirme sezonunda, tesadiif bloklar1 deneme desenine goére 4 tekrarlamali olarak
yiiriitiilmiistiir. Materyal olarak Dicle Universitesi Ziraat Fakiiltesi tarafindan gelistirilen 3 arpa hatt: ile ticari 2
arpa cesidi (Samyeli ve Altikat) ve ICARDA orjinli 5 arpa genotipi kullanilmistir. Calismada; tane verimi, SPAD
degeri, 1000 tane agirligi, nigasta miktari, hektolitre agirligi, protein orani, yaprak alan indeksi (YAI), vejetasyon
indeksi (NDVI) ve bitki sicakligi 6zellikleri incelenmistir. Yapilan birlesik varyans analiz sonucuna gore, tane
verimi, SPAD, Nisasta oran1, YAI ve bitki sicaklig1 6zellikleri lokasyona gore degisim gostermistir. Genotip etkisi
incelendiginde, SPAD degeri harig incelenen 6zelliklerin tiimiinde genotipik farkliliklarin etkili oldugu goriilmiistiir.
Tane verimi ve vejetasyon indeksi hari¢ incelenen 6zelliklerin tiimiinde genotip x lokasyon interaksiyonun etkili
oldugu belirlenmistir. Arpa genotiplerinde tane verimi 339.38 -701.80 kg da! , SPAD degeri 41.15-52.13, 1000 tane
agirhig1 30.15-51.82 g, protein oran1 % 12.27-16.32, nisasta oran1 % 59.52-63.10, hektolitre agirlig1 61.57-73.44 kg
hl', YA 1.425-6.000, vejetasyon indeksi 0.715-0.787 ve bitki sicaklig1 14.65-24.23 degerleri arasinda degismistir.
Vejetasyon indeksi ile hektolitre agirlig arasinda her iki lokasyonda da pozitif korelasyon belirlenmistir. IBY T-W-6
genotipinden elde edilen degerlere bakildiginda cesit aday1 olarak dne ¢iktig1 goriilmektedir.

Anahtar Kelimeler: Arpa, SPAD, vejetasyon indeksi, verim, yaprak alan indeksi

Investigation of Yield and Quality Parameters of Barley Genotypes
in Diyarbakir and Mardin Conditions

ABSTRACT: In this study was aimed to investigate the differences of yield and quality traits in two different
locations. Experiments were conducted in University of Dicle Faculty of Agriculture experiment field and Mardin
locations during 2014-2015 growing season. The experiment was arranged in accordance with a completely ran-
domized block design with four replications. Three barley lines which developed by University of Dicle, Faculty
of Agriculture, two commercial barley genotype (Samyeli and Altikat) and 5 barley genotypes which obtained
from the ICARDA were used as material. The traits of grain yield, SPAD value, thousand kernel weight, starch
content, test weight, protein content, leaf area index (LAI), normalized difference vegetation index (NDVI) and
plant canopy temperature were investigated in study. Grain yield, SPAD, starch content, LAI and plant canopy tem-
perature traits changed depend on location effects. Genotypic differences were found significant for all investigated
traits except SPAD value. Location x genotype interaction was found significant for all investigated traits except
grain yield and NDVI. The values ranged in genotypes between 339.38-701.80 kg da' in grain yield, 41.15-52.13
in SPAD, 30.15-51.82 g in thousand kernel weight, 12.27-16.32 % in protein content, 59.52-63.10 % in starch,
61.57-73.44 kg hl'! in test weight, 1.425-6.000 in LAI, 0.715-0.787 in NDVI and 14.65-24.23 in plant temperature.
Positive and significant correlation was obtained between NDVI and text weight in both location according to
correlation analysis. The genotype of IBYT-W-6 among advanced lines was determined as promising new cultivar
candidate according to own performance.

Keywords: Barley, leaf area index, SPAD, vegetation index, yield
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GIRIS

Diinya’da ilk kiiltiire alinan bitkilerden biri olan
arpa (Hordeum vulgare L.), genellikle hayvan yemi ve
maltendiistrisininhammaddesiolarak kullanilmaktadir.
Ulkemizde yaklasik 2.6 milyon hektar ekim alani ve
5.8 milyon ton iiretim miktar1 ile bugdaydan sonra
ikinci sirada yer almaktadir (TUIK, 2015). Giineydogu
Anadolu Bolgesinde yaklasik 420 bin hektar iiretim
alanindan 826 bin ton arpa elde edilmektedir.
Gilineydogu Anadolu bolgesi verim ortalamasi Tiirkiye
verim ortalamasindan diisiik olsa da, Diyarbakir
ilinin verim degeri Tiirkiye ortalamasindan ytiksektir
(TUIK, 2015). Giiniimiizde insan beslenmesindeki
yerini, bagta bugday olmak iizere diger tahillara
birakmig olan arpanin, halen baz1 boélgelerde % 8-10
oraninda bugday ununa karigtirildigr bilinmektedir
(Demirligakmak, 1992). Artan hayvan yemi ve
endiistriyel kullanim taleplerinin kargilanabilmesi
icin, bitki 1slahgilar1 tarafindan farkli bolgelere
uyumlu, marjinal kosullarda dahi yiiksek verim ve
kalite saglayacak yeni arpa genotipleri gelistirmeyi
amaglayan ve fizyolojik seleksiyon araclarinin dahil
edildigi 1slah programlar1 devreye sokulmustur. Farkl
cesitlerin degisen cevre kosullarina kars1 gosterdikleri
tepkiler de farkli olmaktadir (Sirat ve ark., 2012).
Biitiin ¢cevre kosullarina uyum saglayan bagka bir ifade
ile ¢cevre sartlarindan en az etkilenen stabil cesitlerin
gelistirilmesi 6nem kazanmaktadir. Arpanin bugdaya
nazaran daha erkenci olmasi, 6zellikle ikinci {riin
iiretimi yapan ¢iftciler i¢in tercih sebebi olmaktadir.
Ayni1 zamanda diisiik ve diizensiz yagis alan yerler i¢in
de arpa tercih edilecek bir bitki olmaktadir (Dogan
ve ark., 2014). Bu caligmada, Diyarbakir ve Mardin
kosullarinda farkli arpa genotiplerinin verim ve kalite
ozellikleri incelenerek bolgeye uygun genotip veya
genotiplerin belirlenmesi ve bazi fizyolojik o6l¢lim
araglarinin tane verimi ile iligkilerinin belirlenmesi
amaglanmistir.

MATERYAL VE YONTEM

Bu c¢alisma, 2014-2015 fiiretim sezonunda
Diyarbakir ili Dicle Universitesi Ziraat Fakiiltesi
deneme arazisi ve Mardin ili Derik ilgesi (¢iftci arazisi)
olmak tizere iki farkli lokasyonda yiiriitiilmiistiir.
Materyal olarak GAPUTAEM (GAP Uluslararasi

Tarimsal Arastirma ve Egitim Merkezi) tarafindan
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tescil edilmis Samyeli ve Altikat ¢esitleri, Dicle
Universitesi Ziraat Fakiiltesi tarafindan gelistirilen
DZ12-2, DZ7-07 ve DZ7-08 hatlar1 ve ICARDA
orijinli IBYT-LRA-24, IBYT-W-6, INBYT-PS, IBYT-
HI-4 ve INBYT-P24 genotiplerinin kullanildig:
calisma, tesadiif bloklar1 deneme desenine gore dort
tekrarlamali olarak yiiriitiilmiistiir.

Cizelge 1. Arastirmada kullanilan genotiplere ait bilgiler

Genotip Adi Basak yapisi
Samyeli 2 sirali
Altikat 6 Sirali
DZ12-2 2 sirali
DZ7-07 2 sirali
DZ7-08 2 sirali
IBYT-LRA-24 2 sirali
IBYT-W-6 2 siral1
INBYT-PS 6 Sirali
IBYT-HI-4 6 Sirali
INBYT-P24 6 Sirali

Deneme metrekareye 400 tohum gelecek sekilde
6 siral1 parsel ekim mibzeri ile 4.8 m?*( 1.2 m x 4 m)
parsel alanina Kasim ay1 igerisinde ekilmistir. Ekim
oncesi her iki lokasyonda da 6 kg da! saf azot (N) ve
fosfor (P,O,) gelecek sekilde 20.20.0 kompoze giibre
ile glibreleme yapilmistir. Bitkiler kardeslenme-sapa
kalkma donemlerinde iken st gibre olarak 6 kg
da'saf N hesabi ile % 33 N i¢eren amonyum nitrat
giibresi ile giibrelenmistir. Deneme alanlarinin toprak
Ozelligini belirlemek i¢in her iki deneme yerinden
0-30 cm derinliginden toprak oOrnekleri alinmistir.
Yapilan toprak analizi sonucuna gére deneme alaninin
toprak yapis1 killi-tinli biinyeli olup, pH degeri
7.5-7.6 arasinda hafif alkali, tuzluluk orani diisiik,
organik madde miktar1 ve fosfor bakimindan oldukga
diisiik, potasyum kapsami bakimindan ¢ok yiiksek
ve % 10.04-11.02 arasinda kire¢ icermektedir. Iklim
verilerine ait tablo incelendiginde, yagis miktar
yoniinden her iki lokasyona ait yagis miktarlar
uzun yillar ortalamalarina goére daha fazla oldugu
goriilmektedir. Deneme yilinda Mardin lokasyonu
Diyarbakir lokasyonundan daha fazla yagis almistir

(Cizelge 2).
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Cizelge 2. Aragtirmanin yiriitiildiigii lokasyonlara ait iklim verileri

Sicaklik Uzun Yagis Uzun Yillar Nem Uzun
Aylar Lokasyon 2014-2015 Yillar 2014-2015 Yagis 2014-2015 Yillar Nem
(°C) Sicaklik (°C)* (mm) (mm)* (%) (%)*
ki Diyarbakir 17.5 17.2 342 32.7 60.9 48.0
im
Mardin 19.7 18.7 50.2 233 42.8 43.2
Diyarbakir 8.5 9.5 97.6 54.1 70.2 66.0
Kasim
Mardin 11.5 12.8 112.9 30.2 50.8 64.4
Diyarbakir 6.6 4.0 73.4 71.0 87.9 76.0
Aralik )
Mardin 8.4 6.0 109.1 60.7 70.9 74.1
Ocak Diyarbakir 2.2 1.7 64.6 72.3 80.9 76.0
cal
Mardin 52 5.6 60.0 65.9 64.1 76.8
Diyarbakir 5.4 3.6 55.2 67.9 80.6 72.0
Subat )
Mardin 6.7 6.5 111.0 55.4 66.8 69.2
Mart Diyarbakir 8.3 8.3 127.0 64.7 74.6 65.0
a
Mardin 10.1 13.6 149.9 45.5 57.9 52.1
) Diyarbakir 12.4 13.8 48.6 69.1 70.0 63.0
Nisan
Mardin 14.5 16.1 46.3 40.9 51.0 44.7
Diyarbakir 18.7 19.2 48.2 42.2 58.1 55.0
Mayis .
Mardin 22.5 23.6 49.7 20.8 334 43.7
) Diyarbakir 26.0 26.0 7.4 7.8 36.1 35.0
Haziran
Mardin 28.5 28.1 3.7 0.9 242 28.6
Top/ort. Diyarbakir 11.7 11.5 556.2 481.8 68.8 61.8
Top/ort. Mardin 14.1 14.6 692.8 343.6 51.3 55.2
*1974-2013 yillarina ait ortalamalardir.
incelenen Ozellikler ve Yontemleri Yaprak alan indeksi: Bitkiler basaklanma

Tane verimi: Parsel bicerdoveri ile yapilan hasat
harman sonucu elde edilen arpa tanelerinin tartilmasi
ve elde edilen verimin dekara ¢evrilmesi sonucu dekara
kg olarak tespit edilmistir.

SPAD olciimii: Bitkiler tane dolum doneminde
iken rastgele secilen 10 bitkinin bayrak yapraginin
orta damara gelmeyecek sekilde tam orta kisimlari,
bitkilerin klorofil miktarin1 6l¢gmeye yarayan SPAD-
502 Plus (Minolta SPAD-502, Osaka, Japan) cihazi ile
oOlciilerek, SPAD birimi cinsinden belirlenmistir.

Protein orami, nisasta miktar1 ve hektolitre
agirh@r: Bu oOzellikler taneler 6gilitme islemine tabi
tutulmadan NIT System Infratec 1241 Grain Analyzer
(Foss, Hillerod, Danimarka) cihaziyla Olgiilerek
belirlenmistir (Osborne, 2006; Silva ve ark., 2008).

Bin tane agirhg:: Tane sayma makinesi ile sayilan
4 adet 100’er tohum tartilarak ortalamalar1 alinmis, 10
ile ¢arpilarak bin tane agirligi belirlenmistir.
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doneminde iken LAI-2000 (LI-COR, Lincoln, NE) ile
Olciilmiistiir.

Vejetasyon indeksi (NDVI): Bitkiler basaklanma
doneminde iken elle taginabilen, kullanimi1 kolay
0.0-0.99 degerleri araligmda Ol¢iim yapan Trimple
Greenseeker ile dl¢lilmiistiir.

Bitki sicakhigi: Bitkiler basaklanma doneminde
iken Rothenbenger hassas-kizilétesi termometre ile
olgiilmiistiir. Olciimler, Fisher ve ark. (1998)’nin
uyguladigi metoda benzer olarak, yatayla 30° ac1
yapacak sekilde parselin orta kisminda bitki boyunun
50 cm flzerinden ogleden sonra, agik ve riizgarsiz
havada 6l¢tilmiistiir.

Elde edilen verilerin varyans analizi MSTAT-C
istatistik analiz programi ile yapilmis, farkli ¢ikan
parametrelerde LSD ¢oklu karsilasgtirma  testi
uygulanmistir. Incelenen 6zelliklerin korelasyon analizi
SPSS-Statistics-21 istatistik programu ile yapilmistir.
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BULGULAR VE TARTISMA

Tane verimi: Tane verimi yOniinden varyans
analizi incelendiginde lokasyon ve genotipler arasinda
onemli farklilik oldugu goriiliirken, lokasyon x genotip
interaksiyonun Onemsiz oldugu goriilmiistiir (Cizelge
3). Tane verimi Diyarbakir’da 339.38-543.27 kg da’!,
Mardin’de 414.38-701.80 kg da' arasinda degisim
gostermistir  (Cizelge 4). Lokasyon ortalamalar
incelendiginde, Mardin lokasyonunda (540.52 kg da™!)
Diyarbakir lokasyonuna (462.59 kg da') gore daha

bilinmektedir. Calismamizda da beklenildigi gibi tane
verimi yoniinden farkliliklar goriilmiistiir. Diyarbakir
ve Mardin lokasyonlarindaki tane verimindeki
farkliliklarin  toplam yagis miktarindaki farktan
kaynaklandig1 diisiiniilmektedir. Tane verimi iizerine
Yagbasanlar ve ark. (1997) cesitlerin, Kiling ve ark.
(1992), Oztiirk ve ark. (1997) yillarm ve genotiplerin,
Bozkurt ve Tugay (1999) degisik cevre kosullarinin
etki gosterdigini bildirmektedirler. Genotipler arasinda

en yiiksek tane verimi Mardin lokasyonunda Altikat

yiiksek tane verimi elde edilmistir. Lokasyon ve yil gibi ~ ¢esidinde  Diyarbakir  lokasyonunda INBYT-P8
cevresel varyasyonlarin arpada tane verimini etkiledigi  genotipinde belirlenmistir (Cizelge 4).
Cizelge 3. Tane verimi, fizyolojik 6zellikler ve bazi kalite parametrelerine ait varyans analiz tablosu
Kareler Ortalamasi

Varyasyon . Protein

TV SPAD BTA Nigasta HA YAI VI BS
Kaynaklari orant
Lokasyon 1 121 471 * 166.17 * 2.1 29.13 #** 0.553 2.329 157.725 *** 0.002 1149.13 **
Hata 6 15268.7 24.94 246.48 0.587 9.537 0.764 0.199 0.002 79.513
Genotip 9 40556.4 *** 14.99 160.31 ** 4278 *** 110.56 ** 11.1 *** 2.21 *¥**% 0.002 * 5.338 **
Gen.xLok 9 7170.73 33.18 * 34706 * 0.621 ** 16.337 *** 0.412 * 2.728 *** 0.001 4299 **
Hata 54 6296.36 12.08 15.628 0.214 3.438 0.176 0.239 0.001 1.281
DK % 15.82 7.4 9.41 0.76 2.74 2.88 14.17 3.88 5.8

*P<0.05,%* P< 0.01 ,*** P< 0.001 seviyesinde 6nemlidir. TV:tane verimi, BTA:bin tane agirlig1, HA: hektolitre agirlig1, YAl:yaprak alan indeksi,

Vi:vejetasyon indeksi, BS:bitki sicaklig1

SPAD degeri: Yapraklarin toplam klorofil miktarini
temsil eden ve SPAD 502 cihaziyla ol¢iilen SPAD
degerlerine ait birlestirilmis varyans analiz tablosu
(Cizelge 3) incelendiginde, SPAD degeri bakimindan
lokasyon ve lokasyon x genotip interaksiyonunun dnemli
farkliliklar olusturdugu, genotipler arasi farkliliklar ise
onemsiz oldugu goriilmektedir. Pagola ve ark. (2009)
gevre ve genotip farkliliklarinin 6nemli, genotip X ¢evre
interaksiyonunun O6nemsiz oldugunu bildirmislerdir.
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SPAD degeri Mardin’de 45.33-52.13, Diyarbakir’da
41.15-48.88 arasinda degistigi goriilmiistiir (Cizelge
4). Genotiplerin SPAD degerlerine ait ortalamalar
incelendiginde en yiiksek SPAD degeri Mardin
lokasyonunda IBYT-HI-4 genotipinde Diyarbakir’da
ise IBYT-LRA-24 genotipinde elde edilmistir (Cizelge
4). Lokasyon ortalamalar1 incelendiginde Mardin
lokasyonunun (48.44) Diyarbakir lokasyonundan
(45.56) daha yiiksek degere sahip oldugu belirlenmistir.
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Bin tane agirhigi: Bir ¢ok gen tarafinda kontrol
edilen bin tane agirligi, cesit ve yilin ekolojik
kosullarina gore degisim gosteren bir Ozelliktir
(Johnson ve ark., 1988; Colkesen ve ark., 1994). Bin
tane agirligina ait varyans analizi incelendiginde
lokasyon x genotip interaksiyonu ve genotipler arasi
onemli farklilik ortaya ¢ikmistir. Lokasyonlar arasi
farkliliklarin bin tane agirlig1 iizerine istatistiki
olarak etkisinin olmadigi saptanmistir (Cizelge 3).
Bin tane agirligina ait ortalamalar incelendiginde,
Mardin’de 30.15-51.82 g ve Diyarbakir’da 36.30-
47.19 g arasinda degerler ald1g1 goriilmiistiir (Cizelge
4). Bin tane agirlig1 yoniinden lokasyon ortalamalari
karsilastirildiginda Diyarbakir (42.17 g) ve Mardin
lokasyonu (41.85 g) benzer bulunmustur. Genotiplere
ait ortalamalar incelendiginde en yiiksek bin tane
agirligr degeri her iki lokasyonda da INBYT-P24
genotipinden elde edilmistir (Cizelge 4). Bin tane
agirligi tizerine ¢evresel ve gesit etkilerinin etkili
oldugu bilinmektedir. Calismamizda da cesitlerin
bin tane agirlig1 degerleri farklilik gostermistir.

Protein orani: Protein orani ve bilesimi malt
kalitesinde 6nemli bir rol oynamaktadir Swanston ve
ark., 1997; Wang ve ark., 2007). Maltlik arpada
% 9.5-11.5 olmas1 6nemli iken (Gali ve Brown,
2000), yemlik arpada bu degerin yiiksek olmasi
istenmektedir. Cizelge 3 incelendiginde lokasyon
X genotip interaksiyonu ve genotiplerin 6nemli
farklilik  olusturdugu lokasyonlarin ise
o6nemsiz oldugu ortaya ¢ikmaktadir. Protein orani
Diyarbakir’da %12.27-16.11, Mardin’de %12.92-
16.32 arasinda degisim gostermistir(Cizelge 4).
Lokasyon ortalamalari mukayese edildiginde
Diyarbakir lokasyonu (% 14.41) ile Mardin
lokasyonu (% 14.75) protein orani yoniinden benzer
degere sahip olmustur. Protein orani bakimindan
genotipler incelendiginde, DZI12-2 genotipinin
Diyarbakir (% 16.11) ve Mardin lokasyonunda (%
16.32) en yiiksek protein oranina sahip oldugu
goriilmiistiir. Fox ve ark. (2003), tahillarda protein
oraninin ¢esit ve ¢evre faktdrlerine gore degistigini
bildirmistir.

ancak

Yaprak alan indeksi: Fotosentez olayinin
biiylik ¢ogunlugunun gerceklestigi yapraklarin
1gsiktan yararlanma orani yaprak alan indeksi ile
yakin iligkilidir. Yapraklarin alan indeks degerlerine
ait varyans analiz tablosu (Cizelge 3) incelendiginde,
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YAI degeri bakimindan lokasyon, genotipler arasi
fakliliklar ve lokasyon x genotip interaksiyonu
icin istatistiki olarak ¢ok onemli farkliliklar ortaya
cikmistir. YAI degerinin Mardin’de 3.068-6.000,
Diyarbakir’da 1.425-3.075 degerleri arasinda
degistigi gorilmistiir (Cizelge 4). Genotiplerin
YAl degerlerine ait ortalamalar incelendiginde
en yiiksek YAI degeri Mardin lokasyonunda
Altikat genotipinde, Diyarbakir’da ise IBYT-HI-4
genotipinde elde edilmistir. Lokasyonlar ortalamasi
incelendiginde Mardin lokasyonunun (4.853)
Diyarbakir lokasyonundan (2.045) daha yiiksek
degere sahip oldugu belirlenmistir. Yaprak alan
indeksi tlir ve ¢eside gore degisim gdstermekle
birlikte bitkinin gelisim donemlerine gore farklilik
gOstermektedir.

Miijdeci ve ark. (2005) tane veriminin yaprak
alan indeksi ile yakin iligkili oldugunu bildirmistir.

Nisasta miktar1: Endospermde bol miktarda
bulunan nisasta bileseni tohum agirliginin yaklasik
olarak % 60’11 igermektedir. Arpanin nisastaca
zengin olmasi, maltin ekstrakt verimini artirmaktadir.
Tanedeki kuru maddenin biiyiilk kisminit nisasta
olusturdugundan nisasta igeriginin yiksekligi,
ekstrakt iceriginin de yiiksekligini gostermektedir.
Nigasta miktarina ait varyans analiz sonuclari
Cizelge 3’te verilmistir. Cizelge incelendiginde
lokasyon, genotipler aras1 fakliliklar ve lokasyon
x genotip interaksiyonu igin istatistiki olarak c¢ok
onemli farkliliklar ortaya ¢ikmistir. Nigasta miktarina
ait ortalama degerler (Cizelge 4) incelendiginde
Diyarbakir lokasyonunun (% 61.56) Mardin
lokasyonuna (% 60.36) gore nisasta miktarinin daha
yiksek oldugu goriilmiistiir. Genotip ortalamalari
incelendiginde, en yiiksek nisasta miktar1 Diyarbakir
(% 63.10) ve Mardin (% 61.61) lokasyonunda IBYT-
HI-4 genotipinden elde edildigi goriilmiistiir. Tanede
nisasta birikmesi yliksek nem orani ile yakin iliskidir.
Diyarbakir lokasyonunda basaklanma dénemindeki
nem oranin Mardin lokasyonuna gore yliksek olmasi
nisasta miktar1 lizerine etki saglamistir. Kendal
(2013), nisasta miktarinin cevre sartlarina bagl
olarak degisebilecegini bildirmistir.

Hektolitre agirhgr: Hektolitre agirligma ait
varyans analiz sonuclar1 Cizelge 3’te verilmistir.

Cizelge incelendiginde lokasyon x genotip
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interaksiyonu ve genotiplerin ¢ok 6nemli farklilik
olusturdugu, ancak lokasyonlarin 6nemsiz oldugu
ortaya ¢ikmaktadir. Cizelge 4 incelendiginde, Mardin
lokasyonu (67.72 kg hl'") ve Diyarbakir lokasyonuna
(67.56 kg hl'!) ait hektolitre agirliklar1 ortalamalari
benzer olmustur (Cizelge 4). Genotipler arasindaki
fark incelendiginde ise IBYT-LRA-24 (73.44 kg hl’
" ve DZ7-07 (72.42 kg hl') hektolitre agirliklar:
ile en yiiksek gruba girmislerdir. Hektolitre agirlig
bakimindan elde edilen sonuglar, Kendal (2013)’1n
bildirdigi sonuglarla benzer bulunmustur. Genotip
ve lokasyon x genotip interaksiyonunun oOnemli
bulunmasi, hektolitre agirliginin ¢eside, c¢evre
etkilerine, tane 6zelliklerine bagh olarak degistigini
bildirilen arastiricilarin (Kiin, 1996; Karadogan ve
ark., 1999) bulgulari ile iligkilendirilmigtir.

Vejetasyon indeksi (NDVI): NDVI cesitli
biiyiime faktorlerinin biiyiime {izerinde birlesik

etkisinin  Olgiilmesi  olarak  disiinlilmektedir.
Dolayisiyla bir genotipin NDVI’nin yiiksek olmasi
o bitkinin saglikli oldugunu gostermektedir.

Vejetasyon indeksi i¢in Genotipler arasi farkliliklar
%35 diizeyinde 6nemli iken lokasyon ve lokasyon
x genotip interaksiyonu Onemsiz bulunmustur
(Cizelge 3). NDVI ortalamalar1 Diyarbakir
lokasyonunda 0.715-0.787, Mardin lokasyonunda
0.727-0.763 degerleri arasinda degisim gostermigtir
(Cizelge 4). Diyarbakir ile Mardin ortalamalar
benzer bulunmustur. Genotip ortalamalarinda IBYT-
HI-4 genotipi 6n plana ¢ikmistir. Bugdayda NDVI
ve tane verimi arasinda 0.5 ve 0.66 korelasyon (R?)
bildirilmesine ragmen (Rudorff ve Batista, 1990;
Wiegand ve Richardson, 1990), bu ¢aligmada iliski
belirlenememistir.

Bitki sicakhigi: Bitki sicakligina ait varyans
analiz tablosu incelendiginde lokasyon, genotipler
arasi fakliliklar ve lokasyon x genotip interaksiyonu
igin istatistiki olarak onemli farkliliklar goriillmiistiir
(Cizelge 3). Bitki sicakligi ortalamalar1 Mardin’de
14.65-18.77, Diyarbakir’da 22.30-24.23 degerleri

(Cizelge 4).
degerlerine  ait

arasinda  degistigi
bitki
ortalamalar incelendiginde en yiiksek bitki sicaklig
degeri Mardin lokasyonunda Altikat genotipinde
Diyarbakir’ da ise INBYT-P8 genotipinde elde
edilmigtir (Cizelge 4). Lokasyonlar ortalamasi

incelendiginde Diyarbakir lokasyonunun (23.295)

goriilmiistiir

Genotiplerin sicakligi
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Mardin lokasyonundan (15.715) daha yiiksek bitki
sicakligina sahip oldugu belirlenmistir. Genotipler
arasinda bitki sicakligi degerinin kiiciik olmasi
bitkilerin kendilerini iyi serinlettiklerini, tersi durum
ise sogutamadiklarini gostermektedir. Ayeneh ve ark.
(2002) ekmeklik bugdaylarda siit olum déneminde
Olciilenbitkisicakligidegeriile verim arasinda 6nemli
iligski bildirirken, bizim ¢alismamizda tane biiyiime
doneminde yapilan OSl¢limle iliski bulunmamistir.
Buna karsin genel literatiir bildirimlerinden farkli
olarak, en yiiksek tane veriminin alindigi Altikat
ve INBYT-P8 genotiplerinin bitki sicakligi degeri
oldukga yiiksek bulunmusgtur.

Incelenen Ozellikler Arasindaki Iliskiler

Mardin
arasinda

Genotiplerin, Diyarbakir ve

lokasyonlarinda incelenen o6zellikler

iligkileri Cizelge 5’te verilmistir.

Diyarbakir lokasyonunda vejetasyon indeksi
ozelligi YAI, nisasta oran1 ve hektolitre agirhig ile
pozitif ve %5 seviyesinde dnemli, bin tane agirligi ile
%5 seviyesinde olumsuz 6nemli iligki belirlenmistir.
YAI ve hektolitre agirligi arasinda olumlu ve dnemli
(p<0.05) iliski bulunmustur. Protein orani hektolitre
agirligi ile olumlu ve ¢ok 6nemli (p<0.01) ve bin
dane agirlig ile pozitif %5 seviyesinde onemli iliski
belirlenmistir. Mardin lokasyonunda tane verimi
ile YAI arasinda olumlu ve 6nemli (p<0.05) iliski
bulunmustur. Bin tane agirliginin bitki sicakligi
ve SPAD ile %S5
iligkisi belirlenmistir. Protein orani, SPAD ve tane

seviyesinde olumlu Onemli

verimi ile olumsuz ve oOnemli iliski gdstermistir.
Her iki lokasyonda incelenen bitki sicakligr ile
hektolitre agirligi arasinda %5 diizeyinde olumlu
ve tane verimi ile protein orani arasinda olumsuz
ve Onemli iligkiler bulunmustur. Arpada nisasta ile
protein arasinda negatif bir iligki bulunmaktadir.
Protein igeriginin yiiksek olmasi, nisasta igerigini
dolayisiyla ekstrakt ve bira verimini diislirdigi
bildirilmektedir (Engin 1989). Dolayisiyla her iki
lokasyonda da elde edilen protein orami degerleri
trtiniin maltlik olarak kullanimi i¢in yiiksektir. Her
iki lokasyonda da protein ile tane verimi arasinda
olumsuz iliski belirlenmistir. Bu iliski Gonzales-
Ponce ve ark. (1993) ve Oztiirk ve ark. (1997)
bulgulari ile paralellik géstermistir.
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Cizelge 5. Diyarbakir ve Mardin lokasyonlarinda incelenen 6zelliklere ait korelasyon katsayilari

Tane Bin tane Nisasta | Hektolitre ' Vejetasyon
verimi SPAD agirhgr | Protein orani1 | miktari agirhig YAI indeksi
Diyarbakir Lokasyonu
SPAD 0.288
Bin tane agirlig -0.146 | -0.199
Protein oram -0.351* | 0.100 0.392*
Nigasta miktari 0.221 0.123 -0.543** | -0.296
Hektolitre agirlig: -0.148 | 0.143 -0.025 0.605** 0.259
Yaprak alan indeksi -0.009 |0.023 -0.379* -0.032 0.300 0.339%*
Vejetasyon indeksi 0.177 0.120 -0.342% 0.157 0.395% 0.344* 0.415%%*
Bitki sicaklig1 0.307 0.191 0.002 -0.159 -0.068 -0.056 0.093 0.142
Mardin Lokasyonu
SPAD 0.141
Bin tane agirlig -0.084 0.364*
Protein oran -0.516%* | -0.389* |-0.196
Nigasta miktari 0.312%* 0.018 0.078 -0.586**
Hektolitre agirligi -0.412*%* | -0.230 |0.202 0.118 0.468**
Yaprak alan indeksi | 0.325%* 0.228 -0.026 -0.131 -0.188 -0.238
Vejetasyon indeksi | -0.343* -0.266 |0.168 0.099 0.020 0.313* -0.035
Bitki sicakligt 0.126 0.145 0.380* -0.064 -0.043 -0.046 0.174 -0.04
*P< 0.05,** P< 0.01 seviyesinde dnemlidir.
SONUC KAYNAKLAR

Diyarbakir ve Mardin lokasyonlarinda 2014-
2015 yilinda yiriitiilen ¢aligma sonucunda; Vejetasyon
indeksi ile hektolitre agirligi arasinda her iki lokasyonda
ortaya ¢ikan pozitif korelasyon, saglikli bitki gelisimini
temsil eden vejatasyon indeksinin saglikli ve iri tane
gelisimiyle sonucglandigini ortaya koymaktadir.

Nisan ve Mayis aylarinin serin gegmesi, toplam
yagisin yiikksek olmasive alti sirali arpalarin iki
siral1 arpalara kiyasla uygun kosullarda daha yiiksek
verim potansiyeline sahip olmasi nedenleriyle tane
verimi alt1 siralilarda daha yiiksek bulunmustur. Bu
sonuglar iki sirali arpalarin su stresli arpa yetistirme
alanlarinda ve alt1 siral1 arpalarin yiiksek yagis alan
bolgelerde goreceli olarak daha uygunolabilecegini
ortaya koymaktadir. Buna karsin iki sirali IBYT-W-6
Mardin
lokasyonlarinda yiiksek verim ve kalite yoniinden

genotipinin hem Diyarbakir hem de

basarili bir sekilde yetistirilebilecegi ve ¢esit aday1
olarak degerlendirilebilecegi 6ngoriilmektedir.
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Giresun Ekolojik Kosullarinda Baz1 Misir Cesitlerinin Tane
Verimi ve Verim Ogelerinin Belirlenmesi*

Nuri YILMAZ', Emir HAN?

OZET: Bu calisma, baz1 musir gesitlerinin tane verimi ve verim ogelerinin belirlenmesi amaciyla 2015 yilinda
Giresun ili Bulancak Ilgesi ekolojik kosullarinda yiiriitiilmiistiir. Calismada bitki materyali olarak TK 6063, Calcio,
Hido, Everest, Carella, Cadiz, Sagunto ve Tavascan olmak {izere toplam sekiz ¢esit misir kullanilmistir. Caligma
tesadiif bloklar1 deneme desenine gore ii¢ tekerriirlii olarak kurulmustur. Calismada kogan boyu 19.76-23 cm,
kogan ¢ap145.33-48.86 mm, koganda sira sayisi 14.8-18.13 adet, sirada tane sayist 32.73-37.4 adet, bin tane agirligi
184.6-249.04 g, tane verimi 655-975 kg da*! arasinda degismistir. Cesitler arasinda kogan boyu, koganda sira sayis,
bin tane agirlig1 ve tane verimi bakimindan istatistiksel olarak énemli farklar elde edilirken, kocan cap1 ve sirada
tane sayis1 bakimindan istatistiki agidan fark bulunmamistir. En fazla dekara tane verimi Tavascan (975 kg), Carella
(900kg), TK 6063 (881 kg), Sagunto (839 kg), Cadiz (826 kg) ve Everest (801 kg) cesitlerinden alinmustir.

Anahtar Kelimeler: Misir, tane verimi, verim dgeleri

The Determination of Grain Yield and Yield components of Some
Maize Cultivars under Giresun Ecological Conditions

ABSTRACT: This study was carried out in order to determine the grain yield and yield components of some
maize cultivars under Giresun province Bulancak district ecological conditions in 2015. In the study; TK6063,
Calcio, Hido, Everest, Carella, Cadiz, Sagunto and Tavascan were used as eight maize cultivars as plant materials.
The study was established with “Randomized Complete Block Designed” with three replications. In the study ear
height varied from 19.76 to 23.00 cm, ear diameter from 45.33 to 48.86 mm, number of kernels per ear from 14.8
to 18.13 piece, ranked grain number from 32.7 to 37.4 piece, thousand grain weight from 184.6 to 249.0g, grain
yield from 655 to 975 kg da’'. In the study, statistically significant differences were found among cultivars in the
ear height, number of kernels per ear, thousand grain weight and grain yield. The differences of ear diameter and
ranked grain number were found as statistically insignificant. In the study, the highest grain yields were determined
in the cultivars of Tavascan (975 kg), Carella (900kg), TK 6063 (881 kg), Sagunto (839 kg), Cadiz (826 kg) and
Everest (801 kg) respectively.

Keywords: Maize, grain yield, yield components
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Nuri YILMAZ ve Emir HAN

GIRIS

Bugdaygiller
Maydeae oymagina giren muisir, tahillar igerisinde
diinyada en yiiksek verimi gdsteren, giines enerjisini

(Gramineae) familyasinin

en iyi kullanabilen (C4 bitkisi) ve birim alandan en
fazla kuru madde iiretebilen bir bitkidir (Kirtok,
1998). Kendisinden sonra ekilen bitkinin verimi,
genellikle ekim noébetine giren diger tahillara gore
daha yiiksektir. Ana iiriin ve ikinci iiriin olarak
ilkemizde bir¢cok yerde yetistirilebilir (Vartanli,
2000).

Misir bitkisinin ¢esit zenginligi, adaptasyon
kabiliyetinin yiikksek olmasi ve yiiksek verim
potansiyeli gibi faktorler nedeniyle yeryiiziinde
genis bir yayilma alani bulmustur (Yasak ve ark.,
2003, Alan ve ark., 2005). Misir diinya tahil ekim
alanlar1 icinde bugdaydan
almakta olup, iiretim miktar1 bakimindan birinci

sonra ikinci sirayi
stradadir. Diinya misir iiretimi FAO verilerine gore
2014 yilinda 183.3 milyon hektarlik ekilis alaninda,
1.02 milyar ton {iiretime ulagsmis olup verim 557
kg da'’dir. Diinyada tarimi giderek artmaktadir

(Anonim, 2016).

Ulkemizde tane musir iiretimi TUIK verilerine
gore 2014 yilinda 655 662 hektarlik ekilis alaninda
5.95 milyon ton iiretime sahip olup, verim 907 kg
da’’dir. Giresun ilinde tane misir iretimi 2014
yilinda 33 271 da ekilis alaninda 5 716 ton {iretime
sahip olup, verim 172 kg da'’dir (Anonim, 2015a).
Ulkemizde misir daha g¢ok tane iiretim amaciyla
yetistirilmekle birlikte son yillarda, 6zellikle siit
hayvanciliginin gelismekte oldugu bdlgelerde silaj
bitkisi olarak da énemi giderek artmaktadir (Iptas
ve ark., 2002).

Ulkemizde son donemlerde birim alan veriminin
yiksekligi ve silaj yapimina uygunlugu nedeniyle
mistr iretimi yayginlagsmistir. Misir insan ve hayvan
beslenmesinde oldugu kadar endiistriyel olarak da
oldukca genis bir alanda kullanilmaktadir. Diinyada
iretilen misirin % 19°u
(dogrudan tiiketim), % 64’1 hayvan yemi olarak,
% 8.5’it mamul gida (dolayli tiketim), % 3.1°i
oteki tiiketimler ve % 0.25°1 de tohumluk olarak
(Emeklier, 2002). Ulkemizde
genelde yetistirilen misir varyete gruplari at disi,

insan beslenmesinde

kullanilmaktadir
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sert, cin ve seker misirlardir. Tiirkiye’de endiistriyel
tarim driinlerinin en Onemlilerinden biri olan
misirin ekonomik 6nemi giin gectikge artmaktadir.
Bu gelismeye paralel olarak, misir iiriiniine

olan talepte artmaktadir. Vejetasyon siiresinin
kisa oldugu i¢c bolgelerimizde ve sekerpancari
ekilislerinin azaldigi alanlarda, misir ekim alanlari
son iki yil icinde iig-dort kat artis gostermistir.
Bunun i¢in, kullanilacak tohumluklarin erkenci ve
yiksek verimli ¢esitler olmasinin yani sira, hasat
neminin de diisiik olmas1 gereklidir. Ayrica, kolayca
depolanabilmesi ve 6zellikle fazladan bir kurutma
maliyeti olusturmamasi i¢in erkenci ¢esitler oldukca

onemlidir (Vartanli, 2006).

Artan gereksinim karsisinda piyasaya pek ¢ok
yeni ¢esitlerin girmesi, mevcut cesitlerle birlikte
bu ¢esitlerin de yorelere uygunlugunun denenmesi
sonucunu ortaya koymaktadir. Giresun’da bu
gline kadar konu ile ilgili yapilmis bir calisma
bulunmamaktadir. Ciftciler baska bolgelerde
denenmis olan ¢esitler ile kendi yerel genotiplerini

kullanmaktadirlar.

Bu calisma ile bazi misir ¢esitlerinin tane

verimleri ve verim dOgelerinin  belirlenmesi
amaclanmistir. Calisma ile Giresin ili Bulancak
IIgesi ekolojik kosullarina uygun misir gesitlerinin
belirlenerek iiretici ve tiiketicinin taleplerine uygun,
verim ve kalitesi yliksek ¢esitlerin Onerilmesi,
ileride yapilacak olan bilimsel ¢alismalara 1s1k
tutmak hedeflenmektedir. Giresun ilinde yapilan
muisir iretiminde tane verimi lilkemiz ortalamasinin
oldukcgaaltindadir. Bununnedenleriisebdlgeyeuyum
saglayan gesitlerin belirlenmemis olmasi, yetigtirme
teknikleri ile ilgili bilimsel ¢alismalarin yapilmamais
olmasi, c¢iftcilerin geleneksel yetistiricilikten
vazgecememesi ve kendi yerel tohumlarim
kullanmalarindan kaynaklandigi disiiniilmektedir.
Verim artig1 ile bolge iireticilerinin ekonomik gelir

seviyelerini artirmak hedeflenmektedir.

MATERYAL VE YONTEM

Arastirmada 6zel tohumluk firmalarindan temin
edilen 8 hibrit misir ¢esidi (TK 6063, Hido, Everest,
Calcio, Carella, Sagunto, Tavascan, Cadiz) deneme
materyali olarak kullanilmigtir.
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Aragtirma, 2015 yili vejetasyon doneminde
Giresun ili Bulancak Il¢esinde 40 metre rakimda
yluriitilmiistir.

Bolgede misir bitkisinin vejetasyon siiresinde
uzun yillar ortalamasinda diisen toplam yagis miktar1
435.1 mm, ortalama sicaklik 20.36 °C, ortalama
nem %76.02°dir. Denemenin gerceklestirildigi 2015
yilinda yetisme vejetasyonu boyunca kaydedilen
toplam yagis miktar1 308.3 mm, ortalama sicaklik
19.98 °C, ortalama nem %84.42’dir (Anonim,
2015b).

Deneme alaninin topragi, Kkilli-tinli (52),
tuzlu (0.739 ds/m), hafif asitli (pH:5.57), kireg
(%0.08), fosfor (13.03 ppm) ve potasyum (161
ppm) bakimindan fakir, organik madde %2.22)
bakimindan orta yapidadir.

Arastirma Tesadiif Bloklar1 Deneme Desenine
gore 3 tekerriirlii olarak kurulmustur.

Parsellere sulamada kolaylik olmas1 agisindan
damlama sulama sistemi kurulmustur. Damlatic1
araliklar1 20 cm’ olarak belirlenmistir.

Ekim islemi 2,8 m x 5 m = 14 metrekarelik
parsellere 70 cm sira arasi ve 20 ¢cm sira iizeri olacak
sekilde 5-6 cm derinlige, her siradaki damlatici
deliklerinin altina 2 adet tohum olacak sekilde
10.05.2015 tarihinde elle yapilmistir.

Toprak analizi sonucunda misir yetistiriciligi
icin dekara 14.3 kg azot ve 12.6 kg fosfor olacak
sekilde giibreleme Onerisinde bulunulmustur. Parsel
alani toplami1 14 m? * 24 = 336 m?’dir. Buna gore
kullanilacak giibre miktar1 4.8 kg N"' ve 4.3kg PO,
olacak sekilde ayarlanmistir. Bu amacgla ekimle
birlikte; 10 kg kompoze (20-10-0 2.2 kg N - 1.1
kg P,O,") ve 7.5 kg TSP (Triple Siiper Fosfat-3.2
kg P,O,") giibresi kullanilmistir. Kalan azotun diger
yarist bitkiler 50-60 cm boylandiginda 14.06.2015
tarihinde 10 kg CAN (Kalsiyum Amonyum Nitrat
2.6 kg N1) giibresi uygulanmistir.

Bitkilerin ¢ikisindan 5 giin sora 23.05.2015
tarithinde hem yabanci ot miicadelesi hem de
topragin havalanmasi i¢in ilk ¢apalama islemi el
capasi ile yapilmistir.

Seyreltme-Tekleme islemi ve ikinci ¢apalama
islemi 31.05.2015 tarihinde yapilmistir. Bogaz
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doldurma ve iigiincii ¢capalama islemi azotun diger
yarisi verildiginde 14.06.2015 tarihinde yapilmistir.

Sulama islemi damlama sulama sistemi ile iklim
ve toprak kosullar1 goz oniinde bulundurularak
ihtiya¢  duyulduk¢a yapilmistir. Toplam alt1
sulama yapilmis son sulama hasattan 1 hafta 6nce
08.08.2015 tarihinde yapilmistir.

Deneme alanina zarar verdigi tespit edilen misir
kogan kurduna karsi, ruhsatli bitki koruma tiriinleri
kullanilarak 10 giin ara ile iki kez (16-26.07.2015)
zirai miicadele ilaclama islemi basarili bir sekilde
gerceklestirilmistir.

Arastirmada kullanilan misir  ¢esitlerinin
hasadi tam olum déneminde 13.09.2015 tarihinde
yapilmistir.

Hasat doneminde her parselde parsel
baglarindan 40 cm ve parsel kenarlarindan birer sira,
kenar tesiri atildiktan sonra kalan kisimdaki bitkiler
hasat edilmis ve bu bitkiler igerisinden tesadiifi
olarak secilen 5 bitkide; Kogan Boyu (cm), Kogan
Cap1 (mm), Kocanda Sira Sayis1 (adet), Sirada Tane
Sayisi (adet), Bin Tane Agirligi (g), Tane Verimi (kg
da')’ne ait gézlem ve Slgiimler yapilmistir.

Arastirma sonucunda elde edilen veriler, JMP
5.0 istatistik paket programi kullanilarak tesadiif
bloklar1 deneme desenine gore varyans analizine
tabi tutulmus ve Onemlilik gdsteren ortalamalar
aras1 farkliliklarin karsilastirilmasinda LSD c¢oklu
karsilagtirma testi kullanilmistir.

BULGULAR VE TARTISMA

Bazi misir ¢esitlerinin tane verimi ve verim
Ogeleri incelenmis ve elde edilen sonuglar asagida
sunulmustur.

Koc¢an Boyu (cm)

Arastirmada  kullanilan ¢esitler arasinda
kogan boyu bakimindan ¢ok 6nemli (P< 0.01) fark

bulunmustur.

En yiliksek kocan boyu 23 cm ile TK6063
cesidinden elde edilmis iken, en diisiik kogcan boyu
19.8 cm ile Carella ¢esidinden elde edilmistir.
Arastirma sonucunda ortalama kogan boyu 21.4 cm
bulunmustur (Cizelge 1.)
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Cizelge 1. Misir ¢esitlerinde kogan boyu (cm), kogan ¢api (mm), koganda sira sayisi, sirada tane sayisi, bin tane agirligi (g) ve tane

verimine (kg da™') ait gézlemler.

Cesitler Kogan Boyu** Kocan Cap1 Kogs;g?*ilra Slrgg';lz?ne ,fglﬁg glrf* Tane Verimi*
TK6063 23.0 a 46.6 15.6 be 36.3 247.06 a 881 a
Calcio 21.1 be 46.4 16.6 b 32.7 184.60 ¢ 655 ¢
Hido 22.1 ab 453 14.8 ¢ 353 191.19 ¢ 699 bc
Everest 21.8 ab 45.6 165 b 35.6 205.59 be 801 abc
Carella 19.8 ¢ 48.6 164 b 33.8 225.73 ab 900 a
Cadiz 20.0 ¢ 47.6 162 b 37.4 200.74 be 826 abc
Sagunto 22.3 ab 48.8 18.1 a 35.1 188.93 ¢ 839 ab
Tavascan 21.3 be 47.1 16.8 ab 342 249.04 a 975 a
G. Ort. 21.4 47.0 16.4 35.1 211.61 822
% V.K. 43 3.8 4.8 7.9 7.3 12.6

*(P<0.05), **(P< 0.01) Ayni siitunda farkli harfleri tasiyan degerler arasindaki fark onemlidir.

Kogan boyu ile ilgili olarak arastirmadan elde
ettigimiz sonuclar, Aydin, (2011), 20-23.2 cm; arastirma
sonucu ile benzerlik gosterirken, Demiray, (2013),
17.33-21.15 cm; Oktem ve Toprak, (2013), 19.6-22.8
cm; Oner ve ark., (2011), 19.1-22.4 cm; arastirma
sonuglarindan yliiksek, Vartanli, (2006), 21.75-27 cm;
arastirma sonuclarinin altinda gerceklesmistir.

Kocan Capi (mm)

Incelenen cesitler arasinda kogan ¢ap1 bakimindan
fark istatistiki agidan 6nemsiz bulunmustur. En yiiksek
kogan cap1 48.8 mm ile Sagunto cesidinden, en diigiik
kogan ¢ap1 45.3 mm ile Hido ¢esidinden elde edilmistir.
Arastirma sonucunda ortalama kocan ¢ap1 47.05 mm
bulunmustur (Cizelge 1.)

Kogan c¢api ile ilgili olarak aragtirmadan elde
ettigimiz sonuglar, Oktem ve Toprak, (2013), 44-51 mm;
aragtirma sonucu ile benzerlik gosterirken, Demiray,
(2013), 48.9-58.3 mm; Vartanli, (2006), 53-57.9 mm;
aragtirma sonuglarmin altinda gerceklesmistir.

Adi gegen arastiricilar
arastirmada

ile olan farkliliklar,
kullanilan ¢esitlerin ve uygulanan
agronomik islemlerin farkli olmasindan kaynaklandig
diistiniilmektedir.

Kocanda Sira Sayis1 (adet)

Denemeye alinan ¢esitler arasinda koganda sira
sayis1 bakimimdan % 1 diizeyinde istatistiksel olarak
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cok onemli farklhiliklar tespit edilmistir. En yiiksek
koganda sira sayis1 18.1 adet ile Sagunto g¢esidinde
belirlenirken, en diisiik koganda sira sayis1 14.8 adet
ile Hido ¢esidinde belirlenmistir. Arastirma sonucunda
ortalama koganda sira sayisi 16.4 adet bulunmustur

(Cizelge 1.)

Kocanda sira sayisi ile ilgili olarak aragtirmadan
elde ettigimiz sonuglar, Vartanl, (2006), 13.8-18.9
adet; arastirma sonucu ile benzerlik géstermektedir.

Sirada Tane Sayisi (adet)

Aragtirmada sirada tane sayist bakimindan
kullanilan g¢esitler arasindaki fark istatistiki agidan
o6nemsiz bulunmustur. En yiiksek sirada tane sayis1 37.4
adet ile Cadiz cesidinde belirlenirken, en diisiik sirada
tane sayisi 32.7 adet ile Calcio ¢esidinde belirlenmistir.
Sirada tane sayisi bakimindan gesit ortalamalari ise
35.1 adet bulunmustur (Cizelge 1.)

Sirada tane sayisi ile ilgili olarak arastirmadan
elde ettigimiz sonuglar, Cengiz, (2006), 22.7-51 adet;
aragtirma sonuglariin altinda gerceklesmistir.

Bin tane Agirhig (g)

Denemeye alinan cesitler arasinda bintane agirligi
bakimindan ¢ok 6nemli (P< 0.01) farkliliklar tespit
edilmisti. En yiliksek bintane agirligi 249.04 g ile
Tavascan ¢esidinde belirlenirken, TK6063 (247.06 g)
ve Carella (225.73 g) cesitleri ile ayni istatistiki grupta
yer almistirEn disik bintane agirhign 184.6 g ile
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Calcio ¢esidinde belirlenmis, Sagunto (188.93 g) ve
Hido (191.19 g) cesitleri ile ayni1 istatistiki grupta yer
almistir. Arastirma sonucunda ortalama bintane agirlig
211.61 g bulunmustur (Cizelge 1.).

Bin tane agirligi ile ilgili olarak arastirmadan elde
ettigimiz sonuglar, Demiray, (2013), 324.26-397.36
g; Oktem ve Toprak, (2013), 397.5-533.3 g; Aydin,
(2011), 292-388.3 g; arastirma sonuglarmin altinda
gerceklesmistir.

Tane Verimi (kg da™')

Incelenen cesitler arasinda tane verimi bakimindan
% 5 diizeyinde istatistiksel olarak onemli farkliliklar
tespit edilmistir. En yiiksek tane verimi 975 kg da’! ile
Tavascan ¢esidinde belirlenirken, Carella (900 kg da™'),
TK6063 (881 kg da™), Sagunto (839 kg da'), Cadiz (826
kg da') ve Everest (801 kg da!) gesitleri ile Tavascan
¢esidi arasinda istatistiksel olarak fark bulunmamaistir.
En diigiik tane verimi 655 kg da! ile Calcio ¢esidinde
belirlenmistir. Arastirma sonucunda ortalama tane
verimi 822 kg da™! bulunmustur (Cizelge 1.)

Tane verimi ile ilgili olarak arastirmadan elde
ettigimiz sonugclar, Keskin ve ark., (2011), 623.9-1019
kg da!'; arastirma sonuglari ile benzerlik gosterirken,
Pamuk¢u ve ark., (2011), 541-978 kg da'; Ozata
ve Kapar, (2011), 100-1128.9 kg da'; arastirma
sonuglarindan yiiksek, Demiray, (2013), 939-1797 kg
da'; Oner ve ark., (2011), 1073-1332 kg da’'; Aydin,
(2011), 1244-1849 kg da'; arastirma sonuglarinin
altinda gerceklesmistir.

SONUC

Bu arastirma 8 adet musir ¢esidinin Giresun ili
Bulancak Ilgesi ekolojik kosullarinda tane veriminin
ve verim 0gelerinin belirlenmesi amaciyla 2015 yilinda
ylritilmistiir.

Yapilan Calisma sonucunda;

Arastirmada kullanilan musir ¢esitlerinin kogan
boylar1 19.8-23.0 cm arasinda degisiklik gdstermistir.
En yiiksek kocan boyu TK6063, en diisiik kocan boyu
Carella ¢esidinde belirlenmistir.

Arastirmada kullanilan musir ¢esitlerinin kogan
capt 45.3-48.8 mm arasinda degisiklik gOstermistir.
En yiiksek kogan ¢ap1 Sagunto, en diisiikk kogcan gap1
Hido c¢esidinde belirlenmistir. Kogan ¢ap1 bakimindan
cesitler arasinda istatistiksel olarak farklilik tespit
edilmemistir.
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Aragtirmada kullanilan misir gesitlerinin koganda
sira sayis1 14.8-18 sira arasinda degisiklik gostermistir.
En yiiksek koganda sira sayisi Sagunto, en diisiik
koganda sira sayis1 Hido ¢esidinde belirlenmistir.

Arastirmada kullanilan misir ¢esitlerinin sirada tane
sayist 32.7-37.4 adet arasinda degisiklik gOstermistir.
En yiiksek sirada tane sayisi Cadiz, en diigiik sirada
tane sayist Calcio ¢esidinde belirlenmistir. Sirada tane
sayis1 bakimindan cesitler arasinda istatistiksel olarak
farklilik tespit edilmemistir.

Aragtirmada kullanilan misir g¢esitlerinin bintane
agirligr 184.6-249.0 g arasinda degisiklik gOstermistir.
En yiiksek bintane agirligi Tavascan, en diisiik bintane
agirhigr Calcio ¢esidinde belirlenmistir.

Arastirmada kullanilan musir gesitlerinin tane
verimi 655-975 kg da! arasinda degisiklik gostermistir.
En yiiksek tane verimi Tavascan, en diisiik tane verimi
Calcio ¢esidinde belirlenmistir.

Giresun Ili, Bulancak ilgesi musir iiretiminde
iklimsel avantajlar1 oldugu, kaliteli ve verimli misir
yetistiriciliginin kolaylikla yapilabilecegi bu calisma
ile diistiniilmektedir. Caligma neticesinde elde edilen
ortalama 822 kg da' tane verim degerinin, 2014 yili
Tiirkiye ortalamasi olan 907 kg da' verim degerinin
biraz altinda, 2014 yili Diinya ortalamasi olan 557 kg
da! verimin ¢ok tizerinde oldugu tespit edilmistir.

Arastirma sonuglarina gore Giresun ili Bulancak
flgesi ekolojik kosullarinda tane verimi bakimindan
Tavascan, Carella, TK6063, Sagunto, Cadiz ve Everest
cesitlerinin iimitvar oldugu belirlenmistir.
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The Effects of Storage Time on Nutrient Composition and Silage
Quality Parameters of Corn Silage Made in Plastic Mini Silo in
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ABSTRACT: This study was carried out to determine the effects of storage duration on nutrient composition and
silage quality parameters of corn silage made in plastic mini silo under laboratory conditions. Corn was used as a
silage material. Corn (31.87% of dry matter) was harvested at the dough stage, and ensiled at laboratory conditions
in PVC mini silos, for 90, 104, 118, 132, 146, 160, 174, 188 and 202 days. The dry matter, crude protein, ether
extract, ash and crude fiber content of corn silage decreased with the longer storage time (P<0.05). However,
nitrogen free extract (NFE) content showed an increase througout the storage time. Storage time didn’t significantly
lead to change on EE content of corn silage. Lactic acid (LA) concentration of corn silage increased until the 104"
day, but it decreased between 104" and 188™ days (P<0.05), after which it increased again. Prolongation of storage
time gave rise to fluctuation of LA concentration. Contrary to the decrease in LA concentration, acetic acid (AA)
concentration increased depending on storage time. Silage NH,-N concentration was highest at the 146™ day, CO,
concentration increased until the 160" day, then, decreased in the other storage time (P<0.05). The lowest WSC
concentration of corn silage was found at the 118" day, but the highest at the 202" day (p<0.05). Silage pH values
were remained at normal levels. Flieg scores of corn silage were significantly affected by storage time. In this
research, changes were observed in nutrient composition and silage fermentation characteristics with the prolonged
storage time of corn silage made in mini silos in laboratory conditions.
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Laboratuvar Kosullarinda Mini Siloda yapilan Misir Silajinin
Besin Madde Kompozisyonu ve Silaj Kalite Parametrelerindeki
Degisimi Uzerine Depolama Siiresinin Etkisi

OZET: Bu ¢alisma; laboratuvar kosullarinda plastik mini siloda yapilan misir silajimin, besin madde kompozisyonu ve
silaj kalite parametreleri izerine depolama siiresinin etkisini belirlemek amacryla yapilmistir. Silaj materyali olarak
musir kullanilmistir. % 31.87 Kuru madde (KM) igerikli Misir hamur olumu devresinde hasat edilmis, laboratuvar
kosullarinda PVC mini silolarda 90, 104, 118, 132, 146, 150, 164, 178, 182, 196 ve 202 giin silolanmistir. Silajin
depolama siiresi uzadik¢a kuru madde (KM) iceriginde azalma goriilmiistiir. Silajin ham protein (HP), ham kiil (HK)
ve ham selliiloz (HS) igeriginde depolama siiresi uzadikca azalma, NOM iceriginde ise artis olmustur (P<0.05).
Depolama siiresi misir silajinin ham yag (HY) igeriginde dnemli bir degisime neden olmamustir. Silajin laktik
asit (LA) konsantrasyonu depolama siiresinin 104. giiniine kadar artmis, 104-188. giinler arasinda diismiis, 188.
giinden sonra tekrar artis gdstermistir (P<0.05). Depolama siiresinin uzamasi LA konsantrasyonunda dalgalanmaya
neden olmustur. Depolama siiresine bagli olarak AA konsantrasyonu, LA konsantrasyonunun tam tersi bir durum
gostermistir. Silajin NH,-N konsantrasyonu 146. giinde en ytiksek degeri gostermis, CO, konsantrasyonu 160.
giine kadar artmis sonra azalmigtir (P<0.05). Silajin SCK konsantrasyonu en diisiik 118. giinde, en yiiksek ise
202 giinde elde edilmistir. Silajin pH degeri her depolama periyodu i¢in normal sinirlar arasinda kalmigtir. Misir
silajinin Flieg puani1 depolama zamant ile etkilenmistir. Bu ¢calismada, laboratuvar kosullarinda mini siloda yapilan
mustr silajiin, depolama siiresi uzadikg¢a besin madde kompozisyonu ve fermentasyon karakteristiklerinde degisim
oldugu goriilmiistiir.

Anahtar kelimeler: Besin madde kompozisyonu, depolama zamani, kalite parametreleri, mini silo, silaj
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INTRODUCTION

The fiber materials have an important role in
ruminant feeding to provide optimal rumen functions
and physiology. Roughages which are cheaper
compared to concentrate feeds, reduce the cost of ration
and production. Silage is a conservation procedure
applied to forages in anaerobic conditions and it is
important for receiving wet roughage requirements of
ruminants in winter feding when green forage is not
available. The main reason of forages conservation
is to provide of feed with maximum level of original
dry matter (DM), nutrients and energy level in winter
feeding (Kung and DerBedroisan, 2010). Therefore, the
first process in ensiling provided removal of ambient
air in silos. Otherwise, presence of air in silo can lead to
arise in yeasts and moulds, which can cause dry matter
and other nutrients losses (Palic et al., 2011). Silage
fermentation is mostly completed within 30-45 days, it
can shorter, depending on harvest season and climatic
conditions. Kung and DerBedrosian (2010) reported
that 3-4 week time is enough for silage fermentation
to reach a stable phase. Moreover, researchers stated
that there were some factors affecting this process.
Ward and Ondarza (2008) informed that they needed
minimum 4 months for the whole fermentation with
their research concerning silage fermentation changing.
On the contrary, Jaster (1995) specified that lactic acid
bacteria fermantation completed generally within 3
weeks.

Feeding period of ensiling feed extends in large
enterprises. The changes of fermentation occur
depending on climatic conditions in ensiling ambient,
using material and mass size, and moisture content
diversity (Kung and DerBedroisan, 2010). Furthermore,
prolonged silage storage time gives rise to alteration
of silage nutrient content. Making silage in large
silos is both costly and hard for laboratory researches
because of determination of roughage nutritive value,
examination of silage quality parameters or in case
of adding additives. Thus, laboratory type mini silos
instead of large silos have been preferred by many
researchers. Mini silos have been used in laboratory
circumstances all over the world since the beginning
of 20" century. Laboratory type mini silos enable
researchers to investigate ensiling most silage samples,
to make silage in controlled condition and to compare
research on aerobic stability, weight loss or silage
fermentation features. Besides, mini silos have some
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advantages, such as low cost and rapid response. For
this reason, most researchers have been using many
different types of mini silos in laboratory conditions;
glass jar with lid (Autrey et al., 1947); glass cylinder
(Archibald, 1946); vacuum polythene bag (Johanson
et al., 2005); metal jars (Nevens, 1933); and recently
polypropylene bags (Cabarkapa et al., 2010; Colovic et
al., 2010).

There is no sufficient studies focusing on effects
of silage made in mini silos in laboratory conditions
on ensiling duration, silage quality and alteration of
nutritive.

The aim of the current experiment was to
investigate changes of the nutrients compositions and
fermentation characteristics depending on ensiling
duration of corn silage made in plastic mini silos in
laboratory conditions.

MATERIALS AND METHODS

This experiment was conducted at the Research
and Application Farm of Agricultural Faculty, Ankara
University (altitude 700m above sea level, 43°06°44” S
and 33°25°43 E).

Corn (Zea Mays L. OSSK-644) was used as a
silage material. The corn was seeded on May 1%, 2014
in the Farm of Research and Application. The corn was
harvested at the dough stage of maturity at 31.87% dry
matter (DM) content in September 2014.

The herbage was chopped to a particle length of
approximately 1.5-2.0 cm using a mechanical forage
cutter. Immediately after cutting, the corn was ensiled in
plastic jars with 3.5 L capacity (cylindrical shape with
35 cm height x 16 cm diameter) and each storage time
group was prepared with three replication. Ensiling was
done within two hours after harvesting. All jars were
closed carefully with a lid, and jar tops were coil up
with paraffilm to prevent entry of air. The jars were
stored in dark room at ambient temperature of 20+2 °C
for 90, 104, 118, 132, 146, 160, 174, 188 and 202 days.

Three jars were opened per two week during 202 days
of storage period and pH, dry matter (DM), water soluble
carbohydrate (WSC) (g kg' DM) and organic acids
(lactic acid, acetic acid and butyric acid) (%), and aerobic
stability, and ammonia nitrogen (g kg ' DM) analysis for
the fresh silage were performed in the laboratory.
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One third of the ensiled forage material from each
sample was oven-dried at 45°C in a forced-air oven for
48 hours, then silage samples were grinded through a 1
mm screen, and analysed with two parallel per storage
time. Nutrient composition (DM, crude protein (CP),
ether extract (EE), crude fiber (CF), ash and NH3-N,
were determined follow the procedure of Association
of Official Analytical Chemist (AOAC,1990).
Nitrogen Free Exract (NFE) matter was determined by
calculation.

The pH value of silage was measured with digital
pH meter (Hanna HI-2211). Water soluble carbohydrate
(WSC) was determined by the phenol sulfuric acid
method (Dubois et al., 1956). Aerobic stability test (for
5 day) was determined by the “bottle” system (Ashbell
et al.,, 1991). Organic acids (lactic acid, acetic acid
and butyric acid) concentration of silage was analyzed
according to Lepper method (Akyildiz, 1984). Flieg
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point was calculated by using the following equation
(Kilic, 20006);

Flieg point=220+(2x % dry matter of silos feed —
15) -40 x pH

Statistical Analysis

The data were evaluated by ANOVA according
to the repeated measurement experiment. Duncan’s
multiple comparison test was performed to investigate
which times were significantly different in terms of
nutrients from each other, if it is required according the
results of ANOVA. SPSS statistical package was used
to perform the analysis (Winer et al., 1991).

RESULTS AND DISCUSSION

The chemical composition of the ensiled corn is
given in Table 1.

Table 1. The chemical composition of the ensiled corn, % (in %DM)

Days DM Cp EE Ash CF NFE

90 28.02+0.246bc 8.95+0.413a 2.95+0.342ab 7.18+0.009a 24.32+40.283a 56.99+0.356d
104 31.95+0.478a 8.29+ 0.302ab 2.86+0.72ab 7.03+0.153b 24.52+0.267a 57.30+0.722d
118 28.89+0.583b 7.51+ 0.146bc 3.27+0.039a 6.68+0.184ab | 23.78+0.587ab 58.43+0.887cd
132 26.38+0,889bc 7.06+0.241c 2.95+0.030ab 6.35+0.067bc 24.11+0.221a 59.20+0.241bc
146 25.78+0.504c 6.35+£0.315¢ 2.73+£0.091ab 6.69+0.234ab | 23.86+0.240ab 59.38+0.372bc
160 26.41+0.150bc 6.54+0.334c¢ 2.59+0,099b 6.35+0.044bc | 23.29+0.198ab | 60.23+0.212abc
174 27.43+0.293bc 6.55+0.263¢ 2.684+0.148ab 6.55+0.213ab | 23.24+0.495ab 60.98+0.356ab
188 25.41+0.265¢ 6.73+0.117¢ 2.344+0.054b 6.51£0.179abc | 22.64+0.448b 61.78+0.528a
202 27.2340.934 be 6.54+0.198c¢ 2.43+0.100b 5.82+0.108¢ 23.19+0.086ab 62.02+0.324a

CP: Crude Protein; EE: Ether Extract; CF Crude fiber; NFE: Nitrogen free-extract
a,b,c,..: Means with different superscript within same column significantly differ (p<0.05)

Nutrient composition as it can be seen from the
Table 1, the nutrient composition of corn silage changed
with the longer storage time.

DM content of corn silage was affected by storage
time. The highest DM content of the silage was
determined at the 104 ™ day (31.95 %DM) of storage
time but the lowest at the 188" d (25.41 % DM).

The storage time had significant effect on the
nutrient composition of the silages (P<0.05). The
highest CP, ash and CF content of silage was found
for the 90" day as 8.95 %DM, 7.18%DM, 24.32%DM,
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respectively, and the lowest for the 202" day as
6.54%DM, 5.82 %DM, 23.19%DM, respectively, the
differences were statistically significant (P<0.05).
During storage periods, the CP, EE, ash and CF contents
of silages were significantly decreased, while the NFE
was increased on the the 202" day compared to day the
90" (P<0.05). (Table 1).

Organic Acid Compositions of Silage

Table 2 shows the organic acids (lactic acid, acetic
acid and butyric acid) composition of the ensiled corn
storage time.
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Table 2. Organic acid concentrations of corn silages during the storage time, %

Days Acetic acid Lactic acid Butyric acid

920 2.09+0.040bc 2.3840.307cd -

104 0.65+0.200d 5.16+£0.239a -

118 3.28+0.266a 4.21+0.170ab -

132 2.47+0.216b 3.23+0.114bcd -

146 1.71£0.149bc 2.1740.248d -

160 2.06+0.029bc 2.5840.154cd -

174 1.98+0.026bc 2.634+0.272cd -

188 1.3240.114cd 3.43+0.330bc -

202 1.78+0.334bc 3.077+£0.337cd -

a,b,c,...Means with different superscript within same column significantly differ (p<0.05)

In the current study, the lowest the acetic acid (AA)
concentration was observed at the104" day of storage,
and also the highest AA concentration was found for the
118™ day (P<0.05). There was a statistically significant
difference in AA between the 118" day and all the other
days of storage period. As shown in Table 2, the lactic
acid (LA) concentration increased during the first 104
days of the storage period, but after from the 104" day

Table 3. Fermentation quality and Flieg point of corn silages, %

of storage periods, it decreased in disorder (P<0.05).
Butyric acid (BA) was not determined in all corn silage.

Silage Fermentation Characteristics And Flieg
Point of Silage

Effect of storage times of corn silage on some
silage fermentation characteristics and Flieg point are
shown in Table 3.

Days (mg kg2 DM) (g kg DM (kg DM PH Flieg point
90 9.65+1.47cd 2.46+0.190¢e 66.83+0.031cd 3.9440.003bc 103.31+0.376b
104 9.26+0.368cd 6.62+0.319d 84.10+0.016b 3.84+0.003¢ 115.16+0.987a
118 14.19+0.100ab 9.27+1.600cd 34.63+0.014¢ 3.97+0.035b 103.97£1.97b
132 8.85+0.826¢d 12.61+0.385b 69.60+0.015¢ 3.96+0.029b 99.50+0.877b
146 15.74+0.816a 17.92+0.885a 68.23+0.002cd 3.914+0.025bc 100.15+0.898b
160 11.69+0.538bc 19.15+£0.523a 60.10+£0.001d 3.88+0.048bc 102.49+1.65b
174 13.16+0.385ab 12.89+0.013b 64.10+0.005¢cd 3.98+0.003b 100.3+0.648b
188 8.31+0.385d 10.51+0.819bc 80.73+0.006b 4.63+0.003a 70.76+0.652¢
202 8.96+0.263cd 13.76+£0.321b 108.30+0.023a 3.91+0.009bc 103.19+£1.99b

a,b,c,...Means with different superscript within same column significantly differ (p<0.05)

The ammonia nitrogen (NH,-N) concentration
of corn silage ranged between 8.31- 15.74 g kg'! DM
during the storage period (from 90 to 202 day). The
highest NH.-N concentration was observed at the 146™
day of ensiling periods (P<0.05), but decrease after the
146™ days of ensiling was noted (P<0.05).

In the current study, after 5 days of aerobic exposure,
the lowest CO, concentration of silage was determined
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at the 90" day (2.46 g kg'! DM), and but the highest
at thel46 and the 160" days (17.92 and 19.15 g kg’
DM, respectively). There are no significant differences
between the 146" day and 160" day of ensiling for CO,
concentration (P>0.05), but this two days of ensiling were
different compared to the other days of ensiling (P<0.05).

While the WSC concentration of silage was 66.83
g kg'! DM at the 90" day, it was 108.30g kg' DM for
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the 202" day. The WSC concentration at the 202" day
was significantly higher than the other days of ensiling
(P<0.05).

For corn silage, pH values ranged between 3.84
and 4.63. The highest pH value was obtained from the
188" day of storage period. This time was significantly
different in pH value compared to all other storage
periods (P<0.05).

The Flieg point which gives information on the
quality of the corn silage was determined using pH and
DM. Flieg point of the silage was highest for the 104"
d of ensiling period, but was lowest for the 188" d. The
104" and 188" days are significantly different from
the other days of ensiling (P<0.05). However, in this
study Fleig point of the corn silage could be accepted
as “supper or better class”.

Nutrient Composition

DM content of silage decreased according to the
fresh material (31.87%) during the storage period,
except for the 104" day. DM content for 90 and 188
days of ensiling period were determined as 28.02 and
25.41%, respectively. This decrease in DM can be
explained as a result of decrease in other nutrients.
Buckmaster et al. (1989) reported that DM losses
increased with prolonged storage time, which can be the
reason of degradability to nutrients by microorganism
during anaerobic fermentation. The CP, EE, ash and CF
content of silage decreased during storage period, being
from 90 to 202 d. Nutrients content of silage declined
with prolongation of storage time. This reduction can
be related to the degradation of some nutrients by
micro-organisms in anaerobic condition of silages.
These results show that CP content of silage decreased
from 8.95% for 90 d. to 6.54% for 202 d. Naeini et
al. (2014) reported that CP content of sorghum silage
decreased from 54.9% to 53.5 for 90 and 120 d ensiling
periods, respectively, which was in accordance with
our results. But also our results are not consistent with
results of the same researchers who determined that
ash content increased with prolonged storage time. The
differences among these studies may be related to the
plant material and mini silo type used. According to
our results, a change in the ether extract composition
of corn silage due to prolonged storage in the silo has
been observed. Decrease in EE content of silage was
observed after 118 d of storage. This decrement could
be due to an increase in the activity of plant enzymes
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and lipolysis. Moreover, Van Ranst et al., (2009) stated
that lipolysis in the silage was greater when it had
undergone extensive fermentation. The CF content of
silage reduced between 90 and 220 days of ensiling.
Changes in CF content with prolonged storage might
be attributed to degradation of cell wall by bacterial
enzymes activity and acidic condition in silage.
Yahaya et al., (2001) supported that remarkable loss
of the hemicellulose and pectin fractions occurred in
alfalfa and orchard grass silage between fresh forage
and ensiled materials. In contrast, prolonged ensiling
resulted in a raise in the NFE content in corn silage in
this experiment. The increase could be explained by
reductions in the other nutrient

Organic Acids of Silage

The AA concentration in silages made in mini
silos increased during the first 118 day of fermentation
but after decreased until the 220" day. The LA
concentration of silage fluctuated with prolonged
storage time. Lindgren et al., (1990) determined that
at the beginning of ensiling, microbial activity persists
when pH is low, after several months, some changes
occur in fermentation end products and lactic acids
are converted to acetic acid from carbohydrates by
micro-organism with prolongation in storage time.
The same researchers reported that pH and acetic
acid concentration were higher at the storage period
later date when compared to the an earlier period, but
lactic acid concentration was lower. Kleinschmit et al.,
(2006) reported that there were a decline of 15% in LA
concentration, and an increase of 80% in AA when the
corn silage stored in the mini silo from 14 d to 361 days.
Our results are not consistent with the result of Der
Bedrosian et al. (2012), who demonsrated that the AA
concentration increased with prolonged storage time.

Silage Fermentation Characteristics and Flieg
Score of Silage

In the present experiment, NH,-N concentration
increased from 9.65 to 15.74 g kg! DM for 90 and 146
days of ensiling, respectively. A similar finding was
reported by Naeini et al., (2014), who found that NH,-N
concentration of sorghum silage increased steadily from
56.9 gkg'to 81.7 gkg! DM for 30-120 d storage time,
respectively. Newbold et al., (2006) reported increasing
amount of NH,-N in ensiled 15 corn silages during 10
months, which was explained as a result of degradation
of proteins in silage. According to the results of this
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study, the CO, concentration of corn silage (for 5 days)
was the lowest in the first 90 days of ensiling while the
highest concentration was obtained for thel46™ and
160™ day (Table 3). The silage was stable for the first 90
and 104 days of ensiling, whereas, after the 118" days of
ensiling, a decline in the stability was observed with the
prolonged ensiling time. Weinberg et al. (2010) studied
corn taken from two different location (central and
south) in mini glass silo and stored for 5 months. At the
end of 5 months, they reported that CO, concentrations
(for 4 days) for central and south area were 3.3 and
38.3 g kg! DM, respectively. According to the results
of this study and as reported in some literature, it can
be concluded that aerobic stability can change due to
storage time, exposure time to air of silage, region
where plant material grow, and structure of silos. In the
current experiment, WSC concentration of corn silage
raised from 67 g kg'! DM to 108 g kg DM for the 90™
and the 202" day. Weinberg et al., (2010) also reported
that WSC concentration of corn silage in mini silos
was 135.7 g kg! DM at the end of the 5 months. In our
study, the pH value ranged from 3.8 to 4.63 for corn
silage. Our results are consistent with results of many
researchers (Kolver et al., 2001; Heinrichs and Ishler
2010). According to Ashbell et al., (1998), usually pH
does not increase easily in silage which contains high
corn level, because of high carbohydrate content and
low buffer capacity of corn. Flieg point of corn silage
was the lowest for the 188" d of ensiling compared to
the remaining ensiling periods. This is because low dry
matter content (25.41 %) and high pH values (4.63) of
corn silage the 188" day.

CONCLUSION

Our study showed that nutrient composition of
corn silage decreased with the prolonged storage
time in mini silos at the laboratory condition. On the
other hand, organic acids and silage fermentation
parameters changed irregularly. Mini silos are
necessary for investigation on the fermentation
process. However, according to our findings, the
storage of longer than 104 days was a disadvantage of
plastic mini silos because after 104 days, fluactuations
in nutrient composition and silage quality parameters
were recorded. It is recommended that more studies
should be undertaken on storage time since there are
many factors affecting it.
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The Effect of use of Humic Acid in Some Blood Parameters and
Rumen Protozoa in Norduz Lambs
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ABSTRACT: This study investigated the effect of different levels of humic acid on some rumen and blood
parameters and rumen protozoa in Norduz sheep. The study was designed and conducted in four-factor repeated
measures analysis of variance. Totally 24, approximately 16-week old, female Norduz sheep were used in the study.
Four feeding groups were designed. The first group was not given humic acid (C, control GI); the second group
was given humic acid of 0.015% of the live weights of the sheep (GII); the third group was given humic acid of
0.030% of the live weights of the sheep (GIII); the fourth group was given humic acid of 0.060% of the live weights
of the sheep (GIV). A total of eight sheep having similar ages and live weights were randomly distributed to each
group (live weights of 40.230+1.25). The feed consumed by the sheep was limited to 2.5% of their live weights.
Blood and rumen fluid samples were collected 2 times (before the test and on 25" day of the test). Comparison of
some blood parameters were collected from the animals before and after the test revealed no significant difference
in serum triglyceride and rumen pH levels. It was observed that while live weight, blood serum total protein, blood
serum potassium, chloride, and sodium levels decreased (P< 0.05), blood urea and number of rumen protozoa
increased (P< 0.05). Considering the values obtained before and after the test, the use of humic acid increased the
number of rumen protozoa without negatively affecting blood parameters.

Keywords: Blood metabolites, humic acid, lamps, protozoa

Humik Asit Kullaniminin Norduz Kuquarlnda Bazi Kan
Parametreleri ile Rumen Protozoalar: Uzerine Etkisi

OZET: Bu arastirmada, humik asidin farkli diizeylerinin Norduz kuzularinin bazi rumen ve kan parametreleri ile
rumen protozoonlar: tizerindeki etkileri incelendi. Deneme ii¢ faktorlii olarak dl¢imlii varyans analizi yapilacak
sekilde planland1 ve yiiriitiildii. Denemede siitten kesilmis, yaklasik 16 haftalik yasta 4 adet Norduz disi kuzu
kullanildi. Kontrol gribini olugturan birinci gruptaki kuzulara humik asit verilmedi (GI kontrol), ikinci grupta CA’mn
% 0.015 diizeyinde humik asit (GII), {iglincii grupta CA’in % 0.030 diizeyinde humik asit, (GIII), dordiincii gruba
ise % 0.060’1 diizeyinde humik asit (GIV) verilecek seklinde dort grubu yemleme olusturuldu. Her grupta yaklasik
ayn1 yasta ve canli agirlikta (40.230+1.25) sekiz hayvan olacak sekilde kuzular gruplara rasgele dagitilmigtir.
Kuzularin tiikettikleri yem miktar1 canli agirliklarinin % 2.51 olarak sinirlanmistir. Kan ve rumen sivisi drnekleri,
biri deneme baslangicinda biri de denemenin 25. giiniinde olmak iizere 2 defa alinmistir. Hayvanlardan deneme
oncesinde elde edilen kan parametrelerinin sonuglari deneme sonradaki degerlerle karsilastirildiginda kan serum
trigliserit ve rumen pH diizeylerinde gozlenmemistir. Hayvanlarda canli agirlik, kan serumu total protein, kan
serum potasyum, klor ve sodyum diizeyinde azalma gozlenirken (P< 0.05), kan iire ve rumen protozoa sayisinda
artma gozlenmistir (P< 0.05). Arastirmanin sonucunda dénemler dikkate alindiginda humik asit kullaniminin kan
parametreleri {izerinde olumsuz bir etki yapmada rumen protozoa sayisini artirdigi gozlenmistir.
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INTRODUCTION

Humic acids increased absorption of minerals
in intestinal wall. As a result, bone mineralization is
reported to increase in animals (Mosley, 1996; Tung,
2007). Humates are known to prevent the development
of some hazardous bacteria and stimulate bacterial
growth (Riede et al., 1991). The use of humate
in dairy goat decreased mastitis cases (Mosley,
1996). Humates have positive effects on immune
system of animals. In addition to strengthening the
resistance of the animals against pathogens like
E.coli, they significantly reduce digestive disorders
like diarrhea and others (Humin and Laub, 1998).
Lotosh (1991) reported that humates were the drugs
which increased resistance to diseases by positively
enhancing general health system (Tung, 2007).
Findings of various studies using humates revealed
that use of humate promoted growth, positively
affected carcass efficiency, enhanced feed efficiency,
and reduced instantaneous death rate (Stepchenko et
al.. 1991; Yoriik et al., 2004; Karaoglu et al., 2005).
It was gointed out that humates increased milk and
milk fat amount in dairy cattle, improved live weight
increase in livestock, and also decreased temperature
stress (Livestock, 2003). Humic acid also helps to
prevent excessive loss of water by enhancing water
absorption from intestinal lumen (Humin and Eaub,
1998). Similarly, the use of humates was observed
to increase live weight gain both in male and female
lambs (Teravita, 2004). Adding humate to ratios
positively affects feed efficiency and digestive system
(Humin and Eaub, 1998). Studies using humic acid
reported that humic acids prevented the growth of
pathogen bacteria and decreased mycotoxin level
(Humin and Laub, 1998; Tung¢ 2007). Humic acid
stimulates neutrophil activity and protects against
bacterial agents (Dabovich et al., 2003). Supporting
protective epithelial tissue in digestive tract, humates
increase resistance to toxins and infections (Kiihnert
et al., 1991). Previous studies reported that humates
had positive effects on lipid metabolism (Stepchenko
et al., 1991; Bailey et al., 1996) and might be
used in treatment of lipid metabolism disorders
(Banaszkiewicz and Drohnik, 1994). It was reported
that blood serum total cholesterol, total lipid and
glucoselevels decreased inrats fed with humate-added
feed; whereas, lipoprotein, globulin, hemoglobin,
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hematocrit value and erythrocyte number increased
(Banaszkievicz and Drobnik, 1994; Tung, 2007). A
literature review showed that there was only a limited
body of research in Turkish or in foreign languages
on effect of humic acid added into ruminant ratios on
number of rumen protozoa. Only one study conducted
in Turkey was found in literature (Tung, 2007). The
study showed that protozoa were not compulsory for
rumen fermentation. However, many studies reported
that protozoa increased digestibility capacities of
some ratios, daily live weight gain of animals and
retention of nitrogen in the body for a longer time
and were effective in increasing ammoniac and
volatile fatty acids in the rumen. Having proteolytic
characteristics, protozoa are known to break down
bacteria in addition to feed proteins. In the presence
of ciliata in the rumen, ammoniac and volatile fatty
acids increase and protozoa with high biological
value is synthesized (Coleman, 1986).

Sodium is major intracellular cation and its
intra-erythrocyte density is approximately 23 times
higher than plasma (Turgut, 2000; Vakit, 2008).
While totally 80% of phosphor in the body is
found in bones and teeth in the form of inorganic
salts, 20% 1s found in soft tissues. Normal serum
phosphorus concentration is 1.6—2.4 mmol-L. 75%
of potassium is found in muscles and less than 2%
found in extracellular fluids. In sheep, normal serum
potassium concentration is 4.0-6.0 mEq-L (Turgut,
2000; Vakit, 2008). Chloride is the main anion
in intercellular fluid and blood plasma. Chloride
particularly functions in the formation of osmotic
pressure as an electrolyte. The normal serum Cl
level in plasma Cl concentration is 98—115 mEq-L
(Turgut, 2000; Vakit, 2008). Sodium is the largest
cation of extracellular fluid. It constitutes 90% of
154 mols of inorganic cation in each liter of plasma
fluid. For this reason, it is responsible for the half
of plasma osmolality. In cases of diarrhea, excessive
perspiration, and excessive loss of blood and renal
infections, Na might
Normal serum Na density in sheep is 136—154 mEq-L
(Turgut, 2000). The use of humic acid is known to

concentrations increase.

increase oxygen carrying capacity by increasing red
blood cells and hemoglobin count, thus arousing the
feeling of liveliness to the organism (Malinowska et
al., 1993).
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MATERIAL AND METHOD
Material

Animal Material: Totally 24, 0.5 year old Norduz
sheep were used in the experiment. The data used
in statistical analyses were collected from these 24
animals before and after the experiment. The sheep
were supplied from sheep raising unit of Yiiziinci Y1l
University research and application farm. Feed material:
Dry meadow was used as the main feed material.

Table 1. Daily ration feed of the sheep in the trial

Feedstuff %

Barley 40.000
Wheat Bran 10.000
Soybean meal 20.000
Sunflower seed meal 20.000
Salt 1.000

Marble dust 2.500
Vitamins + Minerals 0.500
Energy kcal/kg ME* 2690

Table 2. The concentrate in the ration

Feedstuff Dry matter %
Meadow 80
Concentrate 20

A commercially available humic acid called as
AGROHUM was used as humic acid. Tables 2.3. and
2.4 illustrate the content of the used humic acid.

Table 3. Chemical composition and properties of the humic acid

Properties Rates
Humidity 75+10%
Total organic matter T1£5%
Trace elements 85%
Soil minerals (Si02, Al) 3%
pH 7
Electron Capacity. 2.5dS/m=0.5
C/N 17+1
Size 0-3 mm
Resolution (in 1% KOH solution) very high
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Table 4. Elemental composition of the humic

Element Amount%
Hydrogen (H) 31.0
Carbon (C) 3.2
Oxygen (0) 33.0
Sulfur (S) 1.7
Nitrogen (N) 1.8
Phosphorus (P) 0.5
Potassium (K) 0.7
Iron (Fe) 0.9
Calcium (Ca) 0.5
Magnesium (Mg) 0.1

Method

Feeding method: The first group was not given
humic acid (control GI); the second group was given
humic acid of 0.015% of the live weights of the sheep
(G ID); the third group was given humic acid of 0.030%
of the live weights of the sheep (G I11); the fourth group
was given humic acid of 0.060% of the live weights of
the sheep (GIV). Humic acid was given to the animals
by being mixed in 0.5 | water for 25 days at the same
hour each day. The feed consumed by the animals was
restricted to 2.5% of their live weights.

Table 5. Humic acid administered to the animals (g)
GI GII GIII
0.0 65g 11.7g

GIV
26¢g

Blood analysis

For blood analyses, 10 ml blood was collected from
vena jugularis of each animal for two times (before
and after the test) by using blood collection cannula.
Blood samples were centrifuged at 4000 rev/min and
after collecting serum, they were sent to Yiziincii Yil
University Faculty of Medicine, Biochemistry and
Physiology Laboratory. Urea, BUN, total protein,
triglyceride, VLDL, Na, K, P, CL, HDL and LDL
amounts were analyzed in serum samples. Tokyo/Japan
origin modular type Hitachi Automatic Analyzer device
and Roche kits were used for blood analyses (Henry,
1965; Ersoy and Baysu, 1981; Christian and Feldman,
1982).
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Rumen pH analysis

50 ml rumen content was collected from each
animal using rumen sound two times (before and
after the test). pH of the collected rumen contents was
immediately measured by using a digital pH meter
(Dado and Alien, 1993; Vakit, 2008).

Protozoa counting method

For protozoa counting, rumen content was put
into a plastic bottle by using rumen sound. Like in
blood sample collection, rumen fluid was collected at
the same hour of the day before and after the test. 5 ml
of rumen content was separated to achieve stability of
the collected rumen content. 15 ml fixing solution (1
It ethyl alcohol, 5 g pure NaCl, 0.3 g methyl grin) was
added to the sample. The samples were kept at a cold
and dark place until counting. For protozoa counting,
0.05 ml of the sample was placed in Thoma slide
following homogenization. Lamella was placed on the
slide in such a way to create no air bubble. Counting
was conducted by using a standard microscope, with
104x40 magnification with the help of a camera and
screen. Count of protozoa was calculated by using the
following formula. Density (mm3) number of counted
protozoa, number of counted small squares volume of
one small square dilution ratio (Ulker, 2007).

Statistical analyses

Descriptive statistics of the properties were
expressed as means and standard error. To determine if
there were differences between the application groups
(GI, GII, GIII, GIV) and times (before the test-after the
test), Two-Way ANOVA with repeated measurement at
one factor level was used. Tukey multiple comparison
test was used to determine means of different groups
after the analysis of variance.

In factors for which the difference between the
means was significant, Group x Time interaction was
found to be statistically significant; therefore, Tukey
multiple comparison test was used in the level of sub-
groups. All statistical analyses were performed by
using STATISTICA statistical package program (Winer
1971).

RESULTS AND DISCUSSION

This study was conducted to determine the effects
of humic acid on rumen protozoa and blood parameters.
Descriptive data obtained from statistical analysis of the
collected data are summarized in the following tables.
Data obtained from the tests are shown in Tables 6,
7 and 8.

Table 6. Mean values of live body weights (kg) of the groups before and after the test and standard error (Mean + SE).

GI GII GIII GIV
Mean+SE Mean+SE Mean+SE Mean+SE
Livebody ~ BT* 39.40+1.88#  41.73x1.00#  38.43+1.28#  41.37+0.84#
weight AT*  34.88+1.82  36.73+1.21 33.90+0.91 35.57+1.16

# Shows the difference between the same group (in the same column) before and after the test (p>0.05)

*BT, AT before and after the test

Table 7. Mean values of total protein, triglyceride and urea of the groups before and after the test and standard error (Mean + SE).

Gl GII GIII GIV
Mean+SE Mean+SE Mean+SE Mean+SE

Total Protein (g BT 8.10£036#  6.58+0.70  8.62+0.499#  8.28+0.28 #
dL-1) AT  5.83£0.53b  6.89+0.16  6.39+0.26ab 5.8940.39b
Triglyceride (mg BT 29.5:0.53  21.35+0.69  30.34+0.70 29.91+0.65
dL-1) AT 25.67£0.08 23.43+0.07  30.20+0.87 35.7140.17

BT 20.20+£0.75 16.86£0.60  20.73£0.75  15.33+1.89 #

Urea (mg dL-1)

AT 24.78+0.83 19.43+0.88  22.58+0.78 24.55+0.83

# Shows the difference between the same group (in the same column) before and after the test (p>0.05)
ab Shows the difference between the same time groups (in the same line) in the same time (p>0.05)
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Table 8. Phosphorus, potassium, chloride and sodium mean values of the groups before and after the test and standard error (Mean = SE)

GI GII GIII GIV
Mean+SE Mean+SE Mean+SE Mean+SE
Phosphorus (mg BT 6.77+0.37 # 6.70+0.28 6.24+0.33 6.95+0.48
dL-1) AT 5.61+0.40 24.44+0.91 5.30+0.43 5.89+0.42
Potassium (mmol BT 5.90+0.40 ab 4.03+0.76b 5.93+0.25 ab# 6.52+0.54 a
dL-1) AT 5.06+0.78 3.21+0.39 3.70+0.87 6.33+0.31
CHotiommel BT 121.674509ab#  10580£17.97 136.50+4.75 a 138.67+8.12 af
AT 96.00+£11.90 b 96.97+18.14 b 136.50+4.75 b 138.67+8.12 ab
Calcium (mmol BT 165.18+0.44 147.40+4.27 182.46.11 # 184.50+8.84 #
dL-1) AT 132.33+0.45 131.67+5.06 111.67+5.72 157.67+4.37

# Shows the difference between the same group (in the same column) before and after the test (p>0.05)
ab Shows the difference between the same time groups (in the same line) in the same time (p>0.05)

Table 9. Phosphorus, potassium, chloride and sodium mean values of the group before and after the test and standard error (Mean + SE).

GI GII GIII GIV
Mean+SE Mean+SE Mean+SE Mean+SE
pH BT 7.01£0.08 # 6.94+0.21 6.98+0.01 7.01+0.01
AT 6.38+0.20 7.18+0.18 6.49+0.27 6.42+0.15
Number of protozoa BT 2692.5+223.5b 2984.38+140.9 ab 2620.0+67.4 #b 3333.54£223.5 #a
AT 3312.5+152.7 ¢ 6286.3+403.4 a 6081.3+202.4 a 5270.6x152.7b

# Shows the difference between the same group (in the same column) before and after the test (p>0.05)
ab Shows the difference between the same time groups (in the same line) in the same time (p>0.05)

It was found that live weights decreased in all
groups at the end of the test (p<0.05). It was thought
that this weight loss may be explained from the low-
quality meadow hay used as experimental feed and the
restriction of consumed feed by each animal with 3% of
their live weights.

It was considered that the decrease in total protein
level observed in blood serum before and after the
test was associated with the decrease of live weight.
However, it was observed that in the second and
third groups, blood total protein decreased due to
use of humic acid (p<0.05). Blood serum urea level
increased in the fourth group compared to the other
groups (p<0.05). It was thought that this resulted
from the breakdown of tissue proteins as a result of
live weight loss. A statistically insignificant increase
was observed in blood urea level in all groups. As a
consequence these results like to findings to Tung and
Yorik’s study (2012).
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Analysis of blood phosphor, potassium, chloride
and sodium values showed that the use of humic
acid decreased sodium, chloride, and potassium
levels in different groups (p<0.05). The use of humic
acid decreased sodium value to normal levels which
was above normal limits before the test. However,
Tun¢ and Yoriik (2012) found no difference in these
parameters. No salt was given to the sheep during the
test. Despite the insignificant decrease in the control
group, a sharp decrease of sodium observed in humic
acid groups might show that humic acid functioned to
stabilize sodium. Decreased chloride level observed in
blood levels of the animals which were not given salt
(p<0.05) could be interpreted like the case in sodium
(GIV). There was no difference between the groups in
terms of blood phosphorus level and the values were
within normal limits (Tun¢ and Yoriik, 2012). The
fourth group had an increase in blood serum urea levels
in question compared to the other groups (p <0.05).
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It was observed that the use of humic acid, which
did not have any effect on rumen pH, increased number
of rumen protozoa in all three doses unlike Tung¢ and
Yoriik’s (2012) results (p<0.05). Considering the used
humic acid doses, it was found that number of protozoa
was the highest in the first group (the lowest dose level).

In this test during which low-quality meadow hay
was used, it was observed that different doses of humic
acid did not have a negative effect on blood parameters
and similarly did not create a negative effect (Tung and
Yoriik, 2012) on rumen pH (p<0.05). However, it was
found that the use of humic acid significantly increased
number of rumen protozoa (p<0.05). It is known that
the increase in number of protozoa is important and it
enhances nitrogen retention in the body of the animals.
In conclusion, it can be asserted that the use of humic
acid increases the number of protozoa. However,
effects of humic acid on serum can be analyzed by
future studies.
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Ruminant Rasyonlarinda Dogrudan Yedirilen
Mikroorganizmalarin Onemi ve Etki Mekanizmalari

Mete YANAR'

OZET: Ruminant yemlerine katilan Dogrudan Yedirilen Mikroorganizmalar (Direct-Fed Microbials) (DFM)
olarak adlandirilan yem katki maddeleri, sindirim sistemi enfeksiyonlarint onledigi gibi, sindirim kanalinin
mikroorganizma igerigini de optimize etme kabiliyetine sahiptirler. Son yillarda, AB iilkeleri ile Tiirkiye’de iiretilen
yemlerde antibiyotik kullaniminin yasaklanmasindan sonra, DFM’lerin yaygin bir sekilde yem katki maddesi
olarak yemlere ilave edildigi goriilmektedir. S6z konusu DFM’lerin yem katki maddesi olarak tarihsel gelisimi,
DFM olarak kullanilan mikroorganizmalar, DFM nin etkinligini ve aktivitesini belirleyen faktorler ile rumen ve
bagirsaklardaki etki mekanizmalari bu calismada detayl olarak ele alinarak incelenmistir.

Anahtar Kelimeler: Dogrudan yedirilen mikroorganizmalar, etki mekanizmalari1 ruminantlar, yem katki maddesi

Importance of Direct-Fed Microbials in Ruminant Diets
and Modes of Action

ABSTRACT: Feed additives which are supplemented into the ruminants’ feed and called Direct-Fed Microbials
inhibit gastrointestinal infections, and have capability for optimizing of microbial content of gastrointestinal track.
In recent years, after the use of antibiotics in the feeds manufactured in EU countries and Turkey has been banned,
DFM are started to added into the feeds on large scale as feed supplement. In this study, historical development of
DFM, microorganisms used as DFM, factors affecting efficiency and activity of the DFM as well as action modes
in rumen and intestines were investigated in detail.

Keywords: Direct-fed microbials, feed supplements, modes of action, ruminants

! Atatiirk Universitesi, Ziraat Fakiiltesi, Zoootekni, Erzurum, Tiirkiye
Sorumlu yazar/Corresponding Author: Mete YANAR, mtyanar@gmail.com

Gelis tarihi / Received: 17.03.2016
Kabul tarihi / Accepted: 10.04.2016



Mete YANAR

GIRIS

Hayvan yetistiriciliginde, hayvanlarin yiiksek verim
giicline ve hayvan sagligina sahip olmasi en 6nemli
hususlardir. Hayvanlarin biiylime ve gelisme hizlari ile
besi performanslari, yemden yararlanma durumlart ve
genel saglik durumlar1 sindirim sisteminin fonksiyonlari
ile yakindan iliskilidir. Bugiin, diinyadaki bir¢ok {ilkede,
ciftlik hayvanlarinin verimleri ile yemden yararlanma
etkinligini yiikseltmek ve hastaliklardan korumak
icin birgok yem katki maddeleri kullanilmaktadir.
Antibiyotikler, probiyotikler ve prebiyotikler s6z konusu
katki maddeleri igersinde en fazla taninmig olanlari
olup, hayvanlarin rumen ve bagirsaklarindaki mikrobial
ekosistem ve fermantasyon Ozelliklerini diizenlemek
amactyla kullamlmaktadir (Kogyigit ve ark. 2015).

Ince bagirsaklarda mikroorganizma dengesinin
olumlu yonde degistirilmesi sonucu konak¢i hayvani
faydali yonde etkileyen canli mikrobiyal yem katki
maddesi olarak tanimlanan probiyotikler; terim olarak
canli mikrobiyal kiiltiirler, kiiltiir ekstraktlari, enzim
preparatlart ve bunlarin farkli kombinasyonlarin1 da
ifade eden genig bir anlamda, bir ¢ok ¢esit iirlinii igine
almaktadir (Krehbiel et al., 2003). Ancak son yillarda
bu terim Amerika Birlesik Devletleri Tarim Bakanligi
tarafindan yeniden diizenlenerek yem fabrikalarinin
“probiyotik” ifadesi yerine “Dogrudan Yedirilen
Mikroorganizmalar” (Direct-Fed Microbials) (DFM)
ifadesinin kullamma gegirilmesini zorunlu kilmustir.
DFM ile probiyotiklerin anlami daraltilarak “dogal
olarak mevcut mikroorganizmalari (bakterileri ve/veya
mayalar1) igeren yem katki maddeleri” tanimlanmistir
(Seo et al., 2010).  Son yillarda ¢iftlik hayvanlarinda
antibiyotiklerin diisiik dozlarda yem katki maddesi
olarak kullanimi, hayvanlardan insanlara gegebilen
hastaliklara neden olan bakterilerin antibiyotiklere karsi
diren¢ kazanmaya baslamasi ile et ve siitteki antibiyotik
kalintilar1 ve antibiyotiklere direngli genlerin yayilma
potansiyeli kaygilariyla basta AB iilkeleri olmak
iizere llkemizde dahil olmak iizere bir cok iilkede
yasaklanmigtir (Diler ve ark. 2015). Bunun sonucu
olarak, ozellikle sigir yetistiriciligi ve diger hayvancilik
kollarinda antibiyotik ve diger biiylimeyi tesvik edici
maddelere karsi artan endise ve kaygilarin sonucu
yetistiricileri DFM gibi alternatif yem katki maddelerine
yoneltmistir (Aydin ve ark. 2008).

DFM’NIN YEM KATKI MADDESiI OLARAK
TARIHSEL GELISIMi

Bakteriyel DFM’nin kullanimmna ait tarihsel
bilgiler Newman and Jacques (1995) ve Krehbiel et al.,
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(2003) tarafindan bildirilmistir. Ik olarak 1908 yilinda
Metchnikoff tarafindan yayinlanan “The Prolongation
of Life” (Hayatin Uzatilmasi) adli eserde, yazar sindirim
kanalinda yasayabilen Lactobasillus’larm tiiketilmesinin
¢ok faydali oldugunu ileri siirmiistiir (Yoon and Stern,
1995). Bulgarlarin genellikle uzun 6miirlii olmalarinin
bir nedeni olarak ta, enteropatojenlerin neden oldugu
hastaliklardan koruyucu olan, i¢inde Lactobacilus’larin
mevcut oldugu fermente siit triinlerini tiiketmeleri
gosterilmistir. Bu fikir, 1920 lerde
tiirlerinin etkinligi tizerine bir cok ¢alismanin yapilmasina
yol agmig, ve 1930 larin ortalarinda Lactobacillus
acidophilus terapilerinin popiilaritesi zirveye ¢ikmigtir. I1.
Diinya savasini takiben, etkinligi ¢ok fazla olan ve biitiin
bagirsak mikroorganizmalarini yok eden antibiyotiklerin
kullaniminin artis1 ile popiilaritesi azalmistir. Yine
de o yillarda, antibiyotik kullanimmin bir yan etkisi
olarak, “antibiyotik ishalleri” ndeki artisa bagli olarak,
bagirsak mikroflorasinin yeniden olusumuna yonelik
Lactobacillus acidophilus tedavileri yeniden glindeme
gelmistir. 1950 lerden bu giine kadar insan ve hayvanlar
icin DFM lerin gelistirilmesi konusunda calismalar
devam etmektedir (Seo et al., 2010).

Lactobacillus

DFM OLARAK KULLANILAN
MIiKROORGANIZMALAR

Genel anlamda DFM olarak kullamilan bakteriler
laktik asit {ireten, laktik asit kullanan ve diger
mikroorganizmalar olarak smiflandirilmaktadir (Seo
et al., 2010, Anonim, 2016). Bu smiflara giren ve en
yaygin DFM olarak kullanilan mikroorganizmalar
Bifidobacterium,
Streptococcus, Bacillus ve Propionibacterium cinsleridir
(Cizelge 1). Megasphaera elsdenii ve Prevotella bryantii
gibi mikroorganizmalarda rumen fonksiyonlarini
iyilestirmek ve stabilize etmek i¢in DFM olarak
kullanilabilmektedir.

ise Lactobacillus, Enterococcus,

Ruminant hayvanlarda DFM yi olusturan
mikroorganizmalar ilk olarak rumende g¢ogalarak, onun
mikrobiyal ekosistemini ve fermentasyon ozelliklerini
etkiler ve degistirir. Rumenin yami sira, bagirsaklarda
mikroorganizmalar i¢in ilave bir konakg1 alani olusturur.
Rumende laktik asit iiretimi ve kullanim1 hayvan sagligi
ve yemden yaralanma o&zellikleri bakimindan yakinda
iligkilidir. DFM igerisinde bakterilerin disinda maya
ve kiiflerinde ayr bir yeri bulunmaktadir (Kocaoglu ve
Kara, 2009).
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Cizelge 1. Ruminant rasyonlarinda DFM olarak kullanilan mikroorganizmalar.

Cins (Genus)

Tiir (Species)

Laktik asit iireten bakteriler

Lactobacillus

Lactobacillus acidophilus

Lactobacillus casei

Lactobacillus cellobiosus

Lactobacillus curvatus

Lactobacillus delbrueckii

Lactobacillus fermentum

Lactobacillus helveticus

Lactobacillus lactis

Lactobacillus mesenteroides

Lactobacillus bulgaricus

Lactobacillus plantarum

Lactobacillus salivarius

Lactobacillus reuteri

Lactobacillus gallinarum

Bifidobacterium

Bifidobacterium pseudolongum

Bifidobacterium longum

Bifidobacterium lactis

Bifidobacterium thermophilium

Bifidobacterium infantis

Bifidobacterium animalis

Bifidobacterium bifidum

Bifidobacterium adolescentis

Streptococcus

Streptococcus bovis

Streptococcus faecium

Enterococcus

Enterococcus faecium

Enterococcus faecalis

Laktik Asit Kullanan Bakteriler

Megasphaera

Megasphaera elsdenii

Propionibacterium Propionibacterium shermanii
Propionibacterium freudenreichii
Propionibacterium acidipropionici
Propionibacterium jensenii
Diger Bakteriler
Prevotella Prevotella bryantii
Bacillus Bacillus coagulans
Bacillus subtilis
Bacillus licheniformis
Bacillus lentus
Bacillus pumilus
Mayalar
Saccharomyces Saccharomyces cerevisiae
Saccharomyces boulardii
Funguslar (Kiifler)
Aspergillus Aspergillus oryzae
Aspergillus niger
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DFM’NIN ETKINLIGINI VE AKTIiVITESINi
BELIRLEYEN FAKTORLER

DFM ‘ler toz, macun, jel, hap veya kapsiil seklinde
bir ¢ok formda mevcut olup, igme suyu, siit, siit ikame
yeminde eritilerek veya yeme iyice karistirilarak veya
yemin lizerine serpilerek hayvanlara verilebilirler
(Anonim, 2016).

DFM ‘lerin etki gosterebilmeleri i¢in rumeni
gecerek bagirsaklara ulagmalari gereklidir.
DFM ‘ler normal rumen pH sina karsin dayamiklh
olmalarma ragmen, yiiksek rumen asiditesi durumu,
mikroorganizmalarin ~ pek  ¢ogunun
neden oldugundan ince bagirsaklara ulasamazlar.
Bagirsaklara ulagmayi basaran mikroorganizmalar,
buradaki villuslara yerlesirler. Etkinliklerini tam
olarak gerceklestirebilmek icin bagirsak liimeni yerine
bagirsak epitheline kolonize olmalart gereklidir.
Buradaki mikroorganizmalar, mukoz madde igindeki
miisin maddesini enerji kaynagi olarak kullanir ve
mukoza yiizeyini Orten bu salgi igerisinde cogalir
(Karademir ve Karademir, 2003).

ince

olumiine

DFM ‘lerin etkinligi ayrica bunlarin ne zaman
kullanildig: ile de iligkilidir. DFM nin rasyona ilavesi
faydali bakterilerin yenilenmesi ve hizla sindirim
sisteminin dengeli mikroflorasina dénmesine yardimci
olur. DFM kullanimma en 1iyi yanitlar asagidaki
durumlarda kendini daha c¢arpici olarak gosterir.
Ornegin, yeni dogan ruminantlarnormal sartlarda faydali
mikroorganizmalar1 analarindan veya c¢evrelerinden
edinirler. Dolayisiyla,sindirimsistemininerkendénemde
DFM ile faydali bakterilerle tanisip bunlarin kolonize
olmasi arzu edilir. Ayrica, siitten kesim doneminde
siitten bitkisel orjinli yemlere olan gecis sirasinda
yeterli diizeyde gen¢ hayvanlarin sindirim sisteminin
gelismemesi durumunda yine DFM uygulamasi ile
istenen diizeyde faydali mikroorganizmanin sindirim
sistemine yerlesimi saglanabilir. Bunlarla birlikte,
tagima, asilama vs stres olusturan kosullar hayvanlari
strese sokarak istah azalmasina ve bunun sonucu
olarak yem alimimi ve sonugta canl agirlik artisinin
diismesine neden olabilir. S6z konusu durumlarda DFM
uygulamalaria hayvanlarin tepkisi en iyi bir sekilde
gerceklesmektedir. Antibiyotik tedavi durumlarinda
da sindirim kanalindaki Lactobacillus ve diger faydali
mikroorganizmalarin sayist 6énemli 6l¢iide diiser. Bu
durumlarda da DFM uygulamalarina en iyi yanitlarin
elde edilmesi s6z konusudur (Anonim, 2016).
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DFM ‘lerin stabilitesi ¢ok 6nemli bir konudur.
Icersindeki mikroorganizmalarin  etkili olunacak
hayvanlara canli bir formda ulastirilmas1 gereklidir.
Bu nedenle iiretici firmalarin saklama ve tasima
konularindaki tavsiyelerine uyulmasi gereklidir. Bir ¢ok
DFM ler kuru ve serin ortamlarda depolanip taginmasi,
direkt giin 15181na ve yiiksek neme maruz kalmamasi
gereklidir. Paketleri acildiktan sonra sikica kapatilarak
kullanilmayan kismin canliligi korumalidir. Demir
ve bakir iyonlar1 basta olmak ilizere mineral madde
premixleri, yliksek konsantrasyonlarda vitaminler
(6zellikle vitamin K), antibiyotikler ve bazi koruyucu
maddeler ve bazi oksidatif ajanlarin da DFM {izerine
olumsuz etkileri oldugu bildirilmistir (Quigley, 2011).

DFM’LERIN ETKIi MEKANIiZMALARI

DFM ‘lerin etki mekanizmalar1 hakkinda birgok
gorts ileri siiriilmekte olup bunlarin etkileri rumende
ve rumen sonrasl gelen gastrointestinal sistemin alt
boliimleri olmak tizere iki boliimde incelebilir.

DFM’lerin Rumendeki Etki Mekanizmalari

Genellikle bakteriyel DFM ‘ler sindirim kanalinin
rumenden sonra gelen alt kisimlarda potansiyel
olarak faydali etkilere sahiptirler (Alp ve Kahraman,
1996). Ancak bazi bakteriyel DFM lerin rumende de
fonksiyonel pozitif etkileri oldugu da tespit edilmistir
(Krehbiel et al., 2003). Bakteriyel DFM ‘leri olusturan
mikroorganizmalardan, laktik asit iireten bakterilerin 1)
rumende devamli ve sabit miktarda laktik asit iiretimi,
i1) ruminal mikroorganizmalarin laktik asitin varligina
adapte olmalari, iii) laktik asit kullanan bakterilerin
stimiilasyonu, iv) ruminal pH nin stabilizasyonu
yoluyla pozitif etkiyi sagladig1 konusunda ileri siiriilen
mekanizmalarin (Ghorbani et al., 2002; Beauchemin et
al., 2003; Raeth-Knight et al., 2007) yani sira, laktik
asit kullanan bakterilerin de 1) laktik asidin ugucu yag
asitlerine dontstiirilmesiyle (Megasphaera elsdenii)
ii) laktik asit tiretiminden ziyade propiyonik asit
spp.), iii) yemden
yaralanmanin iyilestirilmesiyle, iv) metan {iretiminin
azaltilmasiyla sagladigir bildirilmektedir (Hutjens,
2007). Fungal DFM lerin etki sekillerine ait ileri
stiriilen teoriler ise, s6z konusu bu mikroorganizmalar
faydali etkilerini i) rumende oksijen seviyesinin
diisiiriilmesiyle, ii) organik asitler ve B vitamini gibi
biiyiime faktdrlerinin sentezini yaparak, iii) rumende

iretimiyle (Propionibacterium
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mikroorganizma sayisini ve aktivitesini artirarak, iv)
ucucu yag asitleri, ruminal proteinler gibi ruminal son
uriinlerde artis saglayarak, v) rumende sidirilebilirlik
oraninda artis sagladigi bildirilmistir (Dutta et al.,
2009).

DFM ‘ler i¢ersinde laktik asit kullanan bakterilerin
laktik asit konsantrasyonunu disiirdiigli ve ruminal
pH y1 korudugu bildirilmistir. Ornegin Megasphaera
elsdenii laktik asitten yararlanabilen bakterilerden
olup ve yiiksek oranda fermente olabilen nisasta,
glukoz, sellobiyoz gibi maddeleri yiiksek oranda iceren
rasyonlarla yapilan beslemede rumende laktik asit
birikimini 6nledigi ve hizli ve keskin pH disiisiinii
onleyebildigi, ayrica, Megasphaera elsdenii ilavesinin
laktasyonun ilk donemindeki hayvanlarda akut
asidosisin 6nlenmesinde de etkili olabilecegi Kung and
Hession (1995) tarafindan bildirilmistir.

Propionibacteria laktik asidi propiyonik aside
fermente eder ve laktasyonun ilk déneminde propiyonik
asit glukoneojenesisin ana prokiirsér maddesi oldugu
icin, rumende propiyonik asidin artig1 hepatik glukoz
iretimini de artirmaktadir (Weiss et al., 2008). Ayrica,
laktoz sentezi igin artan glukoz miktarlar1 % 4,4
oraninda enerjitik etkinligi artirdigi ve ketosisi azalttigi
da Weiss et al., (2008) tarafindan rapor edilmistir.

Ruminant beslemede kullanilan maya igerikli
DFM ‘ler verimi pozitif yonde etkiledigi gibi rumen
fermentasyonunu da normallestirir (Swartz et al., 1994).
Mayalarin rasyona ilavesi ile rumendeki bakteri sayisi
onemli Olglide artmaktadir. Karademir ve Karademir
(2003) in bildirdigine gore, mayalar rumendeki
oksijeni kullanarak ortamdan uzaklastirmakta, redoks
potansiyelini diisiirerek (-20 mV a kadar) aerobik
patojenlerin oksijenden yararlanmalarini engellemekte
ve gelisimlerini durdurmaktadir. Rumendeki degisim,
sellulolitik bakterilerin gelisimi i¢in miilkemmel bir
ortam olusumunu saglarken, bu bakterilerin kaba
yeme yapismalarini stimiile etmekte seliilozun
pargalanma hizin1 yiikseltmektedir (Roger et al.,
1990). Chaucheyras et al., (1995) da invitro olarak
Saccharomyces cerevisiae’in ruminal bakterilerden
Streptococcus bovis ve Megasphaera elsdeni ile
birlikte laktik asit metabolizmasi {izerine etkilerini
arastirdiklar1 bir calismada, Saccharomyces cerevisiae
‘nin organik asitler ve vitaminler gibi biiyiime faktorii
saglama yeteneginde oldugunu ve bunun sonucu
olarak sellulolitik ve laktik asit kullanan bakterilerin
(Megasphaera elsdenii) rumen popiilasyonunu stimiile
ettigini bildirmislerdir.
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Bagirsaklarda DFM ‘lerin Etki Mekanizmalari

Bakteriyel DFM ‘lerin ince bagirsak duvarinda
patojen mikroorganizmalarla kolonizasyon ve besin
maddeleri agisindan bir miicadele igersinde olusu
DFM
bolgede yaptigi etkileri agiklamaya yonelik ilk teoriyi

yoniindeki diisiinceler, ‘lerin s6z konusu
olusturmustur. Konu ile ilgili ilk ¢calismada Jones and
Rutter (1972), diyareye neden olan ve enterotoksin
treten E. coli’ nin suslari i¢in bagirsak duvarma
tutunmanin ¢ok 6nemli oldugunu ileri siirmiistiir. Bu
tutunma isleminin mikroorganizmalarin ¢ogalmalarini
artirmakta ve bagirsaklarin peristaltik hareketleri
sonucun s6z konusu mikroorganizmalarin sindirim
kanalindan uzaklastirilmasini azaltmaktadir (Salminen
et al., 1996). Yapilan galismalarda bakteriyel DFM
ilave edilen rasyonlarla beslenen buzagilarda ve
domuz yavrularinda yliksek miktarda Lactobacillus
ve az sayida ise E. coli ‘ye rastlandig1 Abu-Tarboush
et al.,, (1996) tarafindan bildirilmistir. Lee et al.,
(2003) da L. rhamonsus’ un hidrofobik interaksiyonla
bagirsak epitel hiicrelerine baglandigin1 ve patojen
absortif
kolumnar epitel yapisindaki hiicrelerin reseptorlerine

mikroorganizmalarm ince bagirsaklarin
baglanmalarin1 sinirladigi bildirmislerdir. Ayrica L.
rhamonsus’ un enteropatojenik ve enterotoksijenik
E. coli ve Klebsiella pheumonia ‘larin sindirim
kanalina yapismalarii azalttigi Forestier et al., (2001)

tarafindan da rapor edilmistir.

Ince bagirsaklarda DFM “lerin ortaya koyduklar1
faydali etkileri agiklamaya yonelik ileri siiriilen
ikinci mekanizma DFM ‘lerin antibakteriyel
etkileridir. Lactobacillus’larin bir ¢ok tiirliniin patojen
mikroorganizmalarin gelisimini 6nleyici (inhibitor)
etkisi oldugu, ornegin Lactobacillus acidophilus’un
enteropatojenik E. coli, Salmonella typhimurium,
Staphylococcus aureus ve Clostridium perfringens
‘e kars1 antagonistik etkiye sahip oldugu Blake and
Clinton (2012) tarafindan bildirilmistir. Laktik asit
ireten bakterilerin diger bakterileri 6ldiirmek igin
iirettikleri zehirli protein olan bakteriyosinler Cotter et
al., (2005) tarafindan ortaya konulmustur. Anaerobik
sartlarda glikoz ve gliserolin mevcut oldugu
durumlarda Lactobacillus reuteri tarafindan iiretilen
reuterin hedef mikroorganizmalarin riboniikleotid
rediiktaz’in alt {nitesine substratlarin baglanmasini
engelleyerek soz konusu mikroorganizmalarin DNA
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sentezini bozdugu Dobrogosz et al., (1989) tarafindan
bildirilmistir. Ayrica, laktik asidin gastrointestinal
sistemdeki mevcudiyetinin ortamin pH sin1 diisiirmesi

nedeniyle bir ¢ok patojen mikroorganizmanin

cogalmasmi engelledigi de ileri siirtilmektedir
(Karademir ve Karademir, 2003).
Laktik asit bakterileri tarafindan iiretilen

hidrojen peroksit, patojen mikroorganizmalara karsi
antogonistik reaksiyonlardan da sorumlu olabilecek
diger bir grup maddelerdir (Blake and Clinton, 2012).

bakterisidal (bakteri
oldiiriicii) aktivitesi oldugu, bakteri hiicresini hiicresel
proteinlerde siilfidril gruplari, membran lipidlerini

Hidrojenperoksitin

okside ettigini ve sonugta glikoz transport enzimlerini,
hekzokinaz, gliseraldehit-3-fosfat dehidrojenaz gibi
metabolik enzimlerde siilfidril gruplarin oksidasyonu
ile glikolisisi bloke ettigi Dicks and Botes (2010)
tarafindan bildirilmistir. Bu konuda yapilan diger
bir calismada da Holzapfel et al., (1995) laktik
asit bakterilerinin hidrojenperoksit irettigini ve
bununda etkin bir sekilde Streptococcus aureus ve
Pseudomonas spp.
ortaya koymuslardir.

lerin gelisimini durdurdugunu

Konak¢t  hayvanin  bagigiklik

degisimi, DFM ‘ler tarafindan olusturulan sindirim

fonksiyonun

sisteminin ve konak¢min genel saghgini ve
performansini iyilestiren etki mekanizmalarindan bir
digerini teskil etmektedir (Blake and Clinton, 2012).
Sindirim sisteminde makrofajlar, nétrofiller, dogal
katil hiicreler, dentrik hiicreler, T ve B lenfositler gibi

immiin sistem hiicreleri mevcuttur.

DFM ler sindirim sistemine alindiginda endositoz
yolu ile bagirsak epitel hiicrelerine alinirlar. Hiicrelere
ulagan antijenler, makrofajlar ve dentrik hiicreler
tarafindan yutulur ve bagisiklik sistemi uyarilir
(Dicks and Botes 2010). Laktik asit {ireten bakteriler
bagisiklik sistemini stimiile eden sitokininleri iiretmek
tizere makrofajlar1 harekete gegirir. L. casei ve L.
rhamnosus un makrofajlarin TNF-a (tiimo6r nekrosis
faktor-a) y1 salgilamasini uyardigi ve diizenleyici
dentrik hiicrelerin gelisimini artirdigit Matsuguchi et
al., (2003) tarafindan bildirilmistir. Ayrica, rasyon
yolu ile alinan DFM lerin genellikle artan fagositoz
ve dogal katil hiicre aktiviteleriyle birlikte yiikselen
Immiinglobiiliin A (IgA) ve azalan IgE iiretimleri ile
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bagisiklik sistemini etkiledikleri Krehbiel et al., (2003)
tarafindan rapor edilmistir.

DFM ‘lerin ince bagirsaklardaki bir diger etki

seklinin konak¢r hayvanin enzim aktivitelerini

etkileyerek gerceklestirdigi ileri siiriilmiistiir (Hutjens,
2007). Faydali Bacillus spp. ler proteaz, amilaz,
lipaz ve glikosidaz gibi ¢esitli enzimler {iretirler.
DFM ler ayrica ince bagirsaktaki toksik enzimlerin
azaltilmasina da sebep olurlar. Bazi mikroorganizmalar
tarafindan {iretilen aminler toksik etkili olup, isallerle
yakindan iligkilidirler. Laktik asit bakterileri amin
konsantrasyonunu azaltarak sindirim sistemindeki
entero-toksinleri nétralize ederler.
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