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Ozet

Klinik sitogenetik, insan kemik iligi, fibroblast hiicreleri ve lenfosit hiicrelerini dis ortamda iiretip metafaz agamasinda durdurmak sureti ile
mikroskop preparatlart hazirlanmasi, bu preparatlarin boyanmasi, kromozomal bantlarin elde edilmesi ve insan kromozomlarinin sayisal ve
yapisal olarak degerlendirilmesi ¢aligmalari olarak 6zetlenebilir. Klinik sitogenetik c¢aligmalar: goriiste basit bir hiicre kiiltiirii ¢aligmasini
takiben yapilan preparat boyanmasi gibi basitge dzetlense de, aslinda zahmetli, sabir isteyen, uzman ve tecriibeli laboratuvar personeline ihtiyag
duyulan, hassas, kimi zaman iklim ve bolgesel kosullar tarafindan bile etkilenen siiregleri icerir. Dolayisi ile sitogenetikte yeterli ve kaliteli
metafaz alani elde etmek zordur. Bu nedenle bu ¢alismada sitogenetikte yeterli say1, kalite ve yiiksek bant ¢oziiniirliigiinde metafaz alani elde
etmek i¢in yapilmast gerekenlerden bahsettik. Periferik kan ve kordon kani hiicre kiiltiirii ile hiicre iiretim agamalar1, boyama prosediirleri
karsilastirilarak, en etkili yontemler ve bu asamalarda dikkat edilmesi gereken noktalar belirtildi. Klinik sitogenetikte hangi drnek ¢alisiliyorsa
¢alisilsin en kritik asama hiicre kiiltiirii evresidir. Numunenin alinmasi, numunenin durumu, ekim agamasi, ekim sonrasi inkiibatorde tireme ve
enfeksiyon takibi, kan kiiltiiriinde inkiibatérde bulunan 6rnegin ¢okelmesinin 6nlemesi, besiyeri se¢imi, besiyeri takibi, fiksasyon agamasinda
¢ok yavas metanol-asetik asit eklenmesi 6zellikle onem tagimaktadir.

Anahtar Kelimeler: Klinik sitogenetik, Karyotip, Hiicre Kiiltiirii, Kromozom Boyama

Points to Be Considered to Obtain Quality Metaphase Area in Clinical Cytogenetic
Laboratory

Abstract

Clinical cytogenetics, production of human bone marrow cells, fibroblast cells and lymphocyte cells in vitro, preparation of microscope
preparations and stopping in the metaphase stage this cells, staining of these preparations, obtaining of chromosomal bands and quantitative and
structural evaluation of human chromosomes can be summarized. Clinical cytogenetic studies involve processes that are sensitive, sometimes
even influenced by climate and regional conditions, which are simply summarized by a simple cell culture study following a simple cell culture
study, but in fact require laborious, patient, expert and experienced laboratory personnel. Therefore, it is difficult to obtain sufficient and high
quality metaphase area in cytogenetics. For this reason, we mentioned in this study what to do in order to obtain metaphase field in cytogenetics
in sufficient number, quality and high band resolution. The most effective methods and the points to be noted in these steps were determined
by comparing the staining procedures of cord blood, peripheral blood cell culture with cell culture stages. If the sample is studied in clinical
cytogenetics, the most critical stage of the study is the cell culture stage. Addition of methanol-acetic acid is particularly important for the
sampling of the sample, the state of the sample, the stage of sowing, the growth and infection in the post-sowing incubator, the prevention of
precipitation in the incubator in the blood culture.

Keywords: Clinical cytogenetics, Karyotype, Cell culture, Chromosome staining
GIRiS

Genetik arastirmalar genom projesinin
gerceklestirilmesi, insan genetik yapisinin tamamiyla
ortaya konulmasiyla giiniimiizde biiyilik ilerlemelere tanik
olmustur. Mevcut aragtirmalar 1s1§inda kanser ve diger
bir¢ok hastaligin temelinde hiicre boliinmesini ve replikayon vucut yapist ile ilgili) ve gonozomal (cinsiyet ile
mekanizmalarinin regiilasyonu kontrol eden genlerde ortaya ilgili) olarak degerlendirilmekteydi. Fakat giiniimiizde
cikan mutasyonlarin neden oldugu ortaya konulmustur [1]. bu simflandirmadan  vazgegilmistir  [4]. ~ Giintimiizde
Bu gelismelere ragmen genlerin ortaklasa etkilesimleri, kromozomal anomaliler yapisal ve sayisal olarak iki farkli
aktivite alanlar1 ve senkronizasyonlar1 tamamiyla ¢oziilmiis kategoride ~ degerlendirilmektedir. ~ Sayisal =~ anomalilere
degildir. Genom projesinin sagladigi biiyiik miktardaki ornek verilecek olursa toplumda diger genetik anomalilere
verinin artik giinlimiizde yorumlanip, metabolizma ve genetik nazaran en yaygin goriileni Down sendromu (trizomi 21)

sitogenetik arastirmalar rutin sitogenetik laboratuvarlarinda
gerceklestirilmektedir [3]. Konvansiyonel klinik
sitogenetik aragtirmalari rutin olarak yaklasitk 50 yili
agskin bir siiredir devam etmektedir. Bu c¢alismalarin
baslangicinda kromozomal anomaliler otozomal (genel

hastaliklarin genetik mekanizmalarinin aydinlatilabilmesi
icin biyoinformatik bilimi ortaya ¢ikmustir [2].

Biitiin bu gelismelerin dncesinde ¢ogu hastaligin ilgili
oldugu gen ve kromozom bolgeleri neredeyse tamamen
aydinlatilmistir.  Bu  hastalaliklarla ilgili  molekiiler

vakasidir. Trizomi 18, trizomi 15, trizomi X, tetrazomi X
digerlerine ornek verilebilir. Cinsiyet kromozomlarinda
ortaya ¢ikan monozomi, trizomi ve tetrazomiler genel olarak
yasamla bagdagmakla birlikte lireme ve zeka sorunlarina
neden olmaktadir. Otozomal kromozomlarin trizomileri
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ciddi metabolik ve yapisal hasarlara neden olabilmektedir.
Yapisal anomalilerin baginda translokasyon gelmektedir.
Translokasyonlar neticesinde parga kaybi olmamigsa
dengeli translokasyon, eger parca eksilmigse dengesiz
translokasyonlardan bahsedilir. Dengesiz translokasyonlar
delesyonlara neden olacagi i¢in prenatal sitogenetikte
olduk¢a oOnemlidir [5]. Yapisal anomalilerin digerlerine
inversiyonlar, delesyonlar ve duplikasyonlar &rnek
verilebilir. Her ne kadar yapisal yeniden diizenlenmeler
dengeli olarak degerlendirilse de kopma ve yapisma
bolgelerinde olabilecek muhtemel gen hasar ve kayiplari
ihtimali her zaman i¢in mevcuttur. Marker kromozomlar ise
sentromer bdolgesinin varligr veya yokluguna bagl olarak
vucut hiicrelerine esit olarak dagilmamakta etkileri ise
heterokromatin ve okromatin bdlge varligina bagli olarak
degismektedir [6].

Giinlimiizde yukarida bahsedilen triploidi, translokasyon,
inversiyon, duplikasyon, delesyon ve marker kromozomlar
gibi yeniden diizenlenmeler molekiiler yontemler ile de
tespit edilmektedir. Fakat bu molekiiler yontemler sadece
belli kromozom ve kromozom bélgelerine 6zel oldugundan
dolay1 hastanin biitin kromozomlarinin normalligi veya
anormalligi konusunda karar vermemizi saglamaz. Ayrica
sitogenetik ve molekiiler genetik testlerinin birbirlerini
destekler bigimde uyumlu olmalar1 hastalik hakkindaki
taniy1 gliclendirmektedir [7].

Sitogenetik testler hasta karyotipinin belirlenmesi
konusunda alternatifsiz olmakla beraber sonuglarin nispeten
uzun siirede ¢ikmasi, deneyimli laboratuvar personeline
ihtiya¢g duyulmasi, mevsimsel dongiilerden etkilenmesi
ve ¢ok asamali olmalart giigliikler yaratmaktadir [8]. Bu
nedenlerden dolayr mevsimsel ve bolgesel farkliliklara
dayali laboratuvar optimizasyonlarinin iyi yapilmasi ve sinir
degerlerinin belirlenmesi, FISH ¢aligmalarinda labaratuvar
hata oranin1 veren cut — off iyi hesaplanmast sonuglarin
giivenligi ve kalitesi agisindan 6zellikle onemlidir [9].

Bu yazida dogum oOncesi ve erigkin hastalarin genetik
testlerinde kullanilan konvansiyonel sitogenetik testlerinden
kan kiiltiiriinden bahsedilecektir.

MATERYAL VE METOT

Periferik kan Kkiiltiirii: Besiyeri Ortami olarak
Rpmi 1640 (100 ml), Fetal Calf Serum (20 ml),
Penicilline-Streptomycin (2 ml), L-Glutamine (2 ml),
Phytohemaglutinin ( 3 ml ), Kolsemid: 2-3 Damla,
Hipotonik: (0.075 M Kcl ), 0.56 G Bidistile Su, 100 ml
Fiksatif: Glasial Asetik Asit 1 Hacim Methanol 3 Hacim
gereken malzemelerdir. Steril enjektére 0.5 ml heparin
cekilir. Enjektor heparinize edildikten sonra hastadan en az
2-3 ml veno6z kan alinir. Ekim agamasi laminar flow’da steril
kosullarda gerceklestirilir. Steril konik kiiltiir tiipiin {izerine
hastanin adi, soyadi , ¢alisilan yontem, tarih , saat yazilir.
Steril kosullarda icinde besi ortami bulunan konik kiiltiir
tiiptine 9-11 damla damlatilir. Kapak kapatilir. Tiip hafifce
alt-tist edilerek karigimi saglanir [10]. Bu miktar bebekler
i¢in 5-6, kordon kani igin 3-5 damladir. Tiip 37°C etiivde
72 saat bekletilir. 70. saatte (ya da 67-68. saatte) enjektore
¢ekilmis kolsemidden 2-3 damla kiiltiir ortamina damlatilir.
Tiip igerigi hafifge karistirilir. 2 saat (ya da 75 dakika ) 37°C
etiivde bekletilir. Tiip etiivden ¢ikartilarak 10 dakika 1.000
rpm de santrifiij edilir. Tipiin dibinde yaklasik 1 ml kalacak
sekilde supernatant pastor pipeti ile atilir. Dipte ¢okmiis
sekilli elemanlar tizerine 0.075 M KClI soliisyonundan 5 ml
eklenir. 20- 35 dk etiivde bekletildikten sonra 1.000 rpm

de 10 dakika siireyle santrifiij edilir. Supernatant atildiktan
sonra hiicre kiimesinin tizerine mikser kullanilarak soguk ve
yeni hazirlanmis fiksatiften damla damla 5 ml eklenir. Bu
asamada +4° C de bir gece veya -20° C’de 30 dk. bekletilir.
Fiksatifile yikama islemi en az 3 kez tekrarlanir. En sonunda
hiicre kiimesi beyaz bir renk aldiktan sonra supernatant atilir.
Yaklasik 0.5 ml kadar birakilan ¢okeltinin tizerine 0.5-1.0
ml fiksatif eklenir. Hiicreler pastor pipetiyle yavas yavas
pipetaj yapilarak karistirilir. Daha 6nce hazirlanmis soguk
ve 1slak lamlara 45°° lik a¢1 ile 3-4 damla damlatilarak
yayim saglanir. Preparatlar bantlanma teknikleri uygulamak
iizere kapali bir yerde saklanir [11-12]. Kuruyan preparatlar
Tripsin-Giemsa Bandlama yontemi ile boyanir. Bu yontem
icin gerekenler: PBS soliisyonu (Phosphate buffered saline).
PBS hazirlamak i¢in: 1 litre distile su i¢ine 8 gr NaCl, 0,2
gr KCl, 0.2 gr KH,PO,, 2.319 gr Na,HPO,.12 H,O eklenir.
A solusyonu hazirlamak igin: 1 litre distile su i¢inde 9.073
gr KH,PO, karistirtlir. B solusyonu hazirlamak igin: 1 litre
distile su iginde 11.87gr Na,HPO,.2 H,O ya da 23.864 gr
Na HPO,.12 H,0O karstirilir [13-14]. YONTEM: 1) 5 adet
saleye sunlar konur.Birinci sale: 40 mgr Tripsin, 80 ml PBS,
Ikinci sale: 80 ml PBS, Ucgiincii sale: 53 ml A soliisyon, 47
ml B soliisyonu, 2 ml Giemsa boyasi, Dordiincii sale : Su,
Besinci sale : Su 2) Preparantlarin bekleme siiresine gore
Tripsinde bekletilme siiresi deneme preparatlari ile belirlenir.
3) 1. Saleden ¢ikarilan preparatlar 2. Salede yaklasik 15 sn
calkalanir ve Giemsa salesine konur.4) Giemsa boyasinda
6-10 dakika tutulduktan sonra preparatlar 4 ve 5. salelerdeki
distile sulardan gegirilerek kurumaya birakilir. 5) Boyanmis
preparatlarin 151k mikroskobunda sayim ve analizi yapilir
[15].

BULGULAR VE SONUC

Yontem kisminda anlatilan standart kiiltiir ve boyama
prosediiriinde asagida belirtilen noktalara dikkat edilirse her
preparatta 60-70 adet, ¢oziiniirliigli iyi metafaz alani elde
etmek miimkiin olur (Sekil 1).

l. Vendz kan aliminda, kan en uygun damardan zor-
lamadan ideal bir bigimde alinmalidir. Kan alimi 6ncesi en-
jektor heparin ile yikanmali, igerisine 0,5 ml heparin ¢ekil-
melidir. Kan alimindan hemen sonra enjektor elde agagi yu-
kar1 gevirilerek heparinin alinan vendz kana karigmasi, ho-
mojen hale gelmesi saglanmalidir. Miimkiin ise alinan kanin
o giin iginde ekimi yapilmalidir. Eger bekletilecekse +4 C’de
saklanmasi uyundur. Kan prenatal tan1 i¢in kullanilacak kor-
don kani ise alinmasini miitakip KClI ile fetal-maternal olup
olmadiginin belirlenmesi i¢in o anda test edilmelidir. Kan
kiiltiirtiniin basarili olabilmesi i¢in hastanin o esnada kullan-
mis oldugu ilaglar ve tedavi varsa bilinmesinde fayda vardir.

II.  Kan ekimi laminar flow kabininde yapilmalidir.
Ekim esnasinda tiiplerin agz1 bek alevinden gegirilmelidir.
Kan kiiltiirinde enfeksiyon nadir gozlenen bir durumdur,
fakat sterilizasyona dikkat etmekte fayda vardir. Ekimden
once enjektor ucu ¢ikartilmali, enjektdr agzindaki 3-4 dam-
la kan disar1 atilmali, enjektoriin pistonu 1 ml hava boslu-
gu kalacak sekilde geri ¢ekilmeli, bu sekilde hava boslugu
olusturulan enjektdre ucu tekrardan takilarak, enjektor 5-6
defa yukar1 asag1 dondiiriilerek i¢indeki kan Srneginin iyice
karigmasi saglanmalidir. Bunun nedeni eritrositlere gore ¢ok
az oranda bulunan lemfositlerin kan 6rnegi icinde homojen
dagilmasinin saglanmasidir. Kan ven6z kan ise 10-11 damla,
kordon kani ise 4-5 damla 5 ml besi yerine ekilmedir. Ekim
sonrasinda falkon tiipii agz1 hizlica bek alevinden gegirilmeli
ve beklemeden kapagi kapatilmalidir. Ekim tiipli 3-4 defa
nazik¢e yukari-asagi cevirilerek karigmasi saglanmalidir.
Tiiplere isim yazma ekim oncesinde yapilmalidir. Ekim ya-
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pilaca tiip ve icinde kan bulunan enjektor drneklerin karig-
masini 6nlemek i¢in deney tiipii standina arkali 6nlii yerles-
tirilmelidir.

Ill.  Kan ekimi yapildiktan sonra ¢ikarim islemi yapi-
lincaya kadar her giin, giinde iki defa falkon tiipleri inkiiba-
torden gikartilarak 3-4 defa alt tist edilerek hafif¢e karismasi
saglanmalidir. Bu sekilde kan kiiltiriiniin ¢okerek iremenin
yavaglamasi 6nlenmis olur, daha fazla sayida metafaz alani
elde edilir.

IV.  Kan ekiminden 48 saat sonra damlatilarak ¢ika-
rim giinii metafaz sathasinda daha uzun kromozomlar elde
edilir, bu sayede yliksek bant seviyesini gdrmek miimkiin
olur.

'a.‘ N\ 5 ‘.‘\
i ;.‘;; o }f Bl

Sekil 1. 550-600 bant seviyesinde high resolution
bantlama ile hazirlanmig 46 XX kromozom kurulusuna
sahip normal konstitiisyonel karyotip fotografi (orijinal).

V. Kiiltiirtin 70. Saatinde 2-3 damla kolsemit eklenir
hafifce calkalanarak karistirilir. 2 saat bekletilir, 10 dakika
1.000 rpm de santrifiij edilir, lizeri plastik pipet ile atilir, ¢6-
kelti iizerine ¢ok fazla sarsmadan vortekslenerek hipotonik
eklenir, tekrardan inkiibatore konur. 20 dakika bekletilir. Hi-
potonik siiresi kisa olursa hiicre patlamaz kromozomlar i¢
ice geger ve boyanma basarisiz olur. Hipotonik siiresi uzarsa
kromozomlar daha siskin, metafazlar dagilmis halde gozle-
nir, tam saha elde etmek zorlasir. Hipotonik ¢ozeltisinin si-
caklig1 37 C olmalidir. Bu nedenle ¢ikarim yapilacak giintin
sabah1 hipotonik ¢dzelti inkiibatore konulmalidir.

VI.  Hipotonik siiresi dolan kiiltiir tiipleri 10 dakika
1.000 rpm de santrifiij edilir @istleri pipetle atilir, vortexte
cok yavas damla damla soguk fiksatif (metanol — asetik asit)
eklenir. Her 2-3 saniyede en fazla 1 damla fiksatif eklenme-
lidir. Bu esnada tiip siirekli vortekste spin hareketi yapiyor
olmalidir. Tiipiin dibindeki ¢okelti ve fiksatif karigimi 1,5
— 2 ml oluncaya kadar fiksatif yavas eklenmelidir. Biitiin
tiplerin ilk 1,5 — 2 mI’lik fiksatif ekleme islemi bitince ikin-
ci fiksatif ekleme turuna gegilmelidir. Ikinci turda fiksatif
biraz daha hizli eklenebilir. Tiiplerin i¢indeki ¢ozelti 5 ml
olunca tiipler, tiip sporu iginde -20 C’de derin dondurucuya
konulmalidir. En az 1 giin derin dondurucuda bekletilen
ornekler 1.000 rpm de santrifiij edilip Gstleri pipetle atildiktan
sonra tiizerine soguk fiksatif eklenerek yikanmalidir. Tiip
icerisindeki ¢ozelti tamamen saydamlsincaya kadar yikama
islemi 2-3 defa yapilmalidir.

VIl.  Yayma yapilacak giliniin 6ncesinde lamlar distile
su i¢inde salelere yerlestirilmeli ve -20 C donmalar1 sag-
lanmalidir. Donmus lamlarin saleden ¢ikarilabilmesi igin
yaymadan 1 saat Once ¢ikarilan salelerin kismi ¢oziinmesi
saglanmalidir. Lamlar olduga soguk olmalidir. Aksi takdirde

yapisma ger¢eklesmez.

VIIl.  Yaymadan once tiipler 1.000 rpm de santrifiij edi-
lip tistleri pipetle atilmalidir. Tiip i¢inde 2-3 mm kalinliginda
krem rengi ¢okelti tstinde 1-1,5 ml fiksatif birakilmalidir.
Plastik pipetle 4-5 defa pipetaj yapilarak ¢okeltinin fiksatif-
te homojen ¢oziilmesi saglanmalidir. Sonrasinda 40-45 cm
yiiksekten soguk lam {izerine Z ¢izerek damlatilmalidir. In-

kiibator tepsisine yerlestirilen yayilmis lamlarimn inkiibatorde
kurumasi saglanmalidir. Cok fazla h-kuruyan preparatlarda
kromozomlar ¢ubuk goriiniimiinde olur ve boyama sonrasin-
da bant gézlenmez, tamamen koyu renkte olur. Az kuruyan
preparatlarda kromozomlarin kenarlari ipliksi ¢ikintili rulo
firga goriiniimiinde, siskin olarak gozlenir. Bant olugmaz.

IX. Boyama esnasinda preparatlar oda sicakliginda
olmalidir. Preparat sicakligi tripsin siiresi i¢in Snemlidir.
Tripsin siiresi uzarsa kromozomlar tamamen eriyecegi i¢in
silik bir goriintii olusur, kisa tutulursa yeterince bantlasma
gozlenmez. Tripsin ¢6zeltisi boyama giinii sabah taze hazir-
lanmalidir. Tampon ¢6zeltisi i¢cinde ¢dzlinen enzim soliisyo-
nu boyamadan 3-4 saat 6nce 37 C’de inkiibatorde bekletil-
melidir. Her laboratuvar tripsinde bekletme siiresini kendi
kosullarma gore belirlemelidir.

X.  Hiicre kiiltiiriinde kullanilan besiyerlerinin saklan-
masina ve tarihlerine dikkat edilmelidir. Son kullanma tarihi
yaklasan besiyerlerinin daha verimsiz oldugu goriilmistiir.
Besiyerlerinin rengine dikkat etmek gerekir, 6zellikle sari
renge kayanlarda hi¢ tireme olmamaktadir. Aslinda besi-
yerinin pH degerini gosteren boya indikatorleri pH degisen
besiyerleri hakkinda kullaniciy1 uyarmaktadir. Vakti dolma-
ya yakin besiyerlerine L glutamin eklemekte fayda vardir.
Hipotonik, tampon, boya, fiksatif ¢ozeltileri hazirlaninca
lizerine hazirlanma tarihi not diisiilmelidir. Laboratuvarda
kullanilan distile suyun safligindan ve cam malzemelerin
camasir suyu, deterjan ve mineral kalintis1 icermediginden
emin olunmalidir. Cam malzemeler ¢esme suyundan gegiril-
dikten sonra mutlaka distile sudan gegirilmelidir.

TARTISMA

Klinik sitogenetik calismalari, kromozomlarin
sayisal (trizomiler), yapisal (inversiyon, translokasyon,
ring kromozom, izokromozom) anomalilerini, belirli bir
seviyeye kadar delesyonlari, kromozom varyasyonlarin
belirlenmesi saglar. Bu sayede biiyiikk oranda prenatal
tantya  yardimci  olurken, infertilite  hastalarmin
durumlarinin netlestirilmesinde veya bu hastalara uygun
genetik danigma verilmesini saglar. Sitogenetik sonug
biitlin kromozomlara ayni anda bakma firsati verdigi
icin kapsayict ve klinik acidan ¢ok oOnemlidir. Fakat
800 bant seviyesinde dahi mikrodelesyonlar1 gérmek
mimkiin olmadig1 i¢in, delesyonlar bu sonug ile ekarte
edilemedigi i¢in hastanin durumuna gore molekiiler genetik
yontemleri ile desteklenmesi gerekebilir fakat genetik
tanida ilk ve mutlaka bagvurulmasi gereken yontemdir.
Bu nedenle 6zellikle periferik kan kiiltiirii laboratuvarda
yogun olarak caligilmaktadir. Periferik kan kiiltiiriiniin
asamalarmin inceliklerinin iyi bilinmesi, hastalarin tekrara
gitmemesi, yeterli alan olmasindan dolay1 sonucun hizli
cikmas1 laboratuvar calisanlarmin ytikiinii azaltacak ve
zaman israfinin Online gegecektir. Bu c¢alismada siireler
her laboratuvar i¢in degisiklik gosterebilir, bu nedenle
her merkez kendi iklim kosullarina gore, laboratuvarda
kullandiklart alet ve ekipmanlarin durumuna gore prosediirii
optimize etmelidir.
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Abstract

Micropropagation techniques provide effective and important ways for plant mass propagation. While some cultivated species are still accepted
as comparatively resistant to tissue culture, there are a lot of successful applications of somatic and zygotic embriyogenesis, organaogenesis,
micropropagation have been reported from different type of plant species. /n vitro liquid culture systems are thought to be more efficient than
semi-solid culture systems because of having great advantages of them such as successful automation, big mass production, easy handling,
simple calibration of medium components and culture conditions. Temporary immersion bioreactor systems (TIS) based on liquid medium
usage have been provided many utilities such as reduction of production cost and higher proliferation rate. This review aimed to describe
advantages of micropropagation protocols developed using two different temporary immersion bioreactor systems, SETIS™ and RITA®

Keywords: Micropropagation, plant breeding, plant clonal propagation, TIS

INTRODUCTION

Medicinal plant mass production from embryo, cell
and/or tissue cultures via bioreactor systems is encouraging
for large scale industrial propagation. Bioreactor systems
are largely characterized as closed and controlled systems,
aseptic requirements and controlled microenvironmental
conditions such as pH, temperature, oxygen, aeration,
designed for liquid medium and support for monitoring
(Figure 1). In bioreactor systems, final product can be
biomass production such as shoots or roots, embryonic or
organogenic cells, enzymes or other different metabolites

[1].
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Figure 1. Typical structure of a stirred-tank bioreactor
system [43].

The main purpose of cell cultures is production of
economically important secondary metabolites such as
pharmaceuticals, aromatic and sweetener chemicals. It
is known that Approximately 20,000 metabolites have
been obtained from plants, and each year about 1600 new
secondary metabolites are added [2].

Most of improvement about bioreactors systems have
been carried out by medicinal and cosmetic industry and
there were many problems caused mass product limitation
of plant cell cultures such as contaminations, low culture
productivity, genetic instability, slow growth. Secondary
metabolites production using bioreactor systems has big
potential advantages, however, until now just only berberine,
shikonin and ginsenosides have been produced in japan as
big mass production [3].

Traditionally, secondary metabolites are obtained
via extraction procedures using whole plants and tissues.
Another conventional method for large scale secondary
metabolites production is usage of high capacity in vitro
plant cultures. Mass production using in vitro cultures has
many advantages such as easy control of environmental
conditions (independed vegetation periods of plant,
all season production), standard and high quality yield
production, prevention of biotic and abiotic factor effect and,
opportunity of well developed system usage for big capacity
production [1].

Automation of in vitro propagation using bioreactor
systems has reduced cost of mass production of secondary
metabolites [4, 5]. Liquid culture mediums are especially
used in bioreactor systems for big-scale mass production of
various plant cell and tissues. The first report of bioreactor
system usage was on in vitro mass propagation of Begonia
X hiemalis. In this study, erlenmeyer flasks containing
Murashige and Skoog medium [6] supplemented with 1mg/
ml kinetin were used and these flasks were shaken at 180
rpm for propagation of plantlets [7]. And, since that time
different types of bioreactor system have been used for
big scale micropropagation of different type plants species
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and plant organs such as shoots, shoot tips, buds, somatic
embriyos, bulbs, corms [8].

This review aimed to describe advantages of different
type bioreactor systems designed for big scale mass
production of medicinal plants containing economical
important secondary metabolites and compared different
protocols developed wusing two different temporary
immersion bioreactor systems, SETIS™ and RITA®.

Working Principles Of Basic Bioreactor Systems

Bioreactor systems provide big scale mass propagation
of plant cells, tissues and organs containing zygotic and
somatic embryos, nodal segments, corms, microtubers,
shoots in liquid medium. For the first time usage of
bioreactor system, stirred tank reactors with simple agitation
turbines, extends to approximately fifty years ago. Today,
many kind of bioreactor system used for different purposes
are available for big scale mass production of wide range
secondary metabolites from plant material. But there are
still some requirements that must be overcome such as cell
aggregation or fragile plant cell [9].

Agitation based bioreactor systems are grouped into
three main tank systems according to their agitation
construction, mechanically agitated, pneumatically agitated
and non-agitated bioreactor systems. Stirred bioreactor
systems (Figure 2A, B) has many limitations such as high
electricity consumption and especially in tall bioreactors
have sealing problems of rotating shafts. On the other
hand, air lift bioreactor systems (Figure 2D-G) have many
advantages such as simple design, low energy requirements
and good mass transfer. There are many modify bioreactor
system constructed by using advantages of traditional stirred
bioreactors and air lift bioreactors [10].
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Figure 2. Structure of different types of bioreactor systems.
Flat-blade turbine impeller (A) and marine propeller (B)
agitation based bioreactor systems, bubble column (C, D),
draft tube air lift (E) and external loop air-lift (F) bioreactor
systems [43].

Air-lift bioreactor systems are very useful for mass
propagation of various plant species cultures because
of their simple design causing less degradation of cells,
tissues, shoots and organs. However, these bioreactor
systems have some disadvantages such as excessive foam
formation and cell growing at the top of reactor tank. These
problems can be solved by using antifoams and designing
special type tanks such as larger top section diameter or
balloon type bubble bioreactors [8]. Mechanically agitated,
pneumatically agitated and non-agitated bioreactor systems
have been utilised for the production of valuable secondary
metabolites from various plant species (Table 1).

Table 1. In the last ten years, different secondary metabolite production from different plant species using different type

bioreactor systems.

Bioreactor Type Secondary Metabolite Plant Species Explant Type Reference
shake flask system hypericin Hypericum perforatum L. adventitious root [25]
caftaric acid
airlift bioreactor system  chlorogenic acid Echinacea purpurea (L.) Moench. adventitious roots [26]
cichoric acid
airlift bioreactor system anthraqgmones, phenolics, Morinda citrifolia L. leaf cells [27]
flavonoids
shake flask system anthocyanin dyes Melastoma malabathricum L. zillltlll;ecsell [28]
balloon-type bubble . . . .
bioreactors ginsenosides Panax ginseng Meyer adventitious roots [26]
shake flask system Human serum albumin Oryza sativa L. tszaerzis;genlc ree [29]
airlift bioreactor system  mouse interleukin-12 Nicotiana tabacum L. hairy roots [30]
shake flask system hepatitis B surface antigen ~ Glycine max (L.) Merr. callus cell [31]
cultures
semicontinuous recombinant human alpha- callus cell
. l-antitrypsin (rAAT) Nicotiana benthamiana Domin. [32]
bioreactor . cultures
glycoprotein
Human granulocyte-
macrophage colony- . callus cell
shake fiask system stimulating factor (hGM- Oryza sativa L. cultures [33]
CSF)
two different types of
. . o L callus cell
bioreactor (stirred and galphimine-B Galphimia glauca Cav. [34]
. cultures
airlift)
. . . . callus cell
shake flask system ginsenoside Panax japonicus C.A. Mey. var. repens [35]

cultures
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Recently, two novel bioreactor systems based on
a periodic immersion have been developed for mass
propagation of different kind of plant species, SETIS™
and RITA®. The basic working principle of both bioreactor
systems are to prevent complete immersion of plant material
in liquid maintain medium using separated sides of culture
vessels and evacuation system for periodic circulation of
liquid medium. In these systems, a set of channel for liquid
medium supports uniform growth of plant tissue. The liquid
medium touches plant materials for different periods of time
and then medium turns back to storage tank. this periodical
process is controlled by an electronic system, depending on
explant type.

Temporary Immersion Systems (Tis) For Secondary
Metabolite Production

In many times, liquid medium based bioreactor systems
limit plant growth and complete immersion of whole plant
tissues also causes malformation and loss of plant material
because of hyperhydricity and asphyxia been unwanted
physiological conditions [11, 12]. In these liquid cultures,
complex morphological differentiation of plant material
needs improvement of specific designed bioreactor systems,
supporting sensitive and exclusive microenvironment for safe
maintenance of cultures [13]. To overcome these limitations
of liquid cultures, different kind of bioreactor systems such
as temporary immersion systems TIS bioreactors have
been developed. These systems are designed as simple
automatic devices having many features to support ideal
microenviroment, improved optimum aeration, ease nutrient
intake, reduce mechanical stress and physiological disorders
[14]. The optimum environmental conditions for in vitro
propagation of plant tissues were provided by TIS bioreactor
systems supplemented with periodically treatment of plant
material with liquid medium [13].

Several type of TIS bioreactor systems have been
developed and widely used for aromatic and medicinal plant
micropropagation [15, 16]. In addition, due to their simple
and functional design, these bioreactor systems have been
used for aromatic and medicinal metabolite production,
detoxification of toxic compound via phytoremediation, and
also molecular farming [13]. Recently developed bioreactor
systems, SETIS™ and RITA®, for production of secondary
metabolites and foreign proteins, micropropagation,
phytoremediation, molecular farming is discussed in this
chapter.

SETIS™ BIOREACTOR SYSTEMS

SETIS™ (info@setis-systems.be, VERVIT, Belgium)
is new style bioreactor system using TIS technology based
on twin containers for mass production of plant tissues
and organs (Figure 3) and these bioreactors have been
used for mass production of many kind of plant species.
These containers consist of two engaged vessels for liquid
medium and plant material. Many limitations and problems
of other TIS bioreactor systems have been solved by using
SETIS™ bioreactors designed to provide the necessities of
plant mass productions. These systems have been improved
for optimum micropropagation of plant material. Basic,
resistant, safe and ideal designed parts of these bioreactors
have six components, culture and liquid medium containers,
screw caps with silicone gaskets, filters for aeration, silicone
tubes.

———» Screw Caps (for transfering
plant materials)

/% 8 /%
"_(g‘v %’fé v % ———— Filter for acration

P Silicone tubes

Filter for compressed air

Screw Caps (for
f liquid media)

Liquid media

Figure 3. Structure of SETIS™ bioreactor system.

Working principles of SETIS™ bioreactor are based on
three phase. First phase is constant phase, liquid media stay
in the media vessel and plant material ventilates in this long
phase. The second phase is immersion phase, liquid media
is transferred by air compressing from medium container
to growth container. During this phase, plant materials
periodically intake nutrients and plant growth regulators
from liquid media for mass production. The third phase is
drain phase, liquid media returns to the medium container.

Ruta® Bioreactor System

RITA® (https://www.cirad.fr, CIRAD, France) bioreactor
system consisting of an autoclavable polypropylene container
having two compartments has been developed for intensive
mass propagation of plant tissues and organs (Figure 4).
This compartments are separated by a table supported with
grid and a central plastic pipe. The container is closed by
a wide screw cap supported with centric connected with
compressing air controlled using a timer and lateral ports
secured with filters. The upper container is plant tissues and
organs growth, whereas the lower container is for medium
storage. RITA® is simple and safe bioreactor system and the
system has compact design for supporting of enough relative
humidity level for plant tissues. Connected internal elements
of this bioreactor systems can be utilized as a single part for
supporting mass production. Inadequacy of medium nutrient
exchange and limited ventilation are the main disadvantages
of these systems [17].

# Filter for d air

Filter for aeration «—

—— Screw Caps (for transfering
plant materials)

d air tube

Liquid media

Figure 4. Structure of RITA® bioreactor system.

The RITA® bioreactor systems have been successfully
used for mass production of medicinal and aromatic plants
(Table 2).
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Table 2. Studies on mass production of different plant species using RITA® [36].

Mass production (compared with

Plant Species Explant Type semi-solid unless specified) Reference

Eucalyptus grandis W.Hill ex Maiden Hypocotyl segments 4 -6 (in Y time) [37]
Hydrastis canadensis L. Shoots 5,6 [38]
Hippeastrum x chmielli Chm. ELCIET:tS of in vitro 2 [39]
Jacaranda decurrens Cham. Nodal segments 1,4 [40]
Phoenix dactylifera L. Intact and fragmented

(date palm) juvenile leaves 2 [41]
Saccharum spp. Leaf disks 9 [42]

Vaccinium angustifolium Ait.
(lowbush blueberry)

3 node stem sections

3 [11]

Physico-Chemical Factors Affecting Mass Production
Via Bioreactor Systems

Biological needs for growth and development and
mechanical requirements for supplying optimum conditions
determined as physico-chemical factors such as dissolved
oxygen and optimum ventilation, mixing of cultures, pH,
medium composition, play an important role for large scale
mass production of plant tissues and organs via bioreactor
system.

Optimal ventilation and dissolved oxygen

The most important function of all bioreactor systems
is to supply the optimal ventilation for regeneration and
viability of plant tissues and organs. On the other hand,
another important function of the bioreactor systems is
to enrich the liquid medium with dissolved oxygen. For
effective mass production, it is necessary to diffuse of oxygen
into liquid medium, because of weak dissolved oxygen in
water. Effective oxygen diffusion is achieved by arranging
bioreactor parameters such as changing of agitation speed,
aeration rate and redesigning of bioreactor configuration
[18].

Mixing of liquid medium

The another important parameter is mixing of liquid
medium for supporting of equal distribution of nutrients
to cells, tissues and organs in the liquid phase [9]. Mixing
of bioreactor contents is achieved by mechanical agitation,
this agitation should be low for preventing of cell, tissue and
organ damage caused from hydrodynamic forces, on the
other hand, it should be support of enough uptake nutrients
from liquid medium [1].

pH of liquid medium

The liquid medium pH is very effective on mass
production of cells, tissues and organs in bioreactor systems.
For example, liquid medium at pH 5.0 has inhibitory effect
on embryogenesis of cultures [19]. The previous studies
indicated that pH changes are caused by ammonium
concentration of liquid medium [20,21]. Computer
controlled bioreactor systems provide optimal conditions,
like pH, for mass production of biological materials.

Nutrients of liquid medium

Another important factor affecting on big scale mass
production is nutrients of liquid medium being a major
chemical factor in bioreactor systems. To be obtain
information of nutrient uptake from liquid medium, it can
be provided by periodic individual nutrients measurement
at different time for metabolite and mass production in
bioreactors. One previous study about anlysis of different
nutrient compound dynamics during Lilium bulblet culture

in bioreactor system showed that phosphate, nitrate and
ammonium run out from liquid medium, on the other hand,
potassium, magnesium, calcium, sodium and chlorine were
still present after sixteen weeks, but the most important
limiting growth factor was carbon source in the medium
[21]. There are many similar studies on different plant
species, but effects of plant growth factor interactions and
different compound dynamics for mass production are
needed detailed future investigation.

Temporary immersion bioreactor systems for
molecular farming

For production of very economical important
recombinant proteins, plants provide an excellent source.
Over the twenty years, molecular farming, obtaining of
different proteins from plants or in vitro grown cells,
tissues and organs of them, have been more attractive for
industrial process. However, transgenic plants can produce
very different product, if they grow in field and these
products have limited shelf life, because they can impact
from environmental conditions. These limitations can be
overcome by using in vitro propagation techniques and
there are several bioreactor systems adapted for foreign
protein production from in vitro grown plant cell, tissue
and organ cultures [22, 23]. For example, a vaccine antigen,
green fluorescent protein and tetanus toxin (C fragment)
were obtained by using temporary bioreactor systems from
transplastomic tobacco shoots [24].

CONCLUDING REMARKS

Temporary immersion bioreactor systems are very
effective for big scale mass production of economical
important aromatic and medicinal plants and these
bioreactors have also different usage for production of plant-
derived secondary metabolites. At the same time, another
application of TIS bioreactor systems are purification of
phenol contaminated waste water using transgenic hairy
roots but these phytoremediation applications are not still
implemented for purification of industrial wastes. Because
of full environmental control options and optimum nutrient
uptake from liquid medium, TIS bioreactor systems are
preferred techniques for mass production of transgenic plants
and these systems can be also thought perfect eco-friendly
bioreactors for big scale production of economical important
recombinant proteins derived from transgenic plant cells,
tissues and organs. These days many improvements on
TIS bioreactor systems have aimed to developed low cost
disposable variants such as SETIS™ and RITA®.
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Abstract

One of the greatest problems that the world is facing today is that of environmental pollution, increasing with every passing year and causing
grave and irreparable damage to the earth. Pollutants emerge from various anthropogenic sources in ecosystem and are distributed throughout
environmental matrices. There are different types of pollutant e.g. heavy metal, pesticides, industrial compounds, personal care products,
poisonous gases and PAHs. These pollutants may be mobile and persistent in water, air, soil and sediments even at low concentrations. Pollution
must be taken seriously, as it has a negative effect on natural elements that are an absolute need for life to exist on earth, such as water and air.
For these reasons, the purpose of this publication is to explain types of pollutions and the effects of the pollutants on the ecosystem.
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INTRODUCTION

In the last decades, there has been an increasing
global worry over the public health impacts attributed to
environmental pollution. It was the industrial revolution
that gave birth to environmental pollution as we realize it
today. Populations of developing countries are particularly
vulnerable to toxic pollution resulting from industrial
processes. In recent years, people have been exposed to
different types of compounds with broad spectrum due to the
rapidly developing technology [1]. Technology has brought
us clear simplicity, and thousands of substances produced
in different areas are up on the market every year [2]. It
has been shown that global production of anthropogenic
chemicals increased from 1 million to 400 millions tons per
each year between 1930 and 2000 [3]. Statistics reported
by EURO-STAT that, over 50% of the total production
of chemicals is represented by environmentally harmful
substances between 2002 and 2011. It is important that over
70% of these chemicals are significant with environmental
impact [4, 5].

Over recent decades, the world has exposed the adverse
consequences of uncontrolled development of multiple
human activities in, for example, urbanisation, transport,
industry and agriculture. The increase in living standards
and higher consumer demand have amplified pollution of
water with a variety of chemicals, leachates, nutrients, oil
spills, among others, of the air with, for example, COZ’ SOZ,
NO, and other greenhouse gases and particulate matter, and
of the soil due to the disposal of hazardous wastes, sludge,
spreading of pesticides, as well as the use of dis-posable or
non-biodegradable materials and the lack of proper facilities
for waste [5, 6].

Pollution is the introduction of contaminants into the
environments that cause discomfort or harm to other living
organisms or damage the environment, which can come in the
form of chemical substances or energy, such as light, heat, or
noise. Pollutants can be naturally occurring substances but
are considered contaminants when in excess of the natural
levels. Santos divided pollutants into biodegradable and

nonbiodegradable ones. Biodegradable pollutants can be
broken down and processed by living organisms, including
phosphates, organic waste products, and inorganic salts.
Nonbiodegradable pollutants cannot be decomposed by
living organisms and therefore persist in the ecosphere
for extremely long periods of time. They contain plastics,
metals, pesticides, glass and radioactive isotopes [1, 7].

There has been heightening awareness and concern
about the persistence and biological effects of anthropogenic
contaminants ever since Rachel Carson’s book Silent Spring
was published [8, 9]. Some forms of pollution exert a
destructive effect on plants, animals, humans and wildlife
by impairing or killing the health of their individuals [10,
11]. Environmental pollution has started with the appearance
of humans. When Homo sapiens lighted fire, its smoke
proved to be the first environmental pollution [12]. Pollution
has increased dramatically in recent years and effected all
living organisms negatively in the world.

This review focuses primarily on pollution of ecosystems
and aims to address some key features of anthropogenic
pollutants, in particular air, water and soil pollutants as well
as pesticides, PAHs and heavy metals.

History of Anthropogenic Pollution

Anthropogenic pollution is not new-humans have
contributed to the environmental burden since they learned
to control fire [13]. Walls of caves are covered by thick layers
of soot many thousand years ago. Hence, it is supposed
that breathing of cavemen was difficult due to the smoke.
Additionaly their eyes irritated in the closed room. Lungs of
mummified bodies from the Palaeolithic era are often black
[12, 14]. In the early times, environmental pollution was
responsible for several kinds of illnesses. Human excrement
might have been the first pollution of the environment. Bowel
bacterium living in the human body, such as the Escherichia
coli, might have got from faeces to springs, which might have
infected the early humans. This environmental pollution has
been the reason of millions’ illnesses even recently [12, 15].
Dust pollution also appeared in the early times. According to
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the assumption of Janssens, in the New Stone Age in stone
mines, people who carved flint from limestone day by day
might have suffered from silicosis. The reason of it was that
they breathed stone powder all the day [15].

The people were concentrated in cities with industrial
revolution and resulted in increased pollution of the air, as
a result of the burning of fossil fuels, and of rivers, with
organic pollutants in the form of sewage [16]. Moreover,
traffic increased air pollution of cities [14]. New substances
of many classes, including halogenated organic compounds,
alkyl phenols, polycyclic aromatic hydrocarbons (PAHs) and
phthalates were manufactured for use domestically and in
industry, agriculture. Therefore, these chemicals inevitably
were released into the environment [17].

The old pollutants clearly had adverse effects on wildlife
populations and human health but we are only now beginning
to understand the effects of the new pollutants. Their effects
may be equally, or more, harmful [18].

Types of Emerging Pollutants and Adverse Effects
Air Pollution

Various industrial, transport and other pollution sources
release a number of specific and common pollutants such
as a oxides of sulfur, carbon, halogen gases, nitrogen, toxic
heavy metals, oxidants, volatile hydrocarbons and ozone, to
name a few. Many of these pollutants, even if released in
small quantities, persist in the environment and can build
up to high levels. Many others undergo transformation
and are converted into more dangerous forms than the
parent compounds. Exposure to high concentration of toxic
substances induces specific acute toxicities, whereas long
term level of exposure causes chronic toxicity [11].

The sensitivity of health impact of pollution depends
on kind of pollution and pollutant, degree of exposure,
presence of interaction chemicals, species, age, physiology
and nutrition of the exposed population [11, 19].

Presently the lower part of the atmosphere is known as
“air” and is formed by mainly oxygen, nitrogen and other
gases, trace gases and particles. The energy consumption
and technical evolution related to these sources is one
main cause of the man made pollution. This pollution
causes modification of the air quality. The four major
groups of gaseous air pollutants by historical importance,
concentration, and overall effects on plants, animals and
humans are, oxides of nitrogen (NO_: NO, NO,), carbon
dioxide (CO,), sulphur dioxide (SO,) and ozone (O,).
Sulphur dioxide and nitric oxide (NO) are primary pollutants
— they are emitted directly from sources. The most important
groups of anthropogenic air pollution sources are defined
by industrial processed, transportation, residential heating
systems and agricultural systems [20].

Tropospheric ozone is one of the world’s most important
regional-scale air pollutants carrying risks to both vegetation
and human health [21]. Ozoneis asecondary pollutant, formed
from the precursors volatile organic compounds (VOCs)
including methane and nitrogen oxides (NO,). At present
ecosystems, particularly forest systems, act as a net sink of
ozone. However, this effect is decreased by deforestation,
which reduces canopy uptake, and replacement of forests
with agriculture, which increases nitrogen oxide emissions
from soil [22]. Ozone is also of great importance for climate
regulation. In addition to its role as a greenhouse gas, ozone
may also have large effects on climate regulation services in

terrestrial ecosystems. Although there are large uncertainties
in the analysis, it is likely that the physiological effect of
ozone on vegetation will also limit carbon sequestration
by plants and thus counterbalance any increased carbon
sequestration caused by CO, fertilisation [23].

Acid rain is primarily caused by the release of nitrogen
and sulfur into the atmosphere as a result of coal and oil
combustion by power plants vehicles and machines. The
hazards posed by acid rain were first recognized in late
1970’s. The acid rain increases acidity of aquatic ecosystem,
leading to poor performance of fish species. The modern
animal production results in disposal of large amount of
unprocessed manure, which through emissions produces
ammonia. Ammonia is hazardous to both animals and
humans disturbs ecological balance and produces acid rain
[24].

Ammonia can have significant effects on a large range
of sensitive ecosystems through both increased acidification
and nitrogen deposition. It also has human health impacts,
acting as a precursor for secondary inorganic aerosols.
Emissions of ammonia affect services in both terrestrial and
aquatic ecosystems [25].

Although there are natural sources, production of sulphur
dioxide (SO,) is overwhelmingly anthropogenic with
combustion of fossil fuels by coal-fired power stations being
the most important sector [26]. Although sulphur deposition
as SO_ (dry deposition as SO, and wet deposition as SO,)
can cause a reduction in both plant growth and yield it may
act as a fertiliser in low sulphur ecosystems. Acidification is
another major impact of sulphur deposition in both aquatic
and terrestrial ecosystems [25].

Water Pollution

Emerging organic contaminants (ECs) are compounds
now being found in groundwater from agricultural, urban
sources that were previously not detectable, or thought
to be significant. ECs include pesticides and degradates,
water treatment byproducts, industrial compounds,
pharmaceuticals, fragrances, personal care products, food
additives, flame retardants and surfactants, engineered
nanomaterials as well as ‘life-style’ compounds such as
caffeine and nicotine. ECs may have adverse effects on
human health and aquatic ecosystems [27, 28]. In the last few
decades there has been a growing interest in the occurrence of
these contaminants in the aquatic and terrestrial environment,
their potential toxicity and their environmental fate even at
low concentrations [29]. The pollutions of groundwater is a
growing concern and relatively poorly understood compared
to other freshwater resources [28, 30].

To date, the occurrence of ECs has been much better
characterised in surface water and wastewater environments
than in groundwater resources [30]. Wastewaters are the
main sources of ECs in the environment and surface waters
therefore contain the greatest loads of ECs. Wastewaters and
surface waters are also thought to contain a much greater
diversity of compounds compared to groundwater, although
this may be simply a function of the capability of analytical
methods relative to the generally lower groundwater
concentrations and the limited number of groundwater
studies [28].

Effects of ECs on human and ecosystem health are
largely unknown, and relatively little is known about the
ways they travel through the environment or how they may
be transformed or degraded in the course of their travels.
Some studies have shown that even very low exposure to
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certain ECs can have impacts on biological systems. Effects
seen in aquatic species and some fish, but have not been
observed in humans [27].

Pesticides have been determined at trace concentrations
in groundwater worldwide for a considerable period and
are well-known contaminants [31, 32]. By their nature
degradates may be toxic and many of them are biologically
active [28]. Pharmaceutical chemicals frequently have
observed in the environment except pesticides. The presence
of pharmaceutical substances has long been recognised as
a concern in the aquatic environment [28, 33]. The primary
routes for pharmaceuticals into the environment are disposal
of unused products, through human excretion and through
agricultural usage [28, 34]. Pharmaceuticals have recently
started to be found in the aquatic environment from ng/L
to pg/L, mainly due to the inefficiencies of wastewater
treatment plants. These micropollutants are biologically
active molecules and they have sub-lethal or chronic
toxic effects therefore most of these micropollutants raise
considerable toxicological concerns [35].

There are a wide range of industrial substances which
can be released to the ecosystem and many of these e.g.
chlorinated solvents, petroleum hydrocarbons, adipates
and phthalates, have led to well-established problems [36].
Nicotine, caffeine and the nicotine metabolite cotinine also
have been widely determined in groundwater impacted by
sewage effluent [37, 38].

Soil Pollutions

Soil is a vital part of the natural environment. It is just
as important as plants, animals, loch, landforms, rocks and
rivers. It provides a habitat for a wide range of organisms
and influences the distribution of plant species. It controls
the flow of water and chemicals between the earth and the
atmosphere, and acts as both a source and store for gases in
the atmosphere. Soils not only reflect natural processes but
also record human activities both at present and in the past
[39].

Soil pollution is the reduction in the productivity of soil
because of the presence of soil pollutants. Soil pollutants
have an adverse effect on the chemical, physical and
biological properties of the soil. Chemicals, fertilizers,
pesticides, organic manure, discarded food, radioactive
wastes, clothes, plastics, bottles and leather goods-all
contribute towards causing soil pollution [39]. Soil heavy
metal pollution has become an important problem in many
parts of the world [40, 41]. Following rapid economic and
social development over the past decades, soil pollution
by heavy metals has been both serious and widespread in
China [42, 43]. Although heavy metals may occur naturally
in soil, additional contributions come from anthropogenic
activities such as industrialization, urbanization, agriculture
and mining [40]. Indeed, many of studies have shown
that pollution sources of heavy metals in the environment
mainly derive from these anthropogenic activities [44, 45].
Chemicals like iron, lead, copper, mercury, cyanides, zinc,
aluminium, cadmium, acids and alkalies etc. are present
in industrial wastes and reach the soil either directly with
water or indirectly through air. Unconscious and continuous
use of pesticides to protect the crops from pests, alter the
main composition of the soils and make the soil toxic for
plant growth. Consequently, they have a very destructive
effect on the plant growth and reducing the yield and size
of fruit. Their degradation products may be absorbed by
the plants from where they reach the animals and human

through the food chains [39]. Humans have intentionally
added substances such as pesticides, fertilizers and other
amendments to soils. Leaks of chemicals and accidental
spills used for industrial or commercial purposes have
also been sources of contamination. Some contaminants
are moved through the air and deposited as dust or by
precipitation [46]. Contaminated soil causes to health risks
due to direct and indirect contact with these soil. The effects
of pollution on soil are quite disturbing and can result in
huge disturbances in the ecological balance and health of
living beings on earth [39].

Some of Other Pollutants in Ecosystem

Heavy Metals

Heavy metal pollution is a serious problem in most
countries of the world [11]. Contamination of trace metal
is important due to its potential toxicity for humans and the
environment [47]. The role of trace and heavy metals in the
soil system is increasingly becoming an important matter
of global concern [48]. Heavy metal pollution is persistent,
covert and irreversible [43]. This kind of pollution not only
degrades the quality of the atmosphere, food crops and
water bodies, but also threatens the health and infiltrate
animals and humans of the food chain [43, 45, 49]. Various
anthropogenic activities, such as mining metallurgy,
industries, burning of fossil fuel and transport redistribute
toxic heavy metals into the environment, which persist for
long period and translocate to different components of the
environment, including biotic segment. These toxicants
accumulate in the vital organs, including kidney and liver,
and exert adverse effects on domestic and wild animals
populations [11, 50, 51]. Accumulation of heavy metal in soil
is concern in agricultural production due to adverse effects
on crop growth and food quality [52, 53]. The heavy metals
are health hazards either directly by inhaling dust or drinking
contaminated water or indirectly; by consuming vegetables
grown on contaminated soils [54]. Metals such as copper
and cadmium are cumulative poisons. These metals cause
environmental hazards and are reported to be extremely
toxic [55]. Moreover, chronic exposure to cadmium can
have adverse effects such as pulmonary adenocarcinomas,
prostatic proliferative lesions, bone fractures, lung cancer,
kidney dysfunction, and hypertension, while the chronic
effects of Arsenic consist of dermal lesions, skin cancer,
peripheral neuropathy and peripheral vascular disease
[56]. Vegetables take up metals by absorbing them from
contaminated soils, as well as from deposits on different
parts of the vegetables exposed with air pollution [57].
Heavy metals may enter the human body through direct
ingestion of soil, dust inhalation and consumption of food
plants grown in metal contaminated soils [58]. Additionally,
humans may come in contact with heavy metals via their jobs
in industrial, agricultural or pharmaceutical. Children can
also be poisoned as a result of playing in contaminated soil.
Symptoms vary, depending on the nature and the quantity of
exposed heavy metal. Patients may complain of vomiting,
nausea, stomach pain, diarrhea, headache, sweating and a
metallic taste in the mouth [48].

PAHS s (Polycyclic Aromatic Hydrocarbons)

PAHs are especially emitted into the atmosphere by
the incomplete combustion of fossil fuels [9]. They are
extensively environmental pollutants that are characterized
by their hazardous mutagenic and carcinogenic potential
[59]. PAHs are found ubiquitously, not only air, soil and
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water, but also in various foods we encounter in our everyday
life [60-62]. Additionally, PAHs could be transported by the
stormwater runoff [63, 64], imposing considerable risk on
aquatic life [54]. The primary sources of PAHs are identified
as anthropogenic in origin such as the exhaust of motor
vehicles, heating in power plants, petroleum refineries,
combustion of refuse, oil/gasoline spills, barbeque smoke,
deposition from sewage, tobacco smoke and coke production
[60]. PAHs can be engaged in metabolic activation in human
mammalian cells which have adherence to DNA, and tissues
leading to mutations [62]. Because of the diversity of their
sources, PAHs have received increased attention in recent
years. Dietary intake of PAHs is the major route of human
exposure [63]. In recent years, increases levels of PAHs
in different environmental media (air, soil, sediment and
water) have been reported not only in developing but also
in developed countries [62]. Therefore, PAHs are one of the
most important environmental problems today.

Pesticides

Pesticides are chemicals used on agricultural land but also
in along railways, private gardens and in other public areas
[64]. The use of pesticides for crop protection is supposed to
increase based on a growing world population and the need
for more food sources. While pesticides increase agricultural
production, bioaccumulation through the food chain can
finally become a risk to living organisms because pesticides
induce certain adverse effects [51, 65, 66]. Some parts of
pesticides sprayed on crops will remain in agricultural areas,
but some of them will enter the surrounding water, air and
soil [67, 68]. Pesticides can remain in the environment for
many years and may be transported over a long distance [69].
Pesticide residues in water, sediment and soil are significant
environment threats and have been identified as carcinogen
pollutants in many countries [70, 71]. Thus, the excessive
application of these substances over the past half-century
has posed serious risks to human health [72, 73]. There have
been a lot of reports regarding pesticide residues detected
in milk [74], vegetables [75], and grains [65]. Residue of
pesticides such as dieldrine, aldrin, chlordane and heptachlor
have been detected with increasing frequencies in farm
animals and their products, including meat, milk and eggs
in India [11]. Furthermore, many pesticides can persist for
long periods in environment; organochlorine insecticides,
for instance, are still detectable in surface waters thirty years
after their use and had been banned [76]. Pesticides meet
with non-target organisms in the food chain which including
mankind. They accumulate in the body tissues of organisms
and cause a various of health problems [77, 78]. Experimental
research has shown that some of pesticides are endocrine
disruptors that can disturb the functioning of different
hormones throughout the body [79]. Studies reported that
there are evidences of pesticide exposure and disorders in
both hormonal regulation imbalance and immune system
activities [80]. Several epidemiological studies showed in
the last two decades suggest harmful effects of pesticides
on human health, including a possible relationship between
pesticide use and cancers, such as leukemia, non-Hodgkin’s
lymphoma and different types of solid tumor [81, 82].

For developing countries, the importance of
agricultural pesticides is undeniable. However, the issue
of environmental risks and human health has emerged as a
key problem for these countries in a number of studies [83-
86]. Many people are exposed to pesticides occupationally,
and pesticide self-poisoning is an important public health

problem [87]. Annually, 3 million cases of acute poisoning
have been reported from pesticide exposure, resulting in the
deaths of 250 to 370,000 people every year [88]. For all this
reason, unconscious use of pesticides is a serious problem
for ecosystem pollution and human health.

CONCLUSION

In recent years, people have been exposed to several
types of substances with broad spectrum due to the rapidly
evolving technology. Technology has brought us clear
conveniences, and thousands of chemicals produced
in different areas are up on the market every year. The
quality of life on earth is linked to the overall quality of
the environment. All living organisms effect adversely by
emerging pollutants in ecosystem due to anthropogenic
activities. Anthropogenic pollutants include pesticides,
pharmaceuticals, industrial additives and by-products,
PAHs, water treatment by products, flame/fire retardants
and surfactants, as well as caffeine and nicotine metabolites
and hormones. Exposure of these pollutants have serious
health problems in organisms which live in ecosystem.
Regulation of these compounds in environment will be a
challenging task and require much better understanding
of key contaminant properties as well as their distribution
and behaviour. Therefore, environmental concentrations
of each pollutant must be determined. In addition, uptake,
metabolism and excretion of pollutants must be investigated
related species. For resolve the environmental pollution,
the future should be plan to reduce the adverse effects of
pollution and work together cooperation and coordination
between the different disciplines.
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Abstract

Orchids are perennial, wire rooted, with some varieties having (e.g. Orchis, Ophrys, Dactylorhiza, Serapias, Platanthera) two tuberous roots,
herbaceous plants; In Europe and the Middle East, the most orchid variety is found in Turkey. Also known in native language as dilgikik,
dildamak, ¢cam ¢igegi, ¢ayir or salep otu, it is known that there are about 154 orchid species in 24 genera in Turkey. 13% of them (20 species
and 1 subspecies) are unique to Turkey. Ovoid- root tuberous species which are common in Turkey, used for obtaining salep, belong to
Orchis, Ophrys, Anacamptis, Serapias, Himantoglossum, Barlia, Aceras genus, and species with tubercules belong to genus Dactylorhiza and
Platanthera. Turkey’s North, South, Southeast and Eastern Anatolia regions especially are richer in terms of wild orchids. There are 25 species
belonging to 9 genera in Kahramanmaras region, with 2 species (Orchis palustris and Dactylorhiza osmanica) being common and other species

rare and rarely grown.

Keywords: Kahramanmaras, orchid, salep

INTRODUCTION

Use of advanced production techniques and
developments in cooling and deep freezing systems in the
past 25 years in Turkey has led to an increase in the ice
cream consumption and some studies to develop the quality
of'ice cream [1,2]. That being said, both wide use of salep in
ice cream production in Turkey and its different functional
properties have led some scientists to carry out various
investigations on salep and/or stabilizer mixtures containing
salep.

Maras ice cream has superior quality properties, and
preserves these properties during storage at low temperature
(around -18° C) after production thanks to its salep ingredient
as well as its production technique. This is because salep,
with its stabilizer feature, gives the desired structure and
mass (e.g., smooth, pulpy and homogeneous) to ice cream,
delays melting, prevents the formation of large ice crystals
during production and storage, and gives product-specific
flavor and aroma [2-5]. But there is not much information
in literature about the chemical properties of orchids.
Salep, which is used in the production of Maras ice cream,
is obtained from nine genera of wild orchids grown in and
around Kahramanmaras, an important region in the country
for orchids [2,6,7]. Chemical composition of salep are
various especially depending on the species obtained, and
affect the properties of ice cream [8-13].

Orchidaceae family and orchids of Turkey

Orchids are perennial, wire rooted herbaceous plants.
Some orchid species (e.g. Orchis, Ophrys, Dactylorhiza,
Serapias, Platanthera) have two tuberous roots. The
bodies of the orchids are upright cylindrical, with flowers
of monocotyledonous, closed seed, bunch or spike. Orchids
are in the family of Orchidaceae, which grows in mountain
ecosystems, grasslands and peaks close to the coasts. It is
stated that there are more than 25,000 species and more than
110,000 hybrids (individual resulting from the pollination of

two different species or sexes) in 250 species recorded and
more than 500 species unrecorded in the family [8, 14-15].

Turkey has the most variety of orchids in Europe and
Middle East. It is reported that there are about 154 wild
orchid species in 24 species, some of which are also known
with different names such as dilcikik, dildamak, ¢cam ¢igegi,
cayir or salep otu in Turkey [17]. 13% of them (20 species
and 1 subspecies) are unique to Turkey [15, 16, 16, 19, 20].

The ovoid tuberous species, common in Turkey and
from which salep is obtained belong to Orchis, Ophrys,
Anacamptis, Serapias, Himantoglossum, Barlia, Aceras
while pieced tuberous belong to the Dactylorhiza and
Platanthera species. Turkey is rich in wild orchids especially
in the North, South, Southeast and Eastern Anatolian regions
[8,9, 16, 18, 20].

The first list of orchids of Turkey based on literature
on herbarium and terrestrial studies was stated by Sezik
[8]. According to this study, there are 18 genera and 91
species in Turkey. Later on, the same researcher reported
that 24 genera and 85 species (except for subspecies) were
found in Turkey considering recent researches. There are
two important works related to the orchids of Turkey. One
of them is the “Orkidelerimiz” by Sezik [18]. In this work,
there is information about the characteristics and spread of
the orchids in Turkey and about salep, and it is stated in
the book that there are about 90 species belonging to 24
genera in Turkey. The other is the part of the book “Flora
of Turkey” (Davis 1965) prepared by Renz and Taubenheim
which contains the species and spread information of the
Orchidaceae family. In this work, it is stated that there are
93 species and 32 subspecies belonging to 24 genera in
Turkey. On the other hand, according to the book by Kreutz
[21] about the orchids of Turkey which included the species
which were named after 1984, there are 24 genera and 148
species in Turkey.
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Orchids growing in Kahramanmaras region

northern part and C6 frames which contains the southern

According to the quadrature system used by the botanist part. Taking into account this quadrature system and the
Davis (1965-1985) for the determination of the flora of information in the literature [18, 22, 23], the registered
Turkey and used to express the spreading areas of the plants, and spreading orchids in Kahramanmaras region are
Kahramanmaras region is located in B6 which contains the demonstrated in Table 1.

Table 1. Distribution of Orchid Species in Kahramanmaras Region According to the Squaring System

B6 Square

C6 Square

Species

Cephalanthera kotschyana

Cephalanthera rubra

Dactylorhiza iberica
D. osmanica var. osmanica

D. osmanica var. anatolica

Epipactis helleborine

Epipactis veratrifolia

Anacamptis pyramidalis
Cephalanthera damasonium
Cephalanthera kotschyana
Cephalanthera rubra

i Comperia comperiana

Dactylorhiza iberica
D. osmanica var. osmanica

D. osmanica var. anatolica

Epipactis helleborine

: Epipactis microphylla
Epipactis persica

Epipactis veratrifolia

Himantoglossum affine
Limodorum abortivum

Orchis anatolica

i Orchis mascula ssp. pinetorum

Orchis palustris
Orchis simia
From Table 1, it can be seen that 18 species of 8 genera orchid species found in the region and collected in May-July
spreading in the region are registered. In a survey under of 1987-1988 were specified. According to the results of this
the name of “The origins of Maras Salep and the Orchids survey, orchid species found in Kahramanmaras region and

of Marag Area” carried out in Kahramanmaras region [6], collected by researchers are shown in Table 2.
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Table 2. Types of Orchids Collected by Researchers in Kahramanmaras Region

Number Number
Orchids found in the region Orchids collected in the region
€ Genus  Species Subt}/ pe/ ¢ Genus  Species Subtype /
Variety Variety
Anacamptis pyramidalis 1 1 Anacamptis pyramidalis 1 1
Cephalanthera damasonium 2
Cephalanthera kotschyana 5 3
Cephalanthera kurdica 4 Cephalanthera kurdica 5 2
Cephalanthera rubra 5 Cephalanthera rubra 3
Comperia comperiana 3 6
Dactylorhiza iberica 7 Dactylorhiza iberica 4
D. osmanica var. osmanica A 8 1 D. osmanica var. osmanica 5
D. osmanica var. anatolica 9 2 D. osmanica var. anatolica 6
D. romana D. romana 7
Epipactis helleborine 10
E. microphylla s 11
E. persica 12
E. veratrifolia 13
Himantoglossum affine 6 14 Himantoglossum affine 4 8
Limodorum abortivum 7 15 Limodorum abortivum 5 9
Ophrys holosericea ssp. Ophrys holosericea ssp.
. 16 1 . 6 10 1
holosericea q holosericea
Oph. tranchyrcana ssp.
17 2
tranchyrcana
Orchis anatolica 18 Orchis anatolica 11
O. coriophora 19 O. coriophora 12
O. mascula ssp. pinetorum 20 3 O. mascula ssp. pinetorum 13 2
O. morio ssp. syriaca 9 21 4 O. morio ssp. syriaca ; 14 3
O. palustris 22 O. palustris 15
O. simia 23
O. spitzelii 24 O. spitzelii 16
O. tridentata 25 O. tridentata 17

As can be understood from Table 2, Sezik and Baykal [6]
reported that there were 25 species of 9 genera found in the

Obtaining and use of salep of Kahramanmaras
region

region and samples of 17 species of 7 genera were collected
during the research. On the other hand, the same researchers
reported that 2 species (Orchis palustris and Dactylorhiza
osmanica) were common and other species were rare in the
region.

In Kahramanmarag region, salep is mostly obtained
from around the center and the northern and western parts of
the province. The regions and the important villages where
the salep is obtained are shown below [6].

In obtaining quality salep in Kahramanmaras region,
tubers of Orchis anatolica, O. mascula ssp. pinetorum, O.
spitzelii, O. tridentata, O. morio, Anacamptis piramidalis,
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Dactylorhiza romana, Himantoglossum affine and Ophrys
holosericea species which are not commonly found are used.
The salep obtained from the tubers of these orchid species
is called Maras salep [6]. Maras salep obtained from white,
red and purple flowering species is collected especially in
Helete, Tanur, Tekir, Siileymanli, Kiirtiil, K&stirge, Kayisli,
Déniiklii territories and pinetums on the slopes of Mount
Amanos until the end of July. The salep obtained from O.
palustris and O. coriophora, which are considered to be of
low quality in the region, and D. osmanica varieties with
pieced tubers and sometimes found in Maras salep is called
Cayir salep. Collectors do not prefer this salep because of
the difficulty of collecting it due to the muddy features of its
growing land and the low price. It is an additional occupation
for shepherds and some villagers because of the difficulty of
obtaining, finding and collecting salep throughout the region
[2, 6, 16].

In the orchid species from which the salep is obtained,
there are two tubers, one old tuber of the previous year (the
main, midwife tuber is a great wrinkle because it forms the
over-ground run of the plant of that year) and the other new
tuber of the next year (sibling, sister tuber, grown that year,
young small, full-grown to form the plant of next year).
When the plant is in flower, the new tuber is collected,
leaving the old tuber, which is larger, hard, wrinkled, dirty
white. Fresh tubers, washed with cold water and cleaned
from the soil, are boiled for 15 minutes in boiling water
(sometimes in milk, whey, dry cottage cheese juice or ayran)
in baskets to prevent germination, soften and loosen the
outer shell. It is then immediately submerged in cold water,
cooled and sometimes dried for 7-10 days, preferably in a
sunless, airy location, in stringed way. During this process,
the tubers lose 90% of their weight. Commercial salep tubers
are pulverized in low-speed pulverizers and in machines in
recent years by ice cream makers when they are used [2, 6,

16, 18, 20]. For 1 kg of commercial salep, 1000-4000 dried
tubers, each 0.25-1.00 g are needed [15]. New and old tubers
are shown in figure 1.

Figure 1. New and old tubers

B K, Kauwn Tekingen

Two non-orchid pseudo-saleps which are named Stye
(garbage, noodle) and Deli salep and which are used in
the adulteration of salep are obtained widely in the region,
especially around Andirin and Goksun. The stye salep
obtained from several tubers and roots of Ranunculus ficaria
ssp. ficariiformis flowering in March-April and Deli salep
(garlic salep) obtained after the small pieces of Colchicum
cilicicum onions are boiled in water or saline for 10-15
minutes and dried until hard [2, 6].

The types of orchids obtained from Kahramanmaras
region and the orchid species with their local names [6] are
shown in Table 3.

Table 3. Salep Varieties in Kahramanmaras Region and Types of Orchids with Local Names

Kind Species

Local Name

Anacamptis pyramidalis Cam salebi

Dactyloriza romana

Orchis anatolica

Maras Salep
Orchis spitzelii
Orchis tridentata
Ophrys holoserica
Orchis palustris
Meadow Salep Orchis coriophora

Dactylorhiza osmanica

Parmakli (Catal) salep
Yayla (Tespih) salebi
Dag salebi

Beyaz dag salebi
Desdiye salebi

Bataklik salebi
Cem (¢im) salebi
Oz salebi, Catal salep
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Salep spread from the Middle East to Europe. It
maintained its importance as a drink especially in England
until the 16th century when the use of coffee spread. Salep,
which was used as an expectorant or chest softener in various
pharmaceutical preparations until recently in Turkey, is now
used more as a traditional drink and as a food additive in
food industry, especially in ice cream production [14, 16,
18, 24, 25]. The widespread use of salep is mainly due to
Glucomannan, a polysaccharide that is hydrocolloid feature.
Glucomannan absorbs water and causes gelling [1,2].

Salep was first used in Kahramanmaras in Turkey in
the production of ice cream. It has spread to other regions
of the country from Kahramanmaras. The use of salep in the
production of ice cream in the region has become almost
indispensable due to the features that form when the salep
is added to ice cream. Salep is used as powder in ice cream
production, usually 0.5-1.0%, depending on the amount of
glucomannan, and affects the quality of the ice cream [2, 4,
16]. In fact, in some studies [10, 26-29], some significant
defects (e.g. insufficient volume expansion, sticky structure)
were observed in ice cream samples where the salep ratio
was low and when the salep was used in a suitable ratio
considering its chemical quality, it delayed the melting of
the ice cream and prevented the deterioration of the form to
a great extent. The use of salep plays an important role in
the reputation of Maras ice cream. With its stabilizer feature,
salep gives a smooth, pulpy and homogeneous structure and
mass to the ice cream like the mortar used in construction.
It prevents the formation of large ice crystals during the
production and preservation of ice cream and partially delays
melting [2, 4, 9]. Some orchid species are shown in Figure 2.

Figure 2. Photos of some orchid species

Orchis tridentata

Orchis morio

CONCLUSION

It is estimated that the number of tubers (plants) to
uproot from nature varies between 1000-4350 units to
obtain 1 kg dry tuber for salep production and the amount
of salep consumed in Turkey is about 20 to 45 tons, and for
this amount, 30 to 120 million plants are being collected
[30]. To obtain good quality Marag salep for many years and
to convey this taste to future generations, first of all, it is
necessary to protect these endangered wild orchid species
which are destroyed by unconscious collecting from the
nature for the purpose of obtaining salep, and to ensure that
these species are collected and traded in a controlled manner.
Relevant public institutions and the people of the region
should undertake important duties in this regard.
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Abstract

Development of industrial activities provides economical benefits but increasing industrial activities also create problems with the removal of
wastes. Particularly untreated wastewater of textile industries creates an important environmental problem due to dyes content. High amounts of
dyes are toxic for living organisms. There are some physico-chemical methods for removal of dyes but these methods are expensive. Biological
treatment methods are relatively cheaper. Bioremediation technologies involve neutralization or removal of pollutants by using organisms. The
aim of this study is to review the relevant data about bioremediation of dyes from literature. Some information about decolorization of dyes
by microorganisms as bacteria, fungi and algae is given in this paper. Microbial remediation technologies are both inexpensive and efficient

technologies for removal of textile dyes.

Keywords: Bioremediation, Decolorization, Textile wastewater

INTRODUCTION

Textile industry releases a high amount of dyeing
wastewater to receiving environments [1]. These
textile dyes are accumulated in aquatic environments
and affect the environment and aquatic life negatively
[2]. High concentrations of dyes inhibit photosynthetic
microorganisms’ activities in rivers or lakes [3]. In addition
to this these dyes are accumulated by aquatic organisms and
joined the food chain. Dyes have toxic effects in the body of
living organisms [4]. For instance dyes cause health problems
in mammalians. Treatment of dyeing wastewater is very
important. Several treatment technologies are suggested
as chemical and physical methods but biological methods
are relatively preferred due to inexpensive and eco-friendly
nature [5]. Conventional wastewater treatment methods
are ineffective because dyes have aromatic structure and
resistant to degradative environmental conditions such as
light and ozone [6]. Bioremediation is defined as treatment
of environment by using organisms. Bioremediation
technology involves usage of microorganisms to reduce,
eliminate, contain, or transform to benign contaminants
present in soils, sediments, water, and air. The aim of this
study is to review the data about the usage of bioremediation
technologies for decolorization of textile wastewater. This
study focuses on decolorization of textile wastewater by
using microorganisms such as bacteria, fungi and algae.
Also the effect of parameters such as pH, temperature, initial
dye concentration and nutrients on microbial dye removal
activity is reviewed in this paper.

Biological Treatments

Conventional wastewater treatment technologies are not
sufficient enough because dyes have resistance due to their
complex aromatic structure. Biological treatment methods
are suggested due to their advantages by some researchers [6],
[7] and some advantages of biological wastewater treatment
are given in Table 1. Biosorption, bioaccumulation and
biodegradation are the mechanisms of biological treatment.

Biosorption is introduced as the usage of living or dead
biomass for adsorption of pollutants [8]. Bioaccumulation
is the accumulation of pollutants in the cell of organisms
[9]. Biodegradation is mineralization or degradation of
pollutants by enzymatic activities of organisms [10]. All
of these mechanisms are used for decolorization of dyes
containing in textile wastewater. Variety of factors such as
pH, temperature, initial dye concentration and the species
of microorganisms affect the decolorization process. In
biological treatment technologies variety of living organisms
such as algae, bacteria and fungi are used.

Table 1. Some advantages of biological wastewater
treatment

It is inexpensive due to the usage of the waste biomass in other

industries.

It is simple.

It produces smaller volumes of excess sludge.

It can be applied to very different types of effluents

It is eco-friendly.

It can be applied in situ at the contaminated site.

Generally there is not observed secondary pollution at the end of

the process.

Algae for Bioremediation of Textile Dyes

Phytoremediation is defined as usage of algal biomass
(macro and micro algae) for removal of pollutants [11]. It
is reported that some algae species can able to break down
dye molecules into simple compounds [12]. Spirogyra sp.,
commonly available green algae, which was suggested as
an effective biomaterial for removal of azo dye reactive
yellow 22 by Mohan et al. (2002) [13]. Some algae use dyes
as carbon and nitrogen source [14]. Chlorella pyrenoidosa,
Chlorella vulgaris and Oscillatoria tenuis are reported as the
algae species which can degradate azo dyes by azoreductase
enzyme in the literature [12]. A green microalga called
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Cosmarium sp. is suggested to treat water containing
Triphenylmethane dye and Malachite Green dyes [15].

Ertugrul et al (2008) showed that a thermophilic
Phormidium sp. can decolorize 50- 80% of textile dyes under
thermophilic conditions [16]. Algal dye removal ability can
be enhanced by stimulating algal growth. For instance, the
dye removal activities of Synechocystis sp. and Phormidium
sp. were increased by the addition of tricontanol hormone
which was a plant growth regulator [17]. Recently, Preeti
and Vena (2017) reported that Oscillatoria sp. decolorized
91% of Malachite Green, 75% of Congo Red and 23% of
Nigrosin dyes at 0.05% dye concentration [18].

Bacteria for Bioremediation of Textile Dyes

Bacteria for biodegradation of azo dyes have been
investigated in 1970’s, Horitsu et al. (1977) examined that
Bacillus subtilis was able to degrade azo dyes [19]. The
studies on bacterial dye degradation continue from past
to present day because biodegradation of textile dyes by

bacteria is an efficient and low-cost method. New bacteria
for effective biodegradation of dyes are discovered every
passing day. The efficiency of bioremediation process
is increased by the isolation of effective new strains and
adaptation of known strains for utilization of dyes.

Sahasrabudhe and Pathade (2011) investigated that
Enterococcus faecalis YZ 66 was effectively removed
Reactive orange 16 dye [20]. Another bacterial strain called
Staphylococcus arlettae strain VN -11 decolorized textile azo
dyes effectively [21]. Microbial decolorization mechanism
is affected by operational parameters as nutrients, pH,
initial dye concentration and temperature. These are also
important parameters for microbial growth. The efficiency
of a biological treatment system is influenced by medium
conditions. Bacteria performed maximum dye removal under
optimal conditions. Medial pH is a very important parameter
for dye removal, the optimal pH for bacterial decolorization
process is the range of pH 6- 9 (Table 2).

Table 2. The optimal parameters for decolorization activity of different bacterial strains

Bacterial Strain Dye Initial Dye pH Temperature | Removal Rate Reference
Concentration (mg/L) (°C) (%)

Bacillus sp. Acid Red 2 100 6 37 90 [35]
Bacillus sp. Acid Orange 7 100 6-8 30 99 [35]
Bacillus sp. Remazol Black B 250 8 35 95 [36]
Bacillus sp. Congo Red 3000 7 37 100 [27]
Bacillus subtilis Textile Effluent 150 7 35 63.21 [28]
Corynebacterium sp. Reactive Black 5 100 7 37 60 [37]
Corynebacterium sp. Yellow 15 100 7 37 76 [37]
Pseudomonas entomophila | Reactive Black 5 - 5-9 37 93 [38]
Pseudomonas sp. SUK1 Red BLI 50 6.5-7 30 99.28 [39]
Pseudomonas putida Crystal Violet 200 7 30 50 [40]
Pseudomonas putida Safranin 200 7 30 30 [40]
Pseudomonas putida Trypan Blue 100 7 40 80 [40]

The strong acidic or alkaline environments decreased
color removal activity of bacterial strains. For instance,
Enterobacter agglomerans showed maximum Methyl Red
removal at pH 7-9 [22]. Pseudomonas sp. SUK1 removed
99.28% of Red BLI at pH 6.5- 7 [23]. Acid blue 113 was
removed at pH 7-8 by Bacillus subtilis maximally [24].
Temperature is another important parameter for dye removal
of bacteria. The optimal temperature for decolorization
is reported as 30- 40 °C (Table 2). Temperature effects the
production of bacterial enzymes for removal of dyes and
increasing temperature rate results in augmentation of
decolorization. On the other hand higher temperature rates,
which cause denaturation of cellular enzymes or are harmful
to cell viability, decreased dye removal activity. Guo et al.
2007, examined the effect of the temperature range of 20
to 50 °C on decolorization of Anthraquinone by bacteria
and maximum dye removal determined as 95% at 50 °C
[25]. Bacillus fusiformis kmk 5 removed Orange 10 and
Disperse Blue 79 at 37 °C maximally [26]. Gopinath et
al. 2009 showed that azoreductase enzyme of Bacillus sp.
was responsible for removal of Congo Red and optimal
temperature for dye removal was 37 °C [27]. Initial dye
concentration also affects the dye removal performance
of bacterial strains due to the toxic impact of dye. Sivaraj

et al 2011 reported that while the initial dye concentration
of textile effluent was increased from 150 to 300 mg/L
the decolorization rates were decreased from 72% to 55%
[28]. Decolorization rates of Acid Red 113 by halo tolerant
bacterial strains called Pseudomonas aeruginosa and
Bacillus flexus were decreased from 87% to 60% and 84%
to 57% while dye concentration increased from 25 to 100
mg/L, respectively [29]. The nutrient content of medium
affects the decolorization activity because the higher amount
of suitable nutrients significantly enhance bacterial growth.
For instance, Pseudomonas aeruginosa and Brevibacillus
choshinensis showed maximum decolorization activity in
the presence of 10% glucose and were reported as effective
bacterial strains for bioremediation of textile effluents [30].
Joshi et al (2008) revealed that dye removal performance
of bacterial consortium was better in the medium contained
yeast extract or combination of yeast extract and glucose
than in the medium contained only glucose, peptone or
starch [31]. Microorganisms use aromatic dye molecules as
nutrient or energy sources in the bioremediation process [32].
Recent studies focused on the usage of bacterial consortium
for bioremediation technologies [33]. Patowary et al. (2016)
reported that bioremediation needed the cooperation of more
than a single species because individual strains can degrade



26 U. D. Gul / DERLEME, 11(2): 24-28, 2018

limited range of pollutants [34].

Fungi for Bioremediation of Textile Dyes

Fungal bioremediation is described as mycoremediation
and is an important point in wastewater treatment
technologies from the past to present [41]. Glenn and
Gold (1983) studied the first research about the effective
degradation of dyes by white rot fungi called Phanerochaete
chrysosporium [42]. Usage of fungi mostly white rot fungi
for the treatment of wastewater was extensively studied
[43]. Banat et al. (1996) proved that fungi were suitable
for treatment of dye containing textile effluents [44]. The
usage of fungi in wastewater treatment technologies has
some advantages such as fungi can produce extracellular

enzymes in order to solubilizes the insoluble substrates and
fungi have a good physical and enzymatic contact with their
environment because of their increased cell to surface ratio.
Also extracellular fungal enzymes provide an advantage to
tolerate toxic compounds at high concentrations [6]. Some
fungal species produce ligninolytic enzymes named lignin
peroxidases (LiP), manganese dependent peroxidases (MnP)
in order to degrade pollutants such as lignin and dyes [45].

Fungal dye decolorization capacity is affected by several
conditions such as nutrients, pH, temperature and initial dye
concentration. The carbon source is an important nutrition
for fungi. The optimal parameters for decolorization activity
of different fungal strains are changed according to the
properties of fungal species (Table 3).

Table 3. The optimal parameters for decolorization activity of different fungal strains

Initial Dye
Fungal Strain Dye pH |Temperature| Removal Rate | Reference
Concentration
O (%)
(mg/L)
Aspergillus tamari Coomasie Brilliant Blue - 5 30 93 [52]
Aspergillus tamari Bromophenol Blue - 5 28 100 [52]
Aspergillus tamari Malachite Green - 5 28 91 [52]
Coriolopsis sp. Orange G - 4.5 35 60 [53]
Marasmius cladopyllus Remazol Brilliant Blue R 200 5.5 22 97 [54]
Penicillium purpurogenum Coomasie Brilliant Blue - 5 28 91 [52]
Penicillium purpurogenum Bromophenol Blue - 5 28 92 [52]
Penicillium purpurogenum Malachite Green - 5 28 52 [52]
Perreniporia tephropora MUCL47500 Methyl Orange 300 5.5 30 92.03 [55]
Perreniporia tephropora MUCL47500 Reactive Blue 300 5.5 30 95.18 [55]
Rhizopus arrhizus Reactive Red 100 3 30 100 [56]
Rhizopus arrhizus Reactive Black 100 3 30 100 [56]
Rhizopus arrhizus Remazol Blue 100 3 30 71.83 [56]
Rhizopus arrhizus Methylene Blue 100 6 30 92.5 [56]
Trametes villosa Drimaren Brilliant Blue 20 5.5 28 85 [57]

Kapdan et al. (2000) investigated the effect of different
carbon sources such as glucose, starch, fructose and molasses
on Everzol Turquoise Blue g dye decolorization of Coriolus
versicolor and showed that glucose was the most usable
carbon source for fungi [46]. Kaushik and Malik (2009)
reported that the nitrogen content of media organized the
fungal enzyme production for decolorization [6]. The effect
of different nitrogen sources as ammonium chloride, malt
extract and peptone on poly R-478 decolorization activity of
Letinus edodes was examined by Hatvani and Mecs (2002)
and the fungus showed the most effective decolorization
rate in the presence of malt extract [47]. Temperature is
another important parameter for decolorization activity and
most of the studies recommended higher temperatures for
dye removal of fungal species [6]. The Bromophenol Blue
dye decolorization of Rhizopus stolonifer was increased
by increasing temperature from 35 to 55 °C [48]. Most
of the fungal strains performed maximum decolorization
activity between 22 to 35°C (Table 3).The impact of pH
is also important for fungal decolorization by influencing
the chemical nature of fungal surface and dye molecules.
Especially the pH of the environment affects the charge
of the fungal surface due to altering the functional groups

and the electrochemical interactions between charged dye
molecules and fungal surface occur. For instance, Rhizopus
arrhizus performed maximum decolorization capacity at pH
2 because the fungal cell surface became positive in an acidic
environment and the anionic dye molecules were adsorbed
on the fungal surface due to electrostatic interactions [49].
In addition to this the cationic dye Methylene Blue removal
by Fomes fomentarius and Phellinus igniarius was increased
while the pH value increased from 3 to 11 because in higher
pH values the fungal surfaces’ electro negativity increased
and the negative charged fungal biomasses interacted with
the positively charged dye ions [50]. In dye biodegradation
process the importance of environmental pH is related with
the fungal growth due to the fungal surface for dye sorption
and also metabolically active fungal cell number is increased.
Coriolus versicolor showed maximum decolorization (99%)
at pH 4.5 which was also optimum pH for the fungal growth
[46]. Optimal pH for Aspergillus versicolor growth was 6
and the fungus decolorized Remazol Blue at pH 6 maximally
[51]. Most of the studies showed that fungal strains showed
maximum dye removal activity at pH values 4.5 - 5.5 (Table
3) which was also optimum pH for fungal growth.
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CONCLUSION

This study focuses on decolorization of textile dyes
by the means of bioremediation. Algae, bacteria and fungi
are the effective biomaterials for bioremediation of dyes
in textile wastewater. Environmental conditions have an
important role in the removal of dyes. In addition to this
the chemical properties of dye molecules and biochemical
nature of organisms affect the decolorization process.
Especially the enzymes of the organisms play an important
role in biodegradation of dye molecules.
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Abstract

Alzheimer’s disease (AD), which is mainly characterized by impaired memory, is a rapidly growing clinical and public health issue due to
the aging population. The neuropathological hallmarks of the disease include accumulation of senile plaques, composed of amyloid-beta, and
neurofibrillary tangles. The amyloid-beta peptide (A) cascade hypothesis suggests AP accumulation is the fundamental initiator and major
pathogenic event for AD. Recent genome-wide association studies have illuminated cluster of differentiation 33 (CD33) is a new genetic
risk factor for AD. CD33 as a type | transmembrane protein is mediating the cell—cell interaction. In the brain, CD33 is mainly expressed on

microglial cells. In AD brain, the CD33 level is found to be positively correlated with amyloid plaque burden and disease severity.

Keywords: Alzheimer’s disease, CD33, sialic acid, amyloid

INTRODUCTION

Alzheimer’s disease (AD), which is the most common
form of dementia, is a progressive neurodegenerative
disorder. Alzheimer disease is currently no effective
treatment and increasing prevalence and cost due to the
aging population. The mechanisms underlying the onset and
progression of the disease are incompletely understood [4].
Various disorders such as hypertension, diabetes, obesity,
dyslipidemia and social and environmental factors such
as head trauma, physical activity, diet, socioeconomic and
educational level are risk factors for AD [16, 20, 8, 3]. AD is
generally divided into two types, early and late onset. While
late onset AD (LOAD) occurs after age 65, early onset AD
(EOAD) occurs before age 65. Many studies have shown
that LOAD and EOAD clinically distinct. While LOAD
is characterized by impaired memory and visuospatial-
language impairment [14], EOAD has a shorter life span
and more aggressive progression [19]. Amyloid plaques
and neurofibrillary tangles first described in a patient with
strange behavior and a short memory defect by the German
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psychiatrist and neuropathologist Alois Alzheimer in 1906
[22]. In later studies; various pathological events clarified
such as neuronal cell death, extracellular amyloid-beta
accumulation, intracellular neurofibrillary tangles and
microglial activation in the Alzheimer’s brain [1]. The
underlying causes of these multiple changes are unknown,
but age, genetic factors and environmental factors are
thought to play an important role [16, 4].

Relation between CD33 gene and AD

Many genes have been identified. In recent years
Genome-Wide Association Studies (GWAS) have revealed
new genetic risk factors for Alzheimer’s: CD33, CLU,
BIN1, PICALM, CR1, CD2Ap, EPHA1, ABCA7, MS4A4A
/ MS4AG6E, SORL1, CLU and TREM2 [4, 21].

The cluster of differentiation 33 (CD33) gene (Figure 1),
which is expressed in hematopoietic and phagocytic cells;
are considered to be a new genetic risk factor associated
with AD in GWAS [9, 6, 15, 5]. According to recent studies
a strong association, especially between LOAD and CD33
gene, is reported [9].

13.41
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Figure 1. CD33 gene location [7]

It is shown single-nucleotide polymorphisms (SNPs)
associated with LOAD are rs3865444, rs3826656 and
rs114282264 (Figure 2). In some populations, such as Europe,
North America and Korea, rs3865444 is a risk for AD (minor
allele) while provided protective effects (T allele) against
AD in other populations, such as Han Chinese population.
Also it is suggested rs3865444 polymorphism is correlated
with AD in Chinese, European, and North American
populations [13]. The minor allele of rs3826656 risk factor
for AD in a large family-based GWAS in European families.
Nevertheless, in contrast to this finding, it is reported that

| : CD33 gene

the minor allele of rs3826656 was associated with a reduced
risk of AD in Han Chinese population with apolipoprotein
E (APOE) &4 alleles [9]. But in a meta-analysis it is shown
1rs3826656 polymorphism is not in association with AD [10].
Recent studies have shown that a new SNP rs114282264 in
the intron region of CD33 is significantly associated with
AD in African Americans. However, this finding needs to
be confirmed in other ethnic groups. It has also been shown
that expression of CD33 is increased in microglia cells in
Alzheimer’s brain.
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Figure 2. CD33 gene. SNPs in CD33 associated with AD are shown in the figure [9].

CD33 protein structure and location

CD33 gene is on the 19q13.33 chromosome and
encodes the 67-kDa CD33 protein. CD33 protein which
belongs to the sialic-acid-binding immunoglobulin-like
lectins (SIGLECs) consists of an extracellular N-terminal
V-set immunoglobulin domain responsible for sialic acid
recognition, followed by a C2-type immunoglobulin repeat.
Intracellularly, human CD33 which is expressed in mature
monocytes, myeloid progenitor cells and macrophages
has two cytoplasmic tyrosine-based motifs, these are
immunoreceptor tyrosine-based inhibitory motif (ITIM) and
ITIM-likemotif (Figure 3) [9, 23]. CD33 protein mediates

cell-cell interaction and endocytosis and also it regulates
cytokine secretion [23]. Additionally, CD33 inhibits
immune cell functions and proinflammatory cytokines such
as [L-1 [beta], TNF, IL-8. CD33 has been shown to regulate
cell division and survival by inhibiting proliferation and
inducing apoptosis [9]. Another important role of CD33 is
able to bind to sialoglycans on target cells and interacts with
sialylated pathogens and viruses which have self-synthesized
sialoglycans on their surface. Because of this feature, CD33
could mediate endocytosis or, as opposed, could mediate
spread their infection. In acute myeloid leukemia (AML)
therapies CD33 is used as a target protein because of its
phagocytic property.

V-set immunoglobulin domain responsible for sialic acid binding

Extracellular region

( Membrane |

Cytosolicregion

Figure 3. CD33 protein structure in Human [12].

CONCLUSION

High cognitive decline is caused elevated CD33
expression level in autopsy-confirmed AD patients’ brain,
is reported [11]. It is also shown CD33 is increased in AD
brain, and it relates with amyloid protein and also disease
patology [17]. Furthermore, it is suggested CD33 deficiency
causes decreased AB in APP transgenic mice model [24].
CD33 mRNA level is increased due to upregulation of CD33
transcription in microglial cells. In another study, between
CD33 mRNA level and Iba-1 (a biomarker of microglial
cells), shown a significant correlation in brain tissues of AD
cases [9].

CD33, a type 1 transmembrane protein, is expressed
in brain macrophages and microglia cells, and has an
inhibitory effect on Ap uptake. Increased CD33 expression is
associated with amount of plaque and so resulted increased
disease severity [24, 2]. In addition to AP inhibition, the
effect of CD33 on other biological mechanisms such as

C2-type immunoglobulin repeat

neuroinflammation and neuronal apoptosis should also be
investigated. Additionally, pro-inflammatory cytokines
in monocytes are shown to be inhibited by CD33. Further
studies about relationship between CD33 plasma levels
and disease must be done. CD33 SNPs in multiple ethnic
populations are shown to be associated with LOAD. CD33
SNP rs3865444 protects against AD and reduces CD33
expression. It is also shown rs3865444 and rs114282264 are
correlated with AD [18, 9]. More extensive genetic screening
should be done to reveal other variants of CD33 associated
with LOAD. These loci can be utilized as biomarkers for
AD [18]. AD, is a progressive neurodegenerative disease,
has been increasing its social and economic burden for both
the individual and the society. Therefore, further studies are
needed to elucidate the pathophysiology and genetics of the
disease, and to develop novel therapeutics for the prevention
and treatment of AD.
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Ozet

Tarim alanlarinda bilingsizce ve asir1 kullanilan yiiksek toksik dzellikli kimyasal pestisitlerin kalintilari farkli yollarla topraga, havaya ve yeraltt
sularina karismakta ve bu alanlarda yasayan her tiirlii canliya zarar vermektedir. Kimyasal pestisitlerin s6z konusu zararlarindan dolay1 son
yillarda tarimsal miicadelede kullanilabilecek bitkisel insektisitlerin arastirilmasina dayali ¢aligmalar yapilmaktadir.

Anahtar Kelimeler: Biyoinsektisit, Bitkisel insektisit, Biyolojik kontrol

Some Important Herbal Insecticides

Abstract

Residues of highly toxic chemical pesticides unconsciously and widely used in agricultural fields penetrate into land, air and underground water
through various means and give harms to all living organisms in the environment. Due to these harms of chemical pesticides, in recent years
much research has been focusing on the use of botanical insecticides that can be used in agricultural control.

Keywords: Bio-insecticide, Botanical insecticide, Biocontrol
GIRIS

Diinyada temel besin kaynaklarinin 6nemli bir yiizdesini
bitkiler olusturmaktadir. Biitiin canlilarda oldugu gibi
bitkiler de pek cok hastalik ve zararli ile etkilesim halindedir.
Bu zararli organizmalar bitkilerde dogrudan beslenmek,
besinlerine ortak olmak, yumurta birakmak, konak olarak
kullanmak, farkli hastalik etmenleri i¢in vektor olmak gibi
etkilesimler ile bitkilere zararli olmaktadir.

Bitkilerin  kendileri igin zararli olan canlilarin
saldirilarindan korunmak icin tipki insan ve hayvanlarda
oldugu gibi ¢esitli savunma mekanizmalarina sahip oldugu
bilinmektedir. Bitkilerde biyokimyasal olaylardan sonra
sentezlenen sekonder metabolitler bitki-zararli iligkilerinde
o6nemli role sahiptirler. Zararlilar {izerinde davranigsal ve
fizyolojik etkilere sahip olan bu metabolitler farkl sekillerde
gruplandirilmaktadir. Bunlarin en bilinenleri terpenoidler,
aminler, glikozidler, alkoloidler, fenoller ve saponinler’dir
[19].

Kokeni bitkiler ya da bitkisel kaynakli maddelerin
olusturdugu bitkisel kokenli insektisitler (bocek oOldiiriicii
ilaglar), dogal insektisitler adi altinda biyoinsektisitler,
feromonlar gibi basliklarla da anilmaktadir.

Organik klorlu ve organik fosforlu insektisitlerin
kesfinden once (1930-1940), tarimsal alanlarda iiriin zararl
miicadelesinde Dbitkisel kokenli insektisitlerin kullanimi
énemli bir yer tutmustur. ilerleyen yillarda sentetik
insektisitlerin, bitkisel kokenlilere gore daha etkili ve etki
stirelerinin daha uzun olmasi sebebiyle kullanilmalart daha
yaygin hale gelmistir. Ayrica gelismis ilkelerde sentetik
insektisitlerin gelisen teknoloji sayesinde daha ucuz elde
edilebilir olmalari, bunlara olan ilgiyi daha da artirmistir.

Fakat sentetik insektisitlerin zaman ig¢inde bilingsizce
kullanim1 sonucu zararlilarda ilaca karsi direng olusumu,
insan ve hayvan sagligina olan olumsuz etkisi, kalint1 sorunu
ve cevre kirliligi gibi toksik etkiler bilimsel calismalarla
ortaya cikarilmistir.

Diger bir ifadeyle, gliniimiizde tarim alanlarinda 6nemli
iriin kayiplarina sebep olan bitkisel hastaliklar, zararl
bocek tiirleri ve yabanci otlar ile miicadele cogunlukla
kimyasal miicadele yontemi kullanilmaktadir. Fakat
tarimsal miicadele amaciyla, kimyasal miicadelenin tercih
edilmesi ¢gevre sorunlarini da beraberinde getirmistir. Tarim
alanlarinda yaygin olarak kullanilan kimyasal ilaclarin
diger bir adiyla pestisitlerin her tirli kalintilar1 cesitli
yollarla topraga, havaya ve yeralt1 sularma karigmaktadir.
Toksik ozelligi yiiksek olan bu pestisitler, cevrede yasayan
her tiirlii canlida zamanla birikmekte ve sonucta kanser
ve genetik kusurlu hastaliklar gibi ciddi anormalliklerin
ortaya ¢cikmasima da sebep olabilmektedir. Bunlara ilaveten,
tarim alanlarinda kullanilan bu pestisitlere karsi tarimsal
zararhilarda diren¢ gelisebilmekte ve ayni zamanda bu
kimyasal ilaglar dogal diismanlar1 da oldirerek dogal
dengeyi bozmaktadir. Ekolojik dengede 6nemli role sahip
cesitli bitki ve hayvan tiirlerinin zarar gérmesi sonucu
daha Once sorun yaratmayan ya da baskilanan zararlilarin
baskin hale gelerek ekonomik yonden zararli haline gelmesi
gibi sonuglar da ortaya ¢ikabilmektedir. Tarim alanlarinda
kimyasal ilaglarm bilingsiz ve kontrolsiiz uygulamalarinin
sonucu ihra¢ edilen tarim driinlerindeki standardizasyona
uygun olmayan pestisit kalintilar1 da dnemli bir sorun teskil
edebilmektedir.

Bu olumsuz sonuglar arastirmacilari tarimsal zararlilarla
savasta bagka alternatif maddelerin arayisina yoneltmistir.
Bu yiizden bitkisel kokenli insektisitlere olan ilgi yeniden
Oonem kazanmaya baglamis ve son yillarda organik tarimla
birlikte bu konudaki ¢alismalar daha da yogunluk kazanmaya
baglamuistur.

Bitkilerin insektisit etkisi oldugu ©6nemli kaynaklar
oldugu ve birgok aragstirici tarafindan belirtilmistir. Prakash
ve Rao [15] 866, Ahmet ve Greainge [1] ise 1535 bitkinin
tarimda zararli olan boceklere farkli sekillerde etkili
oldugunu belirtmislerdir. Onciiler [14] ise giiniimiizde bu
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saymin 2000 in iizerinde oldugunu bildirmistir. Bu kadar
cok bitkinin insektisit 6zelliginin bilinmesine karsin pratikte
yararlanilanlari ¢ok az sayidadir. Bunun nedenlerini Isman
[11], dogal kaynaklarin kisitli olmasi, standartizasyon ve
ruhsatlandirmadaki zorluklar olarak bildirmistir.

Insektisit 6zelligi gosteren bitkisel kokenli bu maddeler,
bitkilerden farkli yontemlerle elde edilmektedirler. Bunlar
islenmemis bitkisel materyaller, bitki ekstraktlart ve
bitkilerden izole edilen saf bilesikler gibi degisik formlarda
olabilirler.

Biyolojik miicadele amaciyla kullanilan bitkisel
kokenli bu insektisitlerin, sentetik insektisitlere gore
bazi avantajlar1 ve dezavantajlari bulunmaktadir. Bitkisel
kokenli insektisitler, glines 1s1ginda, nemde ve riizgarl
hava kosullarinda ¢ok hizli bir sekilde pargalanir. Bu
sebeple hasattan kisa bir siire 6nce kullanilabilir. Bu dogal
insektisitlerin ¢ogu bocekleri hizli bir sekilde oldiirmese
de, beslenmelerini hizli bir sekilde durdururlar. Bu nedenle
boceklerin 6liimii icin bazen giinler gecmesi gerekse de
zarari 6nleme bakimindan hizli etki gosterirler. Nikotin gibi
sicakkanlilarda zehirli bazi bitkisel kokenli insektisitlerin
haricinde bu bilesiklerin ¢ogu memelilere ve gevreye gok
toksik degildirler. Hizli par¢alanma ve mide zehiri seklinde
etki gostermeleri, bitkisel kokenli dogal insektisitlerin, bitki
ile beslenen bazi zararli boceklere karst daha segici olmasini
saglar. Bitkisel kokenli insektisitler ¢ogunlukla fitotoksik
olmadig1 gibi ¢imlenme, bilyiime ve {irliniin kalitesine
olumsuz etkileri de yoktur. Dogal formlarda kullanildiginda
direng olusturma riskleri de pratikte olduk¢a diistiktiir.

Bitkisel kokenli insektisitlerden birisi olan nikotinin
bazi siis bitkilerine karst olumsuz etkilerinin olabilecegi
ifade edilmistir. Genellikle az gelismis ve iscilik maliyeti
diisiik olan bolgelerde yetistirildikleri igin o bolgede sentetik
insektisitlere gore daha ucuz ve kolay elde edilebilirler. Bu
bahsedilen avantajlarmin yaninda bazi dezavantajlarinin da
olabilecegi ifade edilmistir. Bitkisel kokenli insektisitler
dogada hizli pargalandiklarindan, ilaglama zamaninin gok
iyi ayarlanmasi ve daha sik uygulamayi gerektirirler. Buna
ilaveten etkin maddenin bitkiden elde edilmesi sirasinda her
zaman ayni orani yakalamak gii¢tiir. Bu nedenle standart
bir etki beklenemez. Bu yiizden ruhsatlandirma agamasini
geemis bitkisel kokenli preparatlar ¢ok azdir. Ayrica bitkisel
kokenli insektisitlerin 6zellikle de bitki ekstraktlarimin
depolanmasi oldukc¢a zordur. Bu yilizden hazirlandiktan
sonra hemen kullanilmalari gereklidir.

Bitkisel kokenli insektisitlerin her ne kadar daha az
toksik olduklart diisiiniilse de, akut toksisitesi yiiksek olan
retenon ve nikotin gibi preparatlarin dikkatli uygulanmasina
Ozen gosterilmelidir. Biyolojik miicadele amagli kullanilan
bu dogal bitkisel kdkenli insektisitlerin ruhsath preparatlari
olmadigindan kronik toksisiteleri ve gidalardaki tolerans
degerleri hakkinda bilgiler heniiz yeterli degildir.

Bitkisel kokenli insektisitlerin bir kismi dogrudan
oldiiriicti olarak kullanilirken, bir kismi da 6ldiiriicii etkinin
yaninda veya ayri olarak uzaklastirici (repellent), beslenmeyi
engelleyici (antifeedant), gelisme ve ¢ogalmay1 engelleyici
yonleri ile de kullanilabilmektedirler. Bu dogal insektisitler
icinde ¢evre ve halk saglhiginda sorun olan zararlilara karst
kullanilabilecek maddeler de mevcuttur. Bu amagla bu
derlemede diinyada iizerinde en ¢ok durulan bazi bitkisel
kokenli insektisitler ve bunlarin tarimsal alanlarda zararl
olan bocekler lizerindeki etkileri ele alinmigtir.

Bitkisel Kokenli Insektisitler

Azadirachtin

Son yillarda bitkisel kdkenli insektisit olarak iizerinde
en ¢ok calisilan bitki Azadirachta indica tiridir (Sekil 1)
[17]. Bu bitki yaprak veya kabuklarinin kurutulmasiyla toz
halinde veya tohum kabugundan elde edilen yag gibi farkli
sekillerde zararlilara karst kullanilmaktadir [18].

Azadirachtin, boceklerde beslenmeyi engelleyici
(antifeedant), uzaklastirict  (repellent), kisirlagtirici,
dogurganlig1 azaltici, 61diirlicli, yumurta birakmayi nleyici,
gelisme ve biiylimeyi bozucu etkiler gostermektedir [3 ve
18].

Ayrica A. indica tohumundan ekstrakte edilen dihidro-
azadiraktin etken maddesinin de bdceklerde beslenmeyi
engelleyici ve 6ldiiriicii etkileri oldugu da kayitlara gegmistir.

Sekil 1. Azadirachta indica [21]
Nikotin
Tiitiin yapraklarinin sulu ekstraktlarinin emici tipte
agiz yapisina sahip olan boceklere karsi insektisit olarak
kullanilmasi oldukga eskidir. Sulu ekstraktlarin bu 6zelligi,
yapraklarin i¢erdigi nikotin 6ncelikli nornikotin ve anabasin

alkaloidlerinden  kaynaklanmaktadir. ~ Nikotin  ¢esitli
ekstraksiyon metotlariyla Nicotiana tabacum ve N. rustica
(Sekil 2) dan ortalama %2-8 oraninda, nornikotin 6zellikli
olarak N. sylvestris ten ve anabasin ise genellikle Anabasis
aphylla (Sekil 3) dan elde edilmektedir [16].

Bocege genellikle gaz formunda trake sistemi yoluyla
giren nikotin, merkezi sinir sistemindeki asil uyarici sinir
iletimini saglayan asetilkolin gibi faaliyet gostermektedir.
Sinaptik  hiicrelerden asetilkolin  salinimindan  sonra,
nikotinik  asetikolin  alicilarmma  baglanarak, katyon
kanallarmin calismasint saglar. Bdylece alicinin normal
islevini bozarak bocegin once felcine bunu takip eden
stirecte de 6liimiine sebep olmaktadir. Bundan baska kontakt
ve mide zehiri seklinde de etki gostermektedir [20].

Nikotin sicakkanlilara son derece toksik bir maddedir.
Bu nedenle kullanilirken dikkat edilmelidir.

Sekil 2. Nicotiana tabacum [22]
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Sekil 3. Anabasis aphylla 23]

Pyrethrum

Pyrethrum, Tanacetum cinerariaefolium (Sekil 4)
bitkisinin ¢i¢eklerinden ¢esitli metotlarla ekstrakte edilen
bir iriindiir. Bilinen insektisitlerin i¢inde en eski ve en
giiveniliridir. Halen genis alanlarda kullanilan tek bitkisel
kokenli insektisittir. Bu bitkinin ekstraktlar1 esas olarak
krizantemik ve piretrik asitlerinin, pyrethrolone, cinerolone
ve jasmolone isimli {i¢ alkolle birlesmesinden meydana
gelmistir. Chrysanthemik asidin esterleri pyrethrin I, cinerin
I ve jasmolin I dir. Phyrethrik asidin esterleri ise pyrethrin
II, cenerin II ve jasmolin II den meydana gelmistir. Bu
alt1 ester pyrethrum ekstraktlarinin insektsit etkilerini
olusturmaktadir.

Pyrethrum, etkin dozda bdceklerde kontakt etki
gostermekte ve sinir hiicrelerinin hipereksitasyonu yani agir1
uyarilmasi ile kaslarin istemsiz olarak siirekli kasilmasina,
bunun sonucunda sinir hiicrelerinin elektrolit dengesinin
bozulmasina ve bunun sonucu depolarizasyonun diger bir
ifadeyle gerekli uyari esiginin olugmamasi sonucu kaslarin
kasilamayarak felg olusumuna neden olmaktadir. Bunun
sonucunda ise bocekte hizli bir 6lim ger¢eklesmektedir [5
ve 6].

Sekil 4. Tanacetum cinerariaefolium [24]

Rotenon

Bitkisel kokenli insektisitlerden birisi olan roteniod
yapidaki rotenon, Lonchocarpus sp. (Sekil 5) Derris sp.
(Sekil 6) ve Terphrosia sp. (Sekil 7) bitkilerinin koklerinden
ekstrakte edilerek kullanilmaktadir.ince ve uzun olan
kokler once kurutulur sonra ufalanarak toz haline getirilir.
Kil, kiikiirt gibi bazik olmayan ¢oziiciiler ile ¢oziilerek,

%0.75-1,5 rotenon igeren toz seklinde insektisit olarak
kullanilir. Siv1 formiilasyonlari ise koklerin eter ve aseton
ile ekstraksiyonu sonucu yapilmakta ve %30-40 rotenon
igermektedir.

Rotenon boceklerde hem kontakt hem de mide zehiri
olarak etki gostermektedir. Ani &liime sebep olmamakla
beraber bdcegin agiz pargalarmi felg ederek beslenmeyi
engellemektedir. Oliim daha yavas bir siiregte ortaya
¢ikmakta ve ¢ogunlukla solunum metabolizmasinda elektron
tasima zincirinin engellenmesi seklinde olugmaktadir [9 ve
10].

Sekil 6. Derris sp. [26]

Sekil 7. Terphrosia sp. [27]
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Ryania

Ryania speciosa (Sekil 8) isimli bitkinin kok, yaprak ve
govdesinden ekstrakte edilen alkoloid yapidaki ryania, uzun
yillardir bitkisel kdkenli bir insektsit olarak kullanilmaktadir
[20].

Ryania boceklerin kas sistemine etkili olmaktadir.
Kaslardaki hiicrelerin kasilmasini saglayan bir organel olan
sarkoplazmik retikulum da bulunan kalsiyum kanallarina
baglanarak bu kanallarin agitk kalmasina neden olmakta
ve hiicreye devamli olarak kalsiyum iyonunun akisini
saglamaktadirlar. Bunun sonucu kas membraninda gerekli
uyar1 esiginin olugsmadan kasilmasina devam etmesine
neden olarak 6nce felcine daha sonra da hizli 6liimiine sebep
olmaktadir [13].

Sekil 8. Ryania speciosa [28]

Sabadilla

Schoenocaulon officinale (Sekil 9) tohumunun su, alkol
ve petrol ile ekstraksiyonu veya toz halinde 6giitiilmiis sekli
direkt zararlilara karst kullanilmaktadir. Insektisit 6zelligi,
tohumun yapisinda bulunan %3-6 oranindaki cevadine ve
veratridine alkoloidlerinden kaynaklanmaktadir [4].

Sabadillanin zehirli olan alkoloidleri, bocekte kalp, sinir
ve ¢izgili kas hiicrelerinin membraninda bulunan sodyum
kanallarmimn isleyisini bozarlar. Bunun sonucunda sinir
hiicreleri gérev yapamamakta ve bdcegin once felcine ve
daha sonra da 6liimiine neden olmaktadir. Bazen felg donemi
bir ya da iki giin siirebilmektedir [7].

Sekil 9. Schoenocaulon officinale [29]

Quassia

Quassia armara (Sekil 10) ve Picrasma excelsa (Sekil
11) agaclarinin govdesinden ekstrakte edilen quassin,
neoquassin ve picrasmin alkaloidlerinin insektisit dzellige
sahip oldugu bilinmektedir [8]. Quassia boceklerde kontakt
ve mide zehiri olarak etki etmektedir. Nikotine benzer
sekilde olan bu etki mekanizmasinin yaninda nikotin kadar
zehirli degildir. Fakat quassin’in bazi bitkilerde fitotoksik
etkiye sahip oldugu bilinmektedir. Bu yilizden dikkatli
kullanilmalidir.

Sekil 10. Quassia armara [30]

Sekil 11. Picrasma excelsa [31]

Sarimsak

Sarimsak (A/lium sativum) (Sekil 12) ekstrakti bocekler
icin etkin bir uzaklastirici etkiye sahiptir. Fakat kokusundan
dolay1 tarimsal alanlardaki kullanilabilirligi kisitl olmustur.
Uzaklastirict etkisinin ekstraktindaki kiikiirt igeren sekonder
metabolitlerden kaynaklandigi diistiniilmektedir. Sarimsak
zararlt bocek bitkiye gelmeden once kullanilmalidir. Aksi
takdirde bocek bitkiyle beslenmeye basladiktan sonra
uzaklastirici etkisinin yeterli olmadig bildirilmistir [2].
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Sekil 12. Allium sativum [32]
Yag asitleri
Bitkilerde olusan yag asitleri, hedef organizmanin hiicre
membran igerigini bozarak, hizli bir sekilde ¢oziinmesini
saglayarak sonugta Oliimiine neden olmaktadir. Bazi tip
bitkisel yag asitlerinin ise fungisit ve herbisit etkilerinin de
oldugu kaydedilmistir.

Capsaicin

Capsaicin, Capsicum cinsine (Sekil 13) bagh bitkilerde
act tattan sorumlu olan bilesiktir. Biber meyvelerinin
ekstraksiyonu ile elde edilir ve genellikle sarimsak, hardal
veya gesitli yabanci otlarin ekstraksiyonlari ile birlikte
kullanilir.

Capsaicin, zararlilar i¢in daha ¢ok uzaklastiric1 olarak
kullanilmasma ragmen oldiiriici etkisinin de oldugu
bilinmektedir. Bu etki daha ¢ok hardal ekstrati ile birlikte
kullanildiginda ortaya ¢itkmaktadir. Capsaicin hiicre
membraninda delikler agarak bir sinir toksini olan hardal
ekstratinin bu delikler araciligryla hiicreye girisi ve daha
sonrada bocegin sinir hiicrelerinde zehir etkisi yaparak
6liimiine neden olmaktadir. Bu mekanizma ancak zararlinin
diisiik popiilasyon diizeylerini baskilamak igin yeterli
olmaktadir. Bazi1 preparatlari ise nematisit ve fungisit etki
de gostermektedir.

Sekil 13. Capsicum sp. [33]

Bitkisel yaglar

Belirli ugucu yaglar uzun yillardir zararhilara kars:
uzaklastirict olarak kullanilmistir. Son yillarda yapilan
calismalar, bitkisel yaglarin sadece uzaklastirict degil ayni
zamanda kontakt ve solunum yoluyla da etkili zehirler
olduklarmi gdstermistir. Bu etki onlarin yapisindaki fenol
ve terpenoid yapili maddelerden kaynaklanmaktadir [12].

Bitkisel yaglar bitkilerin ¢icek, gbvde ya da yaprak gibi
yapilarindan elde edilmektedir. Kullanimlart genelde
kisithidir. Bunun nedeni zararli bocek populasyonlarinin
azaltilmasi i¢in kullanilan bitkisel yag miktari, sentetik
insektisitlerle kiyaslandiginda oldukga fazla olup cevrede
daha ¢ok kalinti sorunu yaratmaktadir. Bitkisel kokenli
yaglarin ¢evreye, hedef disi ve yararli organizmalara
ve bitkilere uzun vadeli etkileri heniiz tam olarak
calisiimadigindan bu boyutlardaki kalintilarin  etkisinin
ne olacagi halen tam olarak agikliga kavusturulmamustir.
Bu sebeple bitkisel yaglarm kullanimi ¢esitli iilkelerde
sinirlandirtlmigtir [14].

SONUC

Bitkisel kokenli insektisitlerin  kullanimi, sentetik
insektisitlerin kesfinden once olduk¢a yaygin olmustur.
Fakat sentetik insektisitlerin, bitkisel kokenli olanlara gére
daha etkili, etki siirelerinin daha uzun ve kolay elde edilebilir
olmalart kullanimlarin1 daha yaygmn hale getirmistir.
Sentetik insektisitler bu avantajlarinin yaninda basta kalinti,
dayaniklilik ve cevre kirliligi gibi dezavantajlara da sahiptir.
Zararlilar ile etkin miicadeleyi saglayabilecek alternatif
maddeler i¢inde bitkisel insektisitlerin sentetik insektisitlerin
yerini alabilecek potansiyele sahip olduklari saptanmustir.
Fakat bircok bitkinin insektisit etkisi bilinmesine karsin
ruhsatli olanlarmin sayist olduk¢a azdir. Gelecek yillarda
bu bitkisel insektisitlerin iiretiminin, sentetik insektisitlerin
yerini alabilecegi diisiiniilmekte ve bu tiir insektisitlerin
hem Kkalitesinin hem de sayisinin artacagi kesindir. Ozellikle
organik tarimim popiiler oldugu son yillarda bitkisel
insektisitlerin kullanimina gerek duyulmaktadir.
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Abstract

Dedegiil mountain has an important plant gene center and microclimatic effects. The most effective factor in formation of these features is seen
as the floristic richness and topographical structure of Dedegiil Mountain and environs. This paper emphasizes the relationship between the
Dedegiil Mountain and the agricultural production in the region.

It is known that the ancestors of agricultural plants and the agricultural plants grown in a geographical area are closely related to the wild flora.
As a parallel to the Turkish Flora, the Lakes Region also has an important plant diversity. Although the flora of Antalya is not fully known, but
it is estimated it has 3000 vascular plant taxa. It is known that Isparta carries 2300 (as 600 endemics) and Burdur 1600 (as 450 endemics) taxa.
It is stated in the scientific sources that the Mediterranean Region is the center of the differentiation of some genera from the four important
families of medicinal and aromatic plants: Lamiaceae / Labiatae, Apiaceae / Umbelliferae, Rosaceae and Papaveraceae. Production and
diversity of coriander, cumin, fennel in Burdur; carrot in Isparta; dill, radish, turnip; poppy, apple, fat rose, strawberry, blackberry, quince,
deer apple, hawthorn in Lakes Region are very high. The vilayets have also a significant potential in harvested wild plants. Siitgiiler thyme
(Origanum minutiflorum), rosehips (Rosa dumalis subsp. boissieri var. antalyensis etc.), sage (Sideritis, Salvia, Nepeta spp.) are some of these.
Secret of this success in the agricultural products of the Region is many ecological factors belong to Dedegiil Mountain rows like Bozburun,
Sultan, Beysehir Lake, Kizildag, Kopriilii Kanyon, Kovada Lake National Parks and Egirdir Lake. which is the extension of this mountain.

Keywords: Dedegiil Mountain, Gene center, Agricultural production, Lakes Region

INTRODUCTION

“Dedegiil” is the name of a mountain range among
Yenisarbademli, Aksu, Egirdir, partly Siitciiler (Isparta) and
Beysehir (Konya) districts. Beysehir Lake on one side and
Kizildag National Park and Egirdir Lake on the other. It is
the highest mountain in the Lakes Region. Dedegiil Tepe is
at the height of 2992 m altitude. Other peaks; Kartal peak is
2983 m, Karcukuru peak is 2932 m high [1 and 2].

Dedegiil Mountain is a mountain range 15-18 km wide
between the Beysehir and Egirdir Lakes to the east of the
Lakes Region, extending about 60 km in the north-south
direction. Beysehir is the eastern border of the area and it
forms Biiyiikcay’s arms, which are poured into this Lake.
The west border is Davras Mountain, Aksu Creek and the
basin. It is surrounded by Beysehir Lake, Kurucaova town,
Dumanli village and Yesildag city in the east; Sarkikaraagag
city, Sultan Mountains, Egirdir Lake, Aksu in the north;
Sarp Mountain in the west; Kopriicay valley and Emerdin
mountain, Siitgliler city, Kesme and Derebucak towns
in the south. Bird flight in north-south direction, the field
is generally mountainous and rugged rocks. Geological
structure of it is tectonic in general. Its rocks are generally
serpentine, volcanic and limestone. The area: 138568 ha,
Coordinates: 31,25’E, 37,74°N. Altitude is between 820-
2992 m. It is mostly located in vilayet Isparta (Sarkikaraagag,
Gelendost, Egirdir, Beysehir, Yenisarbademli, Aksu,
Siitciiler cities) and partially in Konya province (Beysehir
district). No protection status of the area. May be harmed.

Zindan Cave (in Aksu city), Pinargdozii Cave (in
Yenisarbademli, 16 km in length) are the most attractive
caves of Tiirkiye. Rock type and karstic structure have been
very influential in the formation of caves and boulders. It is
the richest area of the Lakes Region in terms of vegetation
and animal diversity. The mountain was selected as one of

Tiirkiye’s 122 Important Plant Areas [3 and 4]. At the same
time, it is one of the Important Nature Areas of Tiirkiye [2].
These ones are an international project and book names.
The important fresh water resources of the region are the
effects of this mountain. Especially Karag6l (in 2350 m) is
an interesting karst formation. This lake, which is fed with
snow water, has its base paved and its edges are clay. The
waters leaking from the bottom of this lake are transformed
into important rivers on the side of Antalya and these waters
are mainly used for agricultural production.

Dedegiil peak is integrated with the Anamas mountains.
Cedar and larch forests dominate up to 2000 m. It is one of the
areas where the nomads are settled and lived their migratory
traditions. The Cayr, Barak, Sorkun plateaus and the valleys
are important pedestrian precincts. Mountaineering festivals
are being held on the Melikler plateau for 19 years [1]. It is
thought that this mountain flora is important in its agricultural
structure due to its fauna, rock structure, climatic effects.
This article has been prepared for this purpose.

MATERIAL AND METHOD

The voucher herbal materials of the work have been
collected by the author at various dates since 1994. Almost
1200 specimens were collected from the area. After being
made according to the techniques of addition, pressing
and drying, they were bonded on herbarium cartons and
placed to GUL Herbarium which is in the Department of
Biology (Isparta) of Siileyman Demirel University, Science
and Literature Faculty. Identification of the specimens were
made by the author by help of Flora of Turkey and the
East Aegean Islands [2, 4 and 5]. Findings were obtained
within the scope of scientific projects carried out on various
dates. These projects were later transformed into scientific
publications and reports [6, 7, 8, 9, 10, 11, 12, 13, 14].
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The flora and vegetation that should be monitored and
endangered are determined for these studies. The floristic,
topographical, climatic and geological structures of the area
has been interpreted in order to explain the effects on the
agriculture of the local people. The satellite image of the
study area is shown on Map 1.

No record of plants collected from the field in the paper.
A list of the taxa threatened on a global scale, on a European
scale or throughout the country, and the hazard categories
were determined according to the literature [2, 3]. However,
the collection of plants has been done by author and from
general diagnosis books [2, 4 and 5] . The endangered taxa
with little or no distress in the danger category have not been
added to the list of mountains. They must be added to the
list.

Effects to agricultural production in the region of
Dedegiil Mountain was done by the author’s interpretation.
After the flora and vegetation of the mountain and the
region were revealed, the geological and geomorphological
structures was compared with the plants dominant in the
agricultural production of the Lakes Region and the results
were interpreted.

The flora of the mountain, the vegetation and the
threats on its natural geological and topographic structures
have been determined by observations in the field. Some
suggestions have been made to protect this mountain against

the identified threats.
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Map 1. View of research area from SATellite (from https:/

earth.google.com/web).

FINDINGS AND DISCUSSION

There are different ecological habitats in Dedegiil
Mountain. These habitats have been an important factor in
the development, spread and diversification of various plants.
Dedegiil is the richest mountain in terms of floristics of the
Lakes Region. Flora of it is not exactly known. According
to our work called “Flora of Isparta”; this mountain is home
to at least 900 vascular plant taxa. Approximately 650 of
these are endemic. 40 of the endemics are only grown on the
mountain of Dedegiil. So this mountain is the only address
in the world of the plant taxa.

Pinus brutia as a local community, Platanus orientalis
and Tilia platyphyllos, Populus spp. along the Aksu stream
are widely distributed near the village of Kasimlar. The
high parts of the Dedegiil Mountain are quite rich in plant
diversity. Especially in recent years, linden has been grown
in urban parks. Most of the people need linden tea. Populus
nigra and other varieties are grown in abundance in Lakes
Region for the purpose of lumbering. Crops can be cut in a
maximum of 20 years.

3.1. Plant taxa specialised to the mountain and
its environs: Aubrieta anamasica, Alyssum cephalotes,
Hesperis ozcelikii, H. pisidica, Ranunculus gueneri,
Delphinium  gueneri,  Geranium  cinereum  subsp.
subcaulescens var. pisidicum, G. glaberrimum, Erodium
pelargoniflorum, Minuartia umbellulifera subsp. salbacica,
Saponaria pamphylica, Silene guerbuezii, S. caramanica,
S. caryophylloides var. echinus, S. cariensis, S. isaurica,
S. phrygia, S. ruscifolia, S. lycaonica, S. oreades, S.
pharmaceifolia, S. capillipes, S. akmaniana, S. deliculata
var. pisidica, Minuartia anatolica var. phrygia, Herniaria
pisidica  Astragalus  sorgerae, Trigonella polycarpa,
Sempervivum ispartae, S. pisidicum, Rosa dumalis subsp.
boissieri var. antalyensis, Eryngium trisetum, Centaurea
kizildaghensis, Helichrysum  chasmolycicum, Ballota
cristata, Nepeta plinux, Lamium pisidicum, Polygala
pruinosa subsp. megaptera, Verbascum adenocarpum, V.
sorgerae, V. pumilum, V. spodiotrichum, Rindera dumanii,
Valeriana oligantha and Crocus asumaniae.

3.2. The narrow-spread taxa that grow on the
Dedegiil mountain but also grow in other areas: Hesperis
matronalis subsp. cilicica, Thlaspi papillosum, Papaver
strictum, Matthiola montana, Isatis cappadocica subsp.
alyssifolia, Hypericum monodenum, Silene amana, S. sipylea,
S. leptoclada, S. tunicoides, S. cryptoneura, S. cariensis,
Dianthus eldivanus, Saponaria syriaca, Paronchia davisii,
Geranium lasilopus, Genista burdurensis, Trigonella lycica,
Astragalus barbarae, Astragalus panduratus, A. sparsipilis,
Cephalaria lycica, Sempervivum brevipulum, S. ispartensis
Sedum hispanicum var. planifolium, Kundmannia syriaca,
Helichrysum heywoodianum, Centaurea germanicopolitana,
Euphorbia isaurica, Verbascum pinardii, V. cilicicum,
Sideritis leptoclada, Lamium Ilycium, Thymus samius and
Asyneuma isauricum.

Saponaria pamphylica is a threatened species on
European scale. It grows abundantly in Kizildag National
Park and near Beysehir Lake. It is an endemic of the Lakes
Region. Damage to the mountain is a threat to these species.

Although Silene ruscifolia were registered from Kayseri
(Pinarbasi), Sivas and Erzincan provinces, it was not found
in there by us, but there was in a small area of Gelendost
(Isparta).
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Silene caryophylloides has very good variation in the
mountain.

Sedum hispanicum var. planifolium was registered
from Kiitahya. Dedegiil Mountain is the area of second
spread. In the mountain, it is growing the best. Sempervivum
brevipilum, S. ispartensis are also endemics to the region. It
grows mostly on Dedegiil Mountain. It is spread by birds.
There are many ornamental plants of Sedum genus and
relatives.

Minuartia umbellulifera subsp. salbacica was registered
from Denizli. However, varieties of the species are growing
abundantly in the mountain.

3.3. Plant taxa in the VU (at risk) category in
the mountain: Acer hyrcanum subsp. sphaerocaryum,
Asphodeline  turcica, Bupleurum  davisii, Echinops
onopordum, Eremopoa attalica, Erodium pelargoniiflorum,
Gaudiniopsis macra subsp. micropyroides, Glycyrrhiza
asymetrica, Hypericum ternatum, Iris pamphylica, Muscari
muscarimi, Omphalodes ripleyana, Ricotia varians, Silene
delicatula subsp. pisidica, Stachys antalyensis, Trigonella
pampyhlica, Valeriana oligantha, Veronica panormitana
subsp. baradostensis, Ranunculus gueneri and Rosa dumalis
subsp. boissieri var. antalyensis.

3.4. Plant taxa in the CR (Critical) category in the
mountain: Stachys chasmosericea.

3.5. Plant taxa in the EN (Endangered) category
in the mountain: Campanula antalyensis, Cerastium
pisidicum, Crocus asumaniae, Globularia trichosantha
subsp. longisepala, Herniaria pisidica and Stefanoffia
insoluta.

It is a field where the Mediterrancan enclaves
(vegetation with foreign origin) are seen in the region. For
this reason, it is a mountain that has links to other regions
in terms of geological structure and plant formations.
There are a large number of monumental trees in the area
(registered as Beycamu by the TR. Forestry ministry), and
even 600-800-year-old larch forests or remains. Quercus
vulcanica and Abies cilicica subsp. isaurica are also present
as enclaves. Most of these trees are monumentals. It is a rare
plant from Tertiary (3rd time) that can reach to the day. For
this reason, they are both a relicts and endemics. Along the
canyon (Kapiz) is an enclave of European Siberian taxa.
There are small remains from these enclaves in the upper
parts of the canyon.

According to our work; Dedegiil mountain is gene
center of rosa genus and Rosa dumalis subsp. boissieri var.
antalyensis. R. dumalis in the area, a rosehip species, is the
highest quality rosehip species in Tiirkiye. Vitamin C in R.
dumalis growing the mountain is above of world standards.
Worldwide, the maximum rate of vitamin C was 4 mg / 100
g, while in R. dumalis it was 4.2-4.5 mg / 100 g. The other
components are also more qualified than the other rosehips.
This kind of farming industry should be established. It
shows a lot of Rosa species variation. There are almost 60
Rosa genotypes belong to 12 species in the mountain [12]

We have to think the Dedegiil Mountain together its
surrounding. Especially from Bozburun Mountain and
Kopriilii Canyon National Park, we can not think separately
from the Beysehir Lake National Park. This area has been
declared by the state largely as national park, protected
area and so on. Among the other bulbous and tuberous
plants that we have cultivated, there are Sakayik, Ayigiilii
(Paeonia mascula), Kardelen (Galanthus gracilis, G.
elwesii), Boynubiikiik, Golsogan1 (Leucojum aestivum),
Aglayangelin (Fritillaria spp.), Cigdem (Crocus, Colchicum
spp.), Lale (Tulipa spp.), Siisen, Zambak (Iris spp.),
Tiikriikotu (Ornithogalum spp.) and are also abundant and
varied in this mountain. Members of the Crassulaceae family
are particularly important for the Sedum and Sempervivum
genera, as well as Populus and Salix genera.

Origanum minutiflorum is one of the endemic species
of the region and is known as Siitciiler kekigi (As kekigi,
Corba kekigi, Tota kekigi). It is the most important plant of
Tiirkiye’s exports. The volatile oil content is about 3% and
the use of oil components is very convenient.

Paeonia mascula is a very valuable ornamental plant.
At International EXPO 2016 fair held in Antalya, this plant
was preferred instead of flowers as a symbol of flowers and
children.

Onions of Galanthus gracilis and G. elwesii are very
valuable in economy. As a taxonomic, Galanthus species
are often mixed with Leucojum aestivum species. All
three species are exported to Europe. These species are
also produced by the villagers of mountainous areas and
their onions are sold. However, not producers, usually win
European traders in trade.

The onions are sold by 5-6 Tl/kg from Tiirkiye to
European traders. In Europe, the bulbs are grown, they are
sold individually and in high price in the form of flowering
pots. It is also understood that these plants are used for the
production of organic medicinal drugs. Children paralysis are
at the beginning of these diseases. Several active substances,
especially galanthamine from the genus Galanthus, are
isolated and sold as organic drugs for a multitude of diseases.
Due to the extreme disintegration, the natural distribution
areas within the territory of Yenisarbademli are protected
by the state and dismantled. For this reason, production
studies have been started. If these plants are produced, there
is no market strain. European states are the most important
market. The floristic characteristics of the area are given in
Table 1 as a comparison with their surroundings.
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Table 1. A comparison of the floristic studies performed in and around the study area.
*: The order of first three families involving the most taxa; **The order of first three genera involving the most taxa; ***: It has been

determined by removing it from the related publication. Med. el.: Mediterranean element; Ir.-Tur. el.: Irano-Turanian element;

Avr.-Sib. el.: Euro-Siberian element.

41

Ir. Avr.-
Floras of Research Areas Total |Endemism . R . s | Med. .
Taxa | Ratio % The biggest 3 families The biggest 3 genera ol % Tuor. el. e?ll;.
IKasnak Oak Nature Protection [Fabaceae, Trifolium, Astragalus, 2738 98 6.33
Area (Isparta) [14] 442 15,61  |Asteraceae, Lamiaceae Silene ’ ’ ’
Asteraceae, Fabaceae, Silene, Astragalus,
Yaylabel (Isparta){16] 271 | 13,65 [|Lamiaceac Centaurea 2546 | 886 | 5.54
[Dedegiil Mountain [Asteraceae, Fabaceae, Silene, Astragalus,
(Isparta-Konya)[17] 824 18,69  |Caryophyllaceae Ranunculus 18,57 10,92 4,73
- [Fabaceae, Asteraceae, Silene, Trifolium,
Sttgiiler (Isparta)[7] 587 26,20  [Caryophyllaceae [Ranunculus 29.0 15.6 6.2
Asteraceae, Lamiaceae, Silene, Veronica,
Aksu (Isparta)[0] 658 25,20  [Caryophyllaceae Astragalus, Centaurea 23,1 11,4 9,2
Astragalus, Centaurea-
. Asteraceae, Fabaceae, S -
Barla Mountain (Isparta)| 18] 645 1705  |Lamiaccac Trlfollum'— Silene- ' 91.65 11.92 371
[Fuphorbia, Veronica
Bozburun Mountain Fabaceae, Silene, Trifolium,
Antalya-Isparta-Burdur)[ 19] 645 16,12 |Asteraceae, Lamiaceae [Ranunculus 32.1 7.9 5.1
Astragalus
. IAsteraceae, Fabaceae, !
A1l of Burdur vilayet[11] 1580 2531  |Lamiaceae Zerbascum, ) ) )
entaurea
Kizildag National Park (Isparta) IAsteraceae, Fabaceae, IRanunculus, Allium,
[20] 786 15,72 |Rosaceae-Poaceae Veronica 16.76 17.56 4.59
. Fabaceae, Silene, Veronica,
Davras Mountain (Isparta)[21] 415 25,80 |Asteraceae, Brassicaceae  |Astragalus 35.0 15.6 5.5
IKovada Golii National Park Fabaceae, Silene,
Isparta)[22] 367 15,25 |Asteraceae, Brassicaceae |Trifolium, Astragalus 21.52 10.62 4.90
e Fabaceae, Astragalus,
(Goleiik Lake (Isparta)[23] 227 28,20 [Caryophyllaceae AsteraceaelSilene, Vicia 21.1 17.6 6.2
[Kovada Arboretum IAsteraceae, Fabaceae (Galium, Silene,
Isparta)[15] 350 123 Lamiaceae Ranunculus 28.8 14.4 6.8
Beysehir Lake and its Environs [Fabaceae, Poaceae, Trifolium, Astragalus,
Konya) [24] - 10.12  |Asteraceae Trigonella 18.32 12.40 5.06
Ezggf; I;:?g&lmal a-Isparta) Lamiaceae, Fabaceae, IRanunculus, Veronica,
) ya-isp 707 | 3250 |Asteraceae Geranium 3097 | 1046 | 07.07
Yesildag-Kurucuova Poaceae, Astragalus, Trifolium,
Konya)[25] 512 11.52  |Asteraceae, Brassicaceac  [Silene 20.89 15.13 4.48
Sultan Mountains Asteraceae, Fabaceae, Astragalus, Silene,
Afyon-Isparta-Konya[3 and 26] 587 14.0  [Poaceae [Hypericum 12.50 13.0 5.70
. Fabaceae, Asteraceae, Salvia,
Yandag (Isparta)[27] 729 | 13.80 [Poaccac stragalus, Trigonella 19.80 | 1630 | 3.80
Asteraceae, Poaceae, Ranunculus. Juncus
Aksehir (Konya)[28] . 0.0 [rabaceac Polygonum, Potamogeton | 11.20 | 25.60 | 8.80
: . Asteraceae, Sideritis,Astragalus,
Derebucak-Ibradi-Akseki[29] 960 173 |Caryophyllaceae Liliaceac [Silene . . .
. Asteraceae, Fabaceae, | Astragalus, Silene,
All of Isparta vilayet [9] 2280 28.50  |Poaceae Verbascum - - -
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According to the information received from the people
in the region, especially shepherds and forestry; the public
believes that Dedegiil¢icegi (Centaurea bornmuelleri or a
Jurinea sp.) will bring good luck, and they keep the flowers
of its at home for a while. For many illnesses, its tea is
brewed and drunk. It is short-lived, rhizomatous, perennial,
light blue or whitish-flowering, and even pleasant-smelling.
In the place where the tomb of Dedegiil is located, it is a rare
endemic growing on the rocky slopes between Karagol and
the peak. Tourists climb to the top of the mountain to see
this species. Some of them can see, but some can not. Others
think of other fragrant plants as degenerate flowers.

There is also Dedegiil¢ay1 (Cyclotrichum origanifolium)
at the mountain. It is named “Kafaotu, Kafasiipiirgesi or
Karabagotu” in Senirkent. It grows on damp bare rocks and
at high altitudes. The Yaka villagers sells locals from the
tops of the village and sells them in Pimarpazar1 of Egirdir.
It is used against diabetes, infectious diseases; it is brewed
and drunk for a delicious fragrant tea. It is a well known,
popular and sold plant in the region. Agriculture can not be
done. However, it can only be produced on fields in forest
openings in high mountains.

Marsuvan otu / Herdemtaze / Altinotu (Helichryssum
plicatum) is a very important economic value and must
be cultured. It is also an important medical plant in the
mountain. Its tea is drinking against the urinary tract
disorders. The local people collect the upper parts of this
plant, especially the flowering part in the growing season,
dryed in the shade, and used especially in the winter season.
They are sold in bundles in transit.

This mountain is very important in local agriculture. It
is known that the plant geography, ecological conditions
and floristic structure of the mountain are important in the
selection of the plant to be cultivated. Lakes Region is the
center of roses and fruit production in Tiirkiye. More than 50
% of the fruit trees in Tiirkiye belong to the Rosaceae family.
This success is due to the fact that the Dedegiil mountain. It
is a genetic center for the Rosa genus. Almost all of the fruit
trees have a few wild forms in this mountain flora.

3.6. Some plants growing naturally on Dedegiil
Mountain and in high economic importance:

3.6.1. Mushrooms:

There are edible mushroom taxa in the mountain. Ku-
zugdbegi (Morchella spp.), Caywr mantart (Agaricus cam-
pestris), Istiridye mantar:, Cntar (Pleurotus ostreatus),
Domalan / Tiriif mantar1 (Tuber sp.). Agaricus bisporus
and Pleurotus ostreatus have been produced in the region
especially in Isparta and Burdur in recent years. The quality
of producted Morchella species is poor as well as the produ-
ction experiment. For this reason, there is a market problem.
Only natural breeders can be sold as fresh 100-125 Tl/kg,
dryed 800-1000 Tl/kg. When the species are fresh, the wa-
ter is used to treat eye diseases. Protein is high. It’s the top
quality mantle.

3.6.2. Herbaceous plant taxa:

For medical and aromatic purposes: Dedegiilgicegi
(Centaurea bornmuelleri or Jurinea sp.), Altin otu /
Marsuvanotu / Solmazgicek (Helichrysum plicatum
and other Helichrysum spp.), Rezene / Arapsact
(Foeniculum vulgare), Kekik / Zahter (Thymus, Thymbra,
Corydothymus, Origanum, Satureja spp.), Bayir cay1 / Incir
kekigi (Origanum majorana), Siitciiler Kekigi / Askekigi
/ Tota Kekigi / Yayla kekigi (Origanum minutiflorum),
Ac1 yavsan / Pelin (Artemisia absinthium), Isirgan otu

(Urtica dioica, U. urens), Salba / Bozot / Adagay1 (Salvia
tomentosa and so on.), Oglanotu (Teucrium polium),
Yarpuz / Nane (Mentha spicata, M. longifolia), Adagay1 /
Esekotu / Daggay1 / Yaylagay: (Sideritis spp.), Yilanburgagi
(Arum spp.), Suteresi / Gerdeme (Nasturtium officinale),
Karagan / Laden /Pamuklukotu (Cistus spp.), Salep
(Orchis, Ophyris, Cephalanthera spp.), Kantaronotu /
Binbirdelik otu (Hypericum spp.), Ayvadana / Civanper¢cemi
(Achillea and some Tanacetum spp.), Papatya (Anthemis,
Tripleurospermum spp.), Ebegomeci (Malva neglecta, M.
sylvestris), Yabani sogan (Allium spp.), Beysehir¢6geni
/ Cevgen (Gypsophila arrostii var. nebulosa), Simbiil
(Muscari spp.), Yakiotu (Epilobium spp.), Cigdem (Crocus
spp.), Gelincik (Papaver, Glaucium spp.), Sirken / Akpazi
(Chenopodium spp.), Esekmarulu (Taraxacum and Sonchus
spp.), Giinegik / Karakavuk (Cichorium intybus), Topuzluk
(Echinops spp.), Ogul otu (Melissa officinalis), Sigil otu
(Chrysophora tinctoria), Bogiirtlen, Bortlek (Rubus spp.),
Sigirdili (Anchusa spp.), Deve dikeni (Onopordum spp.),
Hardal (Sinapis arvensis), Sakiz otu (Chondrilla juncea),
Menekse (Viola spp.), Yabani turp (Raphanus sativus),
Demirdikeni / Devegokerten (Tribulus terrestris), Bitirak
(Arctium tomentosum), Ayrikotu (Cynodon dactylon),
Yaylacay1 / Incegay / Daggay1 (Sideritis libanotica), Balotu
/ Emzikotu (Onosma isauricum), Gelincik (Papaver rhoeas
etc.), Sinirotu / Sinirliot / Kirkdamarotu (Plantago major
subsp. intermedia), Zambak (Lilium spp.) and Abdestbozan
(Sarcopoterium spinosum) etc.

3.6.3. Ornamental plants:

Sakayik / Ayigiilii (Paeonia mascula), Menekse (Viola
spp.), Dag lalesi (Anemone spp.), Sarmasik (Hedera helix),
Dagkaranfili (Dianthus spp.), Kegibicigi (Michauxia cam-
panuloides), Egreltiotu (Dryopterix filix-mas), Kartalegrel-
tisi (Polypodium vulgare), Aci ¢igdem / Kilig otu (Gladio-
lus italicus), Siizen / Zambak (Iris spp.), Nergiz (Stenbergia
lutea), Kardelen (Galanthus spp.), Aglayangelin (Fritillaria
spp.), Lale (Tulipa spp.), Damkorugu / Sabirotu (Sedum
spp.) and Sempervivum spp., Golotu / Boynubiikiik (Leuco-
Jjum aestivum), Kardelen (Galanthus gracilis and G. elwe-
sii), Cuhagicegi / Dagmarulu(Primula veris, P. vulgaris),
Topalak (Cyclamen spp.) and Siisen / Zambak (Iris spp.).

3.6.4. Food plants:

ilabada / Kuzukulag: / Evelik / Efelek (Rumex spp.),
Bogiirtlen / Bortlek (Rubus spp.), Horozibigi ( Amaranthus
retroflexus), Isirgan (Urtica dioica), Tokmekan / Tokmakan
/ Semizotu (Portulaca oleracea), Aci ¢igdem / Kiligotu
(Gladiolus illyricus), Cigdem (Crocus biflorus, C.
chrysanthus) Sigirdili (Anchusa azurea), Cobangantasi
(Capsella  bursa-pastoris), Cakir dikeni (Eryngium
campestre, E. billardieri), Ebegiimeci (Malva neglecta, M.
sylvestris), Hardal (Sinapis arvensis), Yabani bakla (Vicia
sativa), Givisganotu (Silene vulgaris var. vulgaris), Yemlik
/ Tekesakali (Tragopogan latifolius var. angustifolius,
Scorzonera cana), Madimak / Cobandegnegi / Kusekmegi
(Polygonum cognatum, P. aviculare), Kormen (Allium
scorodoprasum  subsp. rotundum), Salep (Orchis
laxiflora; O. tridentata), Dag Erigi / Cakal erigi (Prunus
divaricata subsp. ursina), Cordiik / Tursu otu / Tarhana
otu (Echinophora spp.), Coven (Gypsophila arrostii var.
nebulosa). Edible plants from aromatic and these plants can
also be added to this group.
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3.6.5. Woody taxa:

Essential oil plants and aromatics: Sumak / Mavru
(Rhus coriaria), Thlamur (Tilia argentea), Yagliardig / Ko-
karardi¢ (Juniperus foetidissima), Murt / Mersin (Myrtus
communis), Kebere / Gebere (Capparis spinosa var. spino-
sa, C. ovata), Karagali / Caltidikeni (Paliurus spina-christi),
Defne /Tehni /Tehnel (Laurus nobilis), Karagan / Laden /
Pamuklukotu (Cistus spp.), Tesbih ¢alis1 / Ayifindigi (Styrax
officinalis), iledin / Koknar / Goknar (Abies cilicica sub-
sp. isaurica), Cam / Sam (Pinus spp.), Sedir / Katran agaci
(Cedrus libani), Kusburnu / itburnu (Rosa dumalis subsp.
boissieri var. antalyensis and other Rosa spp.), Sigla/ Giin-
lik (Liquidambar orientalis) and Cinar /| Kavak (Platanus
orientalis.

3.6.6. Wild fruits:

Kizilcik/ Ergen (Cornus mas), Elma (Malus sylvestris),
Armut / Ahlat (Pyrus spp.), Kuskirazi /Kiraz (Prunus spp.),
Dagmusmulas1 / Kiirt (Cotoneaster spp.), Uvez (Sorbus
spp.), Payam / Badem (Amygdalus spp.), Kusburnu
/ itburnu (Rosa dumalis, R. canina, R. pulverulenta,
R. horrida etc.), Alig / Kizilcik / Yemisen (Crataegus
spp.), Kizilcik / Ergen (Cornus mas), Menengic / Citirik
(Pistacia terebinthus), Cakalerigi (Prunus spinosa subsp.
dasyphylla), Geyikelmast (Eriolobus trilobatus), Dogan
agaci / Citlembik (Celtis australis).

3.6.7. Forest trees:

Karagam (Pinus nigra), Katran / Sedir (Cedrus libani),
Dikenardi¢ (Juniperus oxycedrus), Yagl ardi¢/ Kokarardig
(Juniperus foetidissima), Boylu ardi¢ / Bozardi¢ / Kara ar-
dig (J. excelsa), Iledin/ Goknar (Abies cilicica subsp. isau-
rica), Simgir /| Akgaagag (Acer spp.), Disbudak (Fraxinus
spp.)-

3.6.8. Plants for ornamental / landscaping purposes:

Papazkiilah1 (Eunymus latifolius), Karagali / Calti-
dikeni (Paliurus spina-christi), Simsir /| Akcaagag (Acer
spp.), Disbudak (Fraxinus spp.) Karamuk / Kadintuzlugu /
Hanimtuzlugu (Berberis vulgaris, B. crataegina), Karagam
(Pinus nigra), Cinar | Kavak (Platanus orientalis), Pir-
nal mesesi / Piynar (Quercus coccifera), Kasnak mesesi
(Quercus vulcanica), S6giit (Salix spp.), Kavak (Populus
spp.), Sandal / Kocaagag (Arbutus andrachne), Erguvan /
Gelinyemisi (Cercis siliquastrum), Dumanagac1 (Cotinus
coggyrgria) and Papaz kiilah1 (Eunymus latifolius).

3.6.9. Plants in horticulture / Agroforest: Fruits (apple,
cherry, apricot, strawberry, quince, new world, pearl, pear,
hawthorn etc.), wild deer, fruits), cutting roses (in Antalya)
and oil rose production (in Burdur, Isparta, Afyonkarahisar)
are belonging to microclimatic effects produced by this
mountain in the region. Strawberry (especially produced
successfully in Sarkikaraagag in recent years), the apple of
Isparta (22 % of Tiirkiye’s apple production from Isparta).
Isparta is leader in the oil roses production of world. In recent
times, lily production in Isparta has also been increased and
turned into an industrial product.

Iris germanica (Zambak in Turkish) is produced in
the vicinity of Kegiborlu for this aromatic oil purpose. The
productions of lavender (Lavandula angustifolia) and
lavandin (Lavandula x intermedia) are around 350 da in
the vicinity of Kegiborlu. Isparta oil rose (Rosa damascena)

is produced in the region since the Ottoman time. In recent
years, oil rose production has been reached 35000 da areas.
Papaver somniferum (Hashas in Turkish) has also been
produced for medicinal purposes since the Ottoman period.
Its production is supervised.

Sekerfasiilye, Akgabelen fasiilyesi (sugar bean) which
is a high quality and brand-name produced in the related
area is a result of microclimate that flows the Akgabelen
village neighborhood of Beyschir and also Yakaavsar
town of Aksu (Isparta). A lot of sugar bean (Seker fasiilye)
varieties are produced in especially Ilgmn, Seydisehir,
Yalvag, Sarkikaraaga¢, Yenisarbademli, Egirdir, Aksu
(especially Yakaavsar town) in the region. Sugar beans carry
a geographical sign for the region. Not only sugar beans,
but also many kinds of vegetables such as pea, chickpea,
cowpea, red kidney beans are produced. This success is
thought to be due to the fact that Leguminosae family is from
large families in the mountain flora and that microclimate is
effective. Protein value is around 18% in normal beans and
about 30% in this bean. There is a project that is protected by
the World Bank for the protection of this bean [31].

Honey production in the region is important as economic.
There are varieties such as lavender honey, Yaylabali (ie.
plateau honey) and Karakovan honey. It is known that honey
quality and production are related to floristic variety and
vegetation. The rose honey, lavander honey, and pine honey
can be produced in the future. The quality of the products in
the region is high and therefore there is no problem in sales.
Honey is also produced in lavender, rose, lily, thyme fields
and fruit gardens and natural fields.

There are many kinds of medicinal and aromatic plants
collected from the mountain. Significant revenues are
gained from these crops both in Tiirkiye and abroad. Most
of these plants are herbaceous and geophyt plants, which are
commercial values and sold abroad from Tiirkiye [30].

Zindan Cave (in Aksu), Pinargdézii Cave (in
Yenisarbademli, 16 km in length) are the most attractive
caves of Tirkiye. Especially Karagél (in 2350 m) is an
interesting karstic formation. Rock type and karstic structure
of the area have been very influential in the formation of
caves and boulders. In here, the local people can store the
foods (cheese, butter etc.) for a long time. This tradition is
still maintained in some parts.

Dedegiil mount is the richest area of the Lakes Region
in terms of vegetation and animal diversity. It was selected
as one of Tiirkiye’s 122 Important Plant Areas. At the same
time, it is one from Important Nature Fields [2 and 3].

The rock variety of Dedegiil Mountain has been an
important factor in the soil diversity of agricultural areas. It
is known that after the climate, the soil factors are effective
in the growth of plants, and soil in some plants it is the first
factor. The diversity of volcanic rocks in the region has been
influential in the formation of fertile agricultural lands.

The main rock in the area is limestone. Locally small
blocks of serpentine are visible. It is known that the rock
variety is effective in chemical composition of water. There
are underground lakes in Dedegiill mountain. The rivers
that come out of the mountain go out with the increase of
the water level there, decrease and increase. Because it is
the highest mountain and big in the region. It receives the
highest rainfall and these rains descend inferior in time.
Dungeon cave such as Karag6l, Piargozii is also nourished
by the precipitation. Bagpinar, Beysehir Lake and Egirdir
Lake’s water resources from the bottom of this mountain is
the extensions of the mass of water to the earth. This wet
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and damp structure have been influential in the formation
of wetlands, meadows and marshes around the mountain.
An important part of these mers are the shores of Beysehir
Lake and Yalvag, Hiyiiklii, Sarkikaraga¢ Goksogiit,
Cigekpinar. It’s around Senirkent Trotter. In these areas,
pastures management was projected with the works of the
Provincial Directorate of Food, Agriculture and Livestock
[13] to improve the animal husbandry and to distribute the
facilities equally to the people in the rural areas. Significant
distances have been taken in these studies. This success is
due to the fact that there is microclima and water source
which is formed by the related mountain.

CONCLUSION AND
RECOMMENDATIONS

Since the area is located between Central Anatolia and
the Mediterranean, the flora and vegetation must reflect the
characteristics of the Mediterranean and Iran-Turan regions.
Mediterranean forests, alpinic steppe, stony slopes and steep
rocky vegetation cover vast areas. In the lower parts, maquis
communities, plains, steppes, red pine (Pinus brutia), river-
coastal plant communities, agricultural areas; mixed forests
of cedar / tar (Cedrus libani) and larch (Pinus nigra subsp.
pallasiana), up to 2000 m in height. On the tree border
(2000 m), it consists of mountain steppes, juniper (Juniperus
excelsa), fragrant juniper (J. foetidissima) communities and
steep rocky vegetation cover.

Endemic plant taxa to the area and its environment:
approximately 40,

Plant taxa in the VU (at risk) category in the mountain:
20,

Plant taxa in the CR (Critical) category in the mountain:
1,

Plant taxa in the EN (Endangered) category in the
mountain: 6,

Rare and endangered plant taxa in the area: 52,

Number of endangered species on a global scale 1 (Acer
hyrcanum subsp. sphaerocaryum); Number of endangered
species on European scale 49,

According to the Bern Convention, the number of
endangered natural habitats is 5 (West Taurus Abies cilicica
forests, Pinus nigra subsp. pallasiana forests, South
Anatolian Pinus brutia forests, Taurus Juniperus excelsa
forests, Taurus cedar (Cedrus libani) forests) [5 and 11].

Farming, animal husbandry and forestry are made in
the mount. Foliage and vegetable cultivation are carried
out in the covered districts. Apple, rose, strawberry is one
of the important income sources of Isparta and the region.
This success is due to the floristic structure of the Dedegiil
mountain and the effect of microclimate on the environment.

The area has been the scene of many civilizations
throughout history. BC. Etiler (Hittites) in 4000 BC,
Phrygians in 1500 BC Ions in 800 BC Lydians in 600 BC,
Persians in 450 BC in 190, the Romans, AC. in 395 the
Byzantines were dominant in the region. The dungeon of
Aksu is one of these ancient cities [1].

After the Malazgirt Victory in 1071, Anatolia joined to
the Seljuk lands in 1142. During the Seljuk period, Sultan
Alaaddin Keykubat built the Kubat-Abad city and made
the second capital, saying: “Heaven is here or under this
place”. This word is still valid for this day and indicates the
uniqueness of the area [1].

Wild plants have been used as important food in

prehistoric communities. The transition to plant and animal
breedings between the years 6000-7000 (Neolithic period)
reduced the importance of wild plants, but during the famine
period wild plants were used as food. In Anatolia, wild apples
(Malus sylvestris subsp. orientalis), Hibiscus / Ebegiimeci
(Malva sylvestris), Palamut mesesi (Quercus ithaburensis
subsp. macrolepis) and many other plant foods were used as
raw or cooked. The role of these civilizations is great in the
cultivation of the region and in agricultural plants.

Today, around 3000 plants are cultivated for food
purposes in the world. The number of natural plants used
as food is more than 10.000 [32]. According to the 11th
volume of Flora of Turkey, the number of plant species in
our country is 11.014 and 3.708 is endemic [Sc]. Dedegiil
Mountain is an important center for bulbous, medicinal and
aromatic purposes as well as fruit trees.

Mount Dedegiil is the highest mountain in the region.
It is also linked to other mountains. Thus microclimate was
formed in the region and ecosystems came to the foreground.
Every ecosystem has its own plants and animals that feed
and shelter those plants. In Lakes Region, most of the
plants are grown naturally in this mountain. People around
the area are more likely to benefit from the flora than other
places. Thyme, sage, caravan etc. It is collected and sold for
commercial purposes. Boynubiikiik / Golsogani (Leucojum
aestivum) only grows in an small area on the edge of this
mountain and is protected by the Nature Conservation and
National Park Directorate. In MAREM, located in Egirdir,
experiments on reproduction of this plant have been made.
The symbol of the EXPO 2016 Fair held in 2016, Ayigiilii
/ Sakayik (Paeonia mascula) grows best and best on this
mountain. The people of the region depend on agriculture
for the first time. Almost all of the plants produced in
agriculture grow naturally in this mountain. Therefore, this
seedling / breeding, rootstock etc. are obtained. In addition,
the presence of the wilds of agricultural plants to be
produced on a mountain is an indication of the success of the
cultivation of that plant group in the relevant area. Irrigation
and water features are very important in agriculture. In both
drinking water and agricultural irrigation, the water reserve
of the mountain concerned is quite significant and important.
It is known that the freshwater resources are decreasing in
our country and its importance increasing.

The sources of the floristic richness in the area is due
to its microklima, soil and rock properties. The fact that
our study area is mainly influenced by the Mediterranean
phytogeographical region, although the endemics of Tiirkiye
are mostly in the range of 1000-2000 m. The fact that most
of the cultivation is carried out at these heights is the most
important factor in the low rate of endemism. The excessive
number of taxa may be another factor that reduces the
endemism rate.

Although the Long Period Development Plan (UDGP)
of the Beysehir Lake National Park exists, the plan is not
implemented. Our idea is that; the private company that
prepared the plan probably drafted the plan depending on
the literature to reduce the cost and the experts in the field
did not review it. Therefore, the plan has no provisions.

4.1. Hazard Categories and Protection Status: Only
a small part of Dedegiil Mountain is protected because it is
included in the scope of Beysehir Lake National Park. There
is no protection status for the other part. Despite the fact that
the area is very important, there is no its protection status.
For this reason, the destruction has been made clear in recent
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years. Marble and mines are opened by taking advantage
of legal space and wildlife is damaged. The change of
topography and microclimate due to vegetation is a threat to
agricultural production, underground and super fresh waters
and biodiversity on the ground. It is suggested that state and
national care should be taken to protect all natural structures,
especially topographic changes, up to the taking of the area
protection status.

Local people living in or around protected areas such
as National Park, Nature Conservation Area opposed to
protected areas by complaints from their restrictions on
their movement. While maintaining biodiversity in the local
population, it is widely believed that the human needs of the
people are not considered enough. However, biodiversity is
health, education, economy. The only way to overcome this
misconception and protect biodiversity is again education,
project, skilled human power.

4.2. The area is the target of biotools.

Every year, there are aliens who smuggle in this area.
Local guides should be given to foreign tourists and the
aims of the tourists should be well established. Especially in
ecotourism, the danger of biofuels is higher. Consciousness
of the local people is important.

Excessive grazing and cutting trees are other important
threats. But the above threats are of higher priority. The cut
is usually carried out by the General Directorate of Forestry.
It is very damaging to the area. The removal of the historic
larch forests in this way causes a new structure in the
ecological structure. It changes the flora and vegetation of it.
It is estimated that the number given in Table 1 is increased
by at least 50 species and 20 endemic taxa in the mount.
Plant diversity also encouraged the diversity of the field
animals. Especially the apollo butterfly(Parnassius apollo)
is an indication and endemic of the area. The diversity and
populations of butterflies increase in the area where a lot of
rose hip crops[33].

The effects on the local agriculture of Dedegiil
Mountain can be summarized as follows:

There are many medical and aromatic plants growing
in the mountain. These plants are collected from nature or
produced and contribute to the economy and health of the
local people. The most important of these is undoubtedly the
poppy.

Fruit farming is leading in local agriculture. Especially
strawberry, apple, quince, rose, rosehip, cherry, plum, pear
etc. They grow as wild plants in the mountains. In the same
way (grape), fig (nut) also naturally grows in the relevant
area. This situation indicates that such fruit plants are the
natural spreading area and ecologically the most suitable
growing area in the region.

There are many wetlands around the mountain. The
importance of wetlands is increasingly understood. Some of
these areas are considered as meadow-pasture. This situation
is also an important contribution to local animal husbandry.

Source streams such as Aksu, Baspmar and Pmargozii
are important services in both drinking water, agricultural
irrigation and fishing. Fish farms in Aksu are fed from this
source.

The knowledge and experience inherited by the ancient
civilizations in the region are also important in the food and
agriculture. When all the features are combined, the Seljuk
Sultan reminds the words of Alaaddin Keykubat: “Heaven is
here, or underneath”. Protecting the area is very important
for this reason.
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Ozet

Son yillarda diinya genelinde tiretimin artmasiyla birlikte tilketim miktar1 da artmistir. Bu durum sonucunda atiklarin bertarafi problemi ortaya
¢ikmigtir. Plastik, cam, metal ve karton gibi atiklar endiistriyel faaliyetler ile geri donistiiriilebilmistir. Organik atiklarinda biyoteknolojik
yontemlerle kompostlastirilarak geri kazanilmasi iilkemiz genelinde yayginlagsmaya baglamistir. Kompostlama islemi mikroorganizmalarin
atiklardaki organik maddeleri ayristirmasi islemine verilen isimdir. Kompost ise mikroorganizmalar tarafindan mineralize edilmis iiriine
verilen isimdir. Iyi bir kompostun biyolojik parcalanabilirliginin fazla olmas1, organik madde miktarinin yiiksek olmasi ve zararli maddelerden
armdirilmis olmasi gerekmektedir. Bu ¢aligmada organik atiklarin biyoteknolojik yontemler kullanilarak kompostlastirilmasi konusu tizerine
literatiir incelenmistir. Literatiirde belirtildigi tizere kompost iirtinlerinin nitelendirilmesi konusunda kesin bir standartlagsma bulunmamaktadir.
Buna karsin kompostlamaya etki eden faktorler; dane yapisi, karbon azot orani, pH, sicaklik, havalandirma ve su igerigi olarak belirlenmistir.
Kompost tiretiminin gesitli faydalari bulunmaktadir. Bu faydalar; zemin bosluk hacmini artirma ve havalandirmasini kolaylastirma, zor islenen
topraklarin kolay islenmesini saglama, zeminin su tutma kapasitesini artirma, besin maddelerinin daha iyi kullanilmasini saglama, topraga
bol miktarda bakteri verme, zeminde besin maddelerinin artigini saglama, humus tiretimine katkida bulunma ve erozyonu engelleme seklinde
listelenebilir.

Anahtar Kelimeler: Kati atik, kompost, mikroorganizma

Compositing of Organic Solid Wastes with Biotechnological Methods in Aerobic
Conditions

Abstract

In recent years, the amount of consumption has increased with the increasing of production worldwide. As a result, the problem of waste
disposal has arisen. Wastes such as plastic, glass, metal and cardboard can be recycled by industrial activities. Composting organic wastes
by biotechnological methods has started to be widespread throughout our country. Composting is the name given to the process by which
microorganisms separate the organic matter in the wastes. Compost is the name given to the product mineralized by microorganisms. A good
compost requires that the high biodegradability, high amount of organic matter and being free from harmful substances. The literature on the
composting of organic wastes using biotechnological methods has been examined in this study. According to the literature there is no definite
standard for the qualification of compost products. On the other hand, factors affecting compost production are determined as grain structure,
carbon nitrogen content, pH, temperature, ventilation and water content. The benefits of composting are listed as increasing the volume of the
floor space and facilitating ventilation, increasing the water holding capacity of the ground, making better use of the nutrients, giving plenty of
bacteria to the soil, increasing the nutrients on the ground, contributing to humus production and preventing erosion.

Keywords: Solid waste, compost, microorganism
GIRIiS
Giinlimiizde insan niifusunun artisi ile birlikte olusan

katt atik miktarinda da artis olmustur. Bu nedenle organik
kat1 atiklarin 1slah1 ve bertarafi sorunlarmnin ¢6ziimiine

Kompostlagtirma i¢in sirali yigin kompostlastirma, pasif
havalandirmali yigmlar, havalandirmali statik yiginlar,
reaktorlerde kompostlagtirma vs. gibi farkli yontemler
uygulanmaktadir [7]. Tim bu kompostlastirma yontemleri

yonelik yeni yontemler arastirilmaya baglanmistir. Son
yillarda organik kati atiklarin kompostlagtirma yontemiyle
geri kazanimi yontemi 6n plana ¢ikmustir [5]. Diger
taraftan kompostlastirma eski zamanlardan giinlimiize
kadar siirekli kullanilmistir [6]. Organik maddelerin uygun
sartlar altinda biyolojik siireclerden gecerek topraga benzer
bir iiriin haline gelmesine ‘Kompost’ adi verilmektedir
[9]. Yapilan c¢aligmalarda topraktaki organik madde
eksikliginin kompost ile giderilebilecegi belirtilmistir
[10]. Topragin yiiksek organik maddeye sahip olmasi igin
kompostun hammaddesinde bulunan karbon ve azotun
aynit oranda yiiksek olmasi gerekmektedir [11]. Literatiirde
bitkisel ve hayvansal atiklarin  kompostlastirtlarak
tarimda  kullanilmasinin  saglanmast  Onerilmistir  [3].

i¢in ortak etki faktorleri bulunmaktadir. Sadece reaktorlerde
kompostlastirma yapilirken hammaddenin oksijen ile
temasinin devam ettiginden emin olunmasi gerekmektedir.
Acik alanda ve biyoreaktorlerde yapilan kompostlagtirma
islemlerinin en o6nemli farki ise biyoreaktorlerde enzim
kullanilmasidir. Enzimatik kompostlastirma olarak bilinen
bu yontemin en Onemli avantaji ise zamandan tasarruf
saglamasidir. Bu ¢alismanin amact aerobik kosullarda
organik kati atiklarin  kompostlastirilamasi, kompost
olusumunu etkileyen faktorler ve kompostlastirma da
kullanilan yontemlerle ilgili literatiirde bulunan makaleleri
incelemektir.
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Kompostlasmaya Etki Eden Faktorler

Tim yontemlerde kompostlagsmaya etki eden ortak
faktorler; dane yapisi, C/N orani, pH, sicaklik, havalandirma
ve su muhtevasidir.

1. Dane Yapisi

Dane yapist kiigiik olan kati atiklar1 pargalamak
mikroorganizma  faaliyeti i¢in daha fazla yiizey
alan saglamaktir. Bu durumda reaksiyonun siiresini
kisaltabilmektedir.

2. Karbon/Azot (C/N) Oram

Mikroorganizmalar ~ enerjilerini  karsilamak  {izere
karbon (C) ve ¢ogalmak i¢in de azot’a (N) ihtiya¢ duyarlar.
Kompostlama i¢in optimum deger 25 — 35 arasinda degisir.
Eger bu oran 35’1 gegerse biyolojik aktivite yavaslar ve
islemin siiresi uzar. 25’in altinda ise amonyak aciga ¢ikar ve
mikroorganizmalar zarar goriir. Ayrica ac¢iga ¢ikan amonyak
koku olugumuna da yol agmaktadir.

3.pH

Her mikroorganizmanin yasadigi belirli bir pH bolgesi
vardir. Kompostlagsma siirecinde kullanilan bakterilerin
optimal pH ortami 6 - 8 arasindadir. Islem siirecinde ortam
1sinmaya baslayinca bakterilerin salgiladig organik asitlerle
pH 4 — 5 ‘e diismektedir. Termofilik faza gecis ile ortamin
pH degeri tekrar 8’e kadar yiikselmektedir. pH 6l¢iiliirken
% 10 distile su ile homojen karisima doniistiiriilerek 6l¢iim
yapilmaktadir [8].

4. Sicakhk

Kompostlagsmada kullanilan mikroorganizmalar organik
maddelerle beslenirler. Bu aktivite sirasinda 1s1 olusmaktadir.
Ortamdaki 1sinin yiikselmesi patojen mikroorganizmalarin
6lmesini de saglamaktadir. Patojen giderimi i¢in 2 veya 3 giin
kompost sicakliginin 60°C {istiinde olmasi gerekmektedir
[12].

5. Havalandirma

Ayrisma isleminin koku sorunu olusturmadan meydana
gelmesi i¢in, aerobik sartlar saglayacak yeteri kadar oksijen
bulunmahidir. Kompostlama, yigmm karistirilmasiyla
daha hizli seyreder ¢iinkii bol miktarda havanin
mikroorganizmalara ulagmastyla kompostlama iglemi daha
hizli bir sekilde gergeklesmektedir [2].

6. Su Muhtevasi

Nem komposttaki mikroorganizmalarin biiylimesi ve
cogalmasi i¢in gereklidir. Nem igerigi alt aralik olarak
yaklasik % 40 — 45 kadardir. Ust aralik ise gozeneklerin,
oksijenin mikroorganizmalara ulagmasini saglayacak sekilde
acik tutulmasiyla belirlenir[12].

Kompostlama islemi i¢in en uygun kosullara ait degerler
Cizelge 1’de verilmistir [17].

Cizelge 1. Kompostlastirma I¢in Gereken Uygun Sartlar

Kosullar Kalzl:a];:l(li(ilen Onerilen Arahk
C/N Oran1 20-40 25-35
Su Muhtevasi % 40 — 65 % 45 - 60
Havalandirma >%5 >% 10
pH 55-9 6,5-8
Sicaklik (°C) 43 -66 54 - 60

Evsel kat1 atiklar, (civa) Hg, (kadmiyum) Cd, (bakir)
Cu, (¢inko) Zn, (kursun) Pb, (krom) Cr gibi agir metalleri
biinyelerinde tasimaktadirlar.Kati atik madde gruplarinin
icerdigi agir metallere ait kuru agirlik oranlar1 Cizelge 2°de
verilmistir [13]. Cizelge 2’ye gore en fazla ¢ginko ve kursun
bulunurken en az civanin oldugu goriilmektedir.

Cizelge 2. Kat1 Atk Madde Gruplarmin Igerdigi Agir Metal
Oranlari

Kuru Afirlik
Agir Metaller Simgeler

(mglke)
Kadninyun ] 10

Kusn (?b) 60
Kiom (@) 100
Bukr @) 550
Civa () 04

Cinko (Zn) 600

Kompostta agir metal miktar: arttikga sicaklik diiser.
Sicaklik  diistisleri;  mikroorganizmalarin ~ metabolik
faaliyetlerinin yavasladigini, hatta bazilarinin dldiiklerini
gostermektedir. Bu durum organik ayrismanmn hizinin
yavaglamasint  ve hijyenik kosullarin  saglanmasini
onlemektedir [14].

KOMPOSTLASTIRMA YONTEMLERI

1. Aerobik Kompostlastirma

Aerobik kosullarda mikroorganizmalarin kati organik
atiklar1 pargalamasi ile kompost iiretim seklidir. Sizdirmaz
zemin lizerinde karistirma ile havalandirma yapilarak ve su
ilavesi ile gerceklestirilen islemdir [15].

2. Anaerobik Kompostlastirma

Anaerobik sarlarda gerceklestirilen kompost olusturma
islemidir. Kapali reaktor igerisinde uygun pH , sicaklik , nem
ve oksijensiz ortam sartlari olusturularak yapilan yontemdir
[15].

KOMPOSTLASTIRMA ASAMALARI

Kompostlagtirma asamalari sirastyla; ayirma, pargalama
(6giitme), karistirma ve depolama seklindedir [6].

1. Ayirma

Kompostlastirilamayan kat1 atiklarin proses
baslangicinda ayrilmasi gerekmektedir. Bu ayristirma ayni
zamanda cam, plastik, karton ve metal gibi maddi degeri
olan atiklarin geri kazanimini saglamaktadir [6].

2. Parcalama (Ogiitme)

Ayirma isleminden sonra evsel veya hayvansal
organik atiklarin  kompostlastirilmasini  kolaylastirmak
i¢in pargalama islemi gerceklestirilir. Bu asama sonunda
homojen bir karisim elde edilmektedir [6].

3. Karnigtirma

Mikroorganizmalarin gerekli oksijene ulasabilmesi i¢in
yapilan bu islem, yiginin i¢inde biriken amonyak gazinin
disartya salinmasini da saglar [6].

4. Depolama

Kompostlastirilmasi saglanan organik atiklarin trommel
elekte elenmesi ve kapali bir alanda depolanmasi islemidir
[6].

5. Kompost Uriinii ile Giibre Arasindaki Farklar

Kompost giibre degildir. Giibre topraga bitkilerin
gelismesi  i¢in  gerekli besin maddesini kazandiran
maddelerden olusmaktadir. Kompost ise topragin yapisal
diizenini saglayan iriindiir. Kompost igerisinde belli
oranlarda azot, fosfor ve potasyum ilavesi ile iistiin kalitede
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giibre eldesi miimkiin olabilmektedir. Ayrica olusan bu
giibre tiim yapay giibrelerden daha yararhdir. Ozellikle de
yapay tat sorununu ortandan kaldirmaktadir [16].

6. ideal Kompostun Ozellikleri

Ideal bir kompostun sahip olmasi gereken dzellikler;

1. Kompostun hijyenik yonden kusursuz olmasi, insan
ve tiim canli sagligini tehdit etmemesi,

2. Karbon/Azot oranmm 35’den daha biiyiik olmasi
halinde azot beslemesi yapilabilmesi,

3. Piyasaya siiriilen kompostun su muhtevasimin % 50’
yi gegcmemesi,

4. Piyasaya siiriilen kompost i¢inde cam, ciiruf, metal,
plastik, deri gibi maddelerin toplam agirligmin % 2’sini
gegmemesi,

seklinde listelenebilir. [17]

7. Olgunlasmis Kompost icin Yapilan Analizler

Numune alma esaslarina uygun olarak alinan kompostlar
4 mm elekten gecirildikten sonra elekten gegen maddeler
analize alimir. Tamamlanmis kompostun &zelliklerinin
belirlenmesi icin asagidaki yapilan analizlerde ise; kimyasal
ve bitki fizyolojisi yOntemleri, fiziksel ve biyolojik
yontemler kullanilmaktadir. [17]. Kompost &zelliklerinin
belirlenmesi igin yapilan fiziksel ve kimyasal analizler; pH
degerinin saptanmasi, makro besin elementleri tayini, mikro
besin elementleri veya iz elementlerin tayini seklindedir
[17].

7.1. pH Degerinin Saptanmasi

ideal bir kompost igin pH genellikle 7.0 ve > 7.0 arasinda
bulunmaktadir [13].

7.2. Makro Besin Elementleri Tayini

Kompostun uygunlugunun belirlenmesi igin NO, P,0
, K,0 CaCO, , MgCO, gibi makro molekiillerin tayini
yapilmaktadir [13].

7.3. Mikro Besin Elementleri veya iz Elementleri
Tayini

Komposttaki mikro besin elementlerinin belirlenmesi
icin Mn, B, Cu, Zn, v.b. tayini yapilmaktadir. Sanayi
atiklarinin  aritilmasindan elde edilen aritma g¢amurudan
kompostlamada kullanildiginda Cr, Pb, Hg, As gibi agir
metallerinde tayini gerekir [13].

8. Organik Maddelerin Tayini

Kompost iginde tayini yapilan organik maddeler besin
humusu ve devamli (dayanikli) humus olmak iizere ikiye
ayrilir [1].

8.1. Besin Humusu

Besin humusu mikroorganizma igin besin maddesi
ve enerji kaynagi olusturmaktadir. Toprakta mikrobiyal
ayristirmay1 tesvik ederek azot ve fosfor rezervlerinin
olusmasina yardimet olmaktadir [1]..

8.2. Devamh Humus veya Dayaniklh Humus

Devamli (dayanikli) humus biyolojik ayrigmaya karsi
cok dayaniklidir. Devamli (dayanikli) humusun faydalart ise;
topragin su tutma 6zelligini artirmak, topragin tamponlama
kapasitesini artirmak, topragi baglamak ve erozyon olayini
azaltmaktir [1].

9. Kompost Karakteristikleri

Olgunlagsmamis ve olgunlasmis komposta ait 6zellikler
Cizelge 3’de verilmistir [20]. Cizelge 3’de goriildiigi ilizere
olgunlagmamis ve olgunlagmis kompostlarin elementsel
iceriklerinin yani sira mikrobiyal &zellikleri de farklilik
gostermektedir.

Cizelge 3. Olgunlagmamis ve olgunlasmis kompostlarin 6zellikleri

Olgunlasmamis Kompostlar

Olgun Kompostlar

Azot amonyum olarak bulunur.
Kiikiirt kismen siilfit olarak bulunur.
Oksijen gereksinimi fazladir.
Ciirtime tehlikesi vardir.
iz elementleri tespit edilmemistir.
Az miktarda vitamin ve antibiyotikler vardir.
Organik madde ayristiran bakteriler ve mantarlar fazladir.

Genellikle besin humusu vardir.

Su tutma 6zelligi azdur.

Azot nitrat olarak bulunur.
Kiikiirt siilfat olarak bulunur.
Oksijen gereksinimi azdir.
Ciirime tehlikesi yoktur.
iz besin elementi vardur.
Fazla miktarda vitamin ve antibiyotik vardir.
Toprakta konaklayan bakteri ve mantar fazladir.

Genellikle devamli humus vardir.

Su tutma 6zelligi fazladir.

Biyolojik ayrigma diizeyine ve son duruma bagli olarak
kompost 4 sinifa ayrilmaktadir. Bunlar ham, taze, olgun ve
6zel kompost olarak adlandiriimaktadir [19].

9.1. Ham Kompost

Mekanik islemden gegen fakat dezenfeksiyon veya
¢lirimeye ugramayan atiga ham kompost adi verilmektedir
[19].

9.2. Taze Kompost

Ayrisma ve dezenfeksiyonun ilk asamasi sonucu elde
edilen kompost taze kompost olarak adlandirilmaktadir [19].

9.3. Olgun Kompost

Kompostlanmis ve dezenfeksiyona ugramig iiriin ise
olgun kompost olarak tanimlanmaktadir [19].

9.4. Ozel Kompost

Eleme , balistik ayirma veya hava ile siniflandirma,
minerallerin eklenmesi gibi islem gérmiis komposta ise dzel
kompost olarak kabul edilmektedir [19].

10. Kompostlama Katki Maddeleri

Kompostlagtirmada kullanilan katki maddeleri ise
azot giibresi, mikroorganizma preparati, sukire¢ ve
alg preparatidir. Azot Giibresi (Ure); C/N oramindaki
uyumsuzlugu gidermek, mikroorganizma preparati;
prosesin  hemen baglamasi, su; mikroorganizmalarin
kompostlastirmasi, kireg; pH’t ndtral seviyeye g¢ekmek
icin kullanilirken, alg preparati; mikroorganizmalara besin
maddesi olusturmak icin kullanilmaktadir.
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SONUC

Kat1 organik atiklarin kompost olarak degerlendirilmesi
son yillarda glindeme gelmistir. Bu derleme c¢aligmasinda
kompostlastirma yontemleri, kompost olusum asamalari,
ideal bir kompostun sahip olmasi gerek 6zellikler hakkinda
bilgi verilmigstir. Organik atiklarin  kompost olarak
degerlendirilmesi son derece faydali bir islemdir. Kompostun
faydalart ise; zemin bosluk hacmini artirma, zemin
havalandirmasint  kolaylastirma, zor islenen topraklarin
kolay islenmesini saglama, zeminin su tutma kapasitesini
artirma, besin maddelerinin daha iyi kullanilmasim
saglama, topraga bol miktarda bakteri verme, zeminde besin
maddelerinin artigin1 saglama, humus iretimine katkida
bulunma ve erozyonu engellemedir.
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Ozet

Anksiyete ve korku, canlinin tehlike durumlarinda gosterdigi savunma davranisindan kaynaklanan duygusal durumlardir. Anksiyete ve strese
bagli bozukluklar giinliik yasam aktivitelerini ciddi sekilde etkilemektedir. insan ve hayvanlarin duygularmi ifade edis sekillerinde benzerliklerin
gozlemlenmesi, psikiyatrik bozukluklarin memeli hayvanlarda (baslica kemirgenlerde) calisilabilme olasiligmin dogmasina neden olmustur.
Psikopatoloji igin hayvan modelleri, hastalik semptomlarinin homologlarint meydana getiren genetik, ¢evresel veya farmakolojik nedenlerin
analizinde paha bigilmez araglardir. Stres etkilerinin etik ve diger benzer sebeplerle insanlarda calisilamadigi durumlarda hayvan modelleri
yardimeidir. Anksiyete modelleri, anksiyolitik yeni ajanlarin kesfedilmesi ve anksiyete bozukluklarinin altinda yatan mekanizmalarin
arastirilmast i¢in oldukga faydalidir. Calismay1 kurgularken, ¢alismanin amacina hangi modelin ve testlerin uygun oldugunu belirlemek, uygun
hayvanlarin se¢imi, modelin gegerliligi ve giivenilirligi hakkinda bilgi sahibi olmak 6nemlidir. Bu arastirmada yaygin kullanilan deneysel
anksiyete modelleri ve anksiyetenin degerlendirilmesinde kullanilan davranigsal testlerin incelenmesi amaglanmistir. Anksiyete modellerini
konu edinen bilimsel ¢alismalarda kullanilan hayvanlar ¢ogunlukla fareler ve siganlar oldugundan, burada da model ve davranis testleri bu
hayvanlar tizerinden agiklanmisgtir.

Anahtar Kelimeler: Anksiyete modelleri, deney hayvanlari, davranis testleri

Anxiety Studies In Experimental Animals

Abstract

Anxiety and fear are emotional states that arise from the defensive behavior of the organism in dangerous situations. Anxiety and stress related
disorders are psychiatric conditions that seriously affect daily activities. Observation of the similarities in the expression of emotions between
human and animals has led to the possibility that psychiatric disorders can be studied in mammals (mainly rodents). Animal models for ps-
ychopathology are valuable tools in the analysis of genetic, environmental or pharmacological causes that constitute homologues of disease
symptoms. Animal models are useful when stress effects cannot be studied in humans for ethics and other similar reasons. Anxiety models are
very beneficial for the discovery of new agents and the mechanisms underlying anxiety disorders. When planning the study, it is important to
determine which model and tests are suitable for the purpose of the study, to choose the appropriate animals, to know about the validity and
reliability of the model. In this review, it is aimed to investigate the experimental anxiety models and behavioral tests used in the evaluation of
anxiety. Since mice and rats mostly used in anxiety studies, model and behavioral tests are also described here with this animals.

Keywords: Anxiety models, experimental animal, behavioral tests

GIRIS

Anksiyete ve korku, canlinin hayatta kalmas:t veya
fiziksel saglamlig1 i¢in tehlike durumlarinda gosterdikleri
savunma davranisindan kaynaklanan duygusal durumlardir
[1]. Anksiyete yanit1 gercek tehlikelere cevap vermede ve
uyum saglamada 6nemli bir mekanizmadir. Belirli bir olay
ya da nesneye dayali olmayan korku patolojik anksiyete
olarak tamimlanir [2]. En yaygmn anksiyete bozuklugu
alttipleri yaygin anksiyete bozuklugu, panik bozukluklar,
belirli fobiler, sosyal fobi, obsesif-kompulsif bozukluklar ve
travma sonrast stres bozuklugudur [3].

Anksiyete ve strese bagli bozukluklar giinlitk
yasam aktivitelerini ciddi sekilde etkileyen ve halk
sagligma yiiksek maliyetler yansitan onemli psikiyatrik
durumlardir. Insan ve hayvanlarin duygularmi ifade edis
sekillerindeki benzerliklerin g6zlemlenmesi, psikiyatrik
bozukluklarin memeli hayvanlarda (baslica kemirgenlerde)
caligilabilecegini akla getirmistir [4].

Psikopatoloji hayvan modelleri, belirli bozukluklar
olan hastalardaki semptomlarin homologlarini meydana
getiren genetik, cevresel veya farmakolojik sebeplerin

analiz edilmesi i¢in paha bigilmez araclardir [5]. Tehlikenin
kaynagi hayvanlar icin avcilar, yiikseklik, aydinlatma, agri
verici uyari, yeni obje ve yerler, tiirdesler ile karsilagsma
veya yarisma gibi ¢evresel uyari ve durumlar olabilir. Bu
zorluklarla miicadele etmek i¢in hayvanlar genellikle 4
temel savunma stratejisi kullanirlar: kagma, hareketsiz
kalma (immobilizasyon), savunma ataklar1 ve teslimiyet [1].
Stres etkilerinin etik ve diger benzer sebeplerle insanlarda
calisilamadigi durumlarda hayvan modelleri yardimeidir [6].

Deney hayvanlarmimn barmma sekillerinde aydimnlik
derecesi, izolasyon gibi degisiklikler, hareketinde, besin
ve su verilmesinde yapilan kisitlamalar gibi stres olusturan
uygulamalar hayvanlarin emosyonel olarak uyarilmalarina
neden olur. Stres olusturan etmenler hayvanda ilk olarak
anksiyete yanitinin olusmasina neden olur [7].

Anksiyete modelleri, anksiyolitik yeni ajanlarin
kesfedilmesi ve anksiyete bozukluklar1 altinda yatan
mekanizmalarin aragtirilmast  i¢in  olduk¢a faydalidir.
Calismay1  kurgularken, c¢aligmanin amacina hangi
modelin ve testlerin uygun oldugunu belirlemek, uygun
hayvanlarin se¢imi, modelin gecerliligi ve giivenilirligi
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hakkinda bilgi sahibi olmak onemlidir. Bu arastirmada
yaygin kullanilan deneysel anksiyete modelleri ve
anksiyetenin degerlendirilmesinde kullanilan davranissal
testlerin incelenmesi amaglanmistir. Anksiyete modellerini
konu edinen bilimsel ¢aligmalarda kullanilan hayvanlar
cogunlukla fareler ve siganlar oldugundan, burada da model
ve davranis testleri bu hayvanlar iizerinden agiklanmigtir.

Hayvan Davramslari Ve Anksiyete iliskisi

Anksiyete modeli olustururken hayvanlarin temel
davranislarinin  bilinmesi 6nemlidir. Hayvanlarin dogal
ortamlarindaki ve laboratuvar kosullarindaki davranig
Ozellikleri, yasama Kkosullar1 c¢alismanin tasarlanmasi
asamasinda goz 6nilinde bulundurulmalidir.

Kemirgenlerde  anksiyete  benzeri  davranislar
incelenirtken  genellikle  yaklagma-kaginma  davranisi,
dikkat durumu veya savunma davraniglari degerlendirilir.
Yaklagsma-kag¢inma paradigmasi, ¢evresel bir uyarmin tehdit
olarak algilandig1 durumlarda kullanilir ve potansiyel tehlike
olarak goriilen yeni bir nesne ile gecirilen siire, bu nesneye
yaklagsmanin gecikme siiresi anksiyetenin olasi bir gostergesi
olarak kullanilir. Kemirgenler dogal olarak avlanma riskinin
daha az oldugu karanlik ve kapali ortamlar: tercih ederler
[8]. Kaginma diirtlisii hayvanin yeni, agik, parlak 1sikli ya
da yiikseltilmis ortamlardan dogal olarak korkmasi gibi
kosulsuz olugsmus durumlardan dolay1 veya elektrik soku
ile cezalandirma gibi kosullandirilmis nedenlerden dolay1
olabilir [4]. Kag¢mma yaniti hayvanlarda anksiyetenin
gostergesi olarak kullanilir. Bu varsayim, hayvanin tehlikeli
oldugunu diisiindiigii uyaran1 kesfetme diirtiisii ile kaginma
istegi arasindaki ¢atismaya dayalidir [9].

Farkli barinma kosullari, farkli sosyal ortamimn
saglanmasi ile erkek ve disi farelerde hafif sosyal veya
psikolojik stres etmenlerin modelleri olabilirler. Disi
farelerin kisa bir siire i¢in digerlerinden izole edilmesi
hafif bir stres etkeni olabilir ve farelerde depresyon benzeri
etkilere neden olabilmektedir. Erkek fareler ise daha g¢ok
diger erkeklerle ayni yerde barinmaktan etkilenir. Disi
sicanlar kafeslerinde yalniz birakildiklarinda daha fazla
kortikosteron seviyelerine sahipken, erkek sicanlar digerleri
ile ayn1 kafeste bulunduklarinda daha yiiksek kortikosteron
seviyeleri sergilemektedirler [10].

Siganlar teslimiyet¢i postiir ya da atak pozisyonu gibi
davraniglarla hiyerarsi sistemlerini agik¢a ortaya koyarlar.
Ancak farelerde tipik hiyerarsi davranislart yoktur. Bu du-
rum sosyal yenilgi ya da degisken barmnma kosullara da-
yalt hayvan stres modellerinde ilave dnem kazanmaktadir.
Ayrica fare ve siganlar stresle bas etme konusunda farkli-
liklar géstermektedirler. Bazi ¢alismalar, anksiyete benzeri
veya depresyon benzeri davranislari olusturmak igin farelere
siganlara gore daha siddetli stres etmenleri uygulanmasi ge-
rektigini gostermektedir. Tiir farkliliklart davranisi ve fizyo-
lojiyi sekillendirmede ¢ok dnemli bir rol oynayabilir ve bu
nedenle de dikkate almmalidir [11].

Hayvanlarda anksiyete degerlendirmesinde siislenme,
sahlanma, tigmotaksis ve risk 6l¢iim davranislari, mekan-
zamansal parametrelerle birbirini tamamlayan ya da bunlarin
yerine kullanilan davraniglardir [9].

Sahlanma (rearing) kemirgenlerin kesif davranigidir.
Sahlanma davranisinda azalmanin, yiiksek anksiyete veya
korku duygusu sonucu oldugu diisiiniilmektedir. Siislenme
(grooming) davranist  obsesif kompulsif bozuklugu
degerlendirmede faydali olabilir. Siislenme aktivitesinin
diisiik olusu ya da siislenme paterninin bozulmasi yiiksek
anksiyete seviyesinden kaynaklanabilir [12].

Uzamis postiir risk 61¢iim davranisi olarak degerlendirilir.
Potansiyel tehlike ile ilgili bilgi toplama istegi ile birlikte
giivenli alanindan ayrilma isteksizligi ile iliskilidir ve
yaklagsma-kaginma ¢atismasini yansitir [9].

Anksiyete Modelleri Ve Testleri

Cogu kez hayvan modeli ve hayvan modelinin
gecerliligini test eden davranig (semptom) arasindaki
ayrnim net degildir [13, 14]. Model, belli bir derecede
tahmini gegerliligi saglayan, insandaki patoloji durumlarini
yineleyen bir organizma veya bir organizmadaki belirli bir
durum olarak tamimlanir. Test, genetik, farmakolojik veya
cevresel maniplasyonlarin etkilerini degerlendirmek igin
tasarlanan hedef davranigsal veya fizyolojik 6l¢timleri saglar
[15].

Hayvanlarda  go6zlemlenebilen  ve Olgiilebilen
degiskenler, kontrollii laboratuvar kosullar1 altinda
dogal ortamlarindakine benzer sekilde potansiyel olarak
anksiyojenik durumlara maruz kaldiklarinda ortaya
cikan davranigsal ve fizyolojik cevaplardir. Bu deneysel
verileri kaydetmek i¢in kullanilan kurulum ve protokoller
genellikle “testler” olarak adlandirilir ve anksiyete ile ilgili
parametreleri 6lgmeye aracilik ederler. Model daha ayrintili
bir teorik altyapiya sahiptir ve birkag test icerebilir [16].

Anksiyete modelleri olustururken, hayvanin psisik
durumuna etki edecek dokunma, barinma kosullari, soy
farkliliklari, sicaklik gibi modelde kullanilmasi amaglanan
stres faktoriiniin disindaki diger stres etmenleri kontrol
altinda tutulmalidir. Ayrica, sonuglari daha net olarak
yorumlayabilmek icin &grenme, genel lokomotor aktivite
gibi anksiyete semptomlarina iligkin farkli parametrelerin
ayni deney dizayninda incelenmesi faydali olacaktir.

Anksiyete Olgtimleri tek bir test ile de yapilabilir ancak
acik alan (OF= open field) testi, yiikseltilmis art1 testi (EPM=
elevated plus maze) ve aydinlik-karanlik kutu (LDB=
light-dark box) testi gibi bir dizi testi kullanmak daha iyi
olabilir. Bu testler kullanilarak davranigsal fenotiplerin
degerlendirilmesi farkli kosullar altinda gergeklestirilmis
olur. Cesitli testlerin verileri birlestirilerek hayvanlarin
davranis profilleri ile ilgili daha biitin bir tanimlama
yapilabilir [16].

Maternal separasyon, anksiyetenin genel yonlerini or-
taya koyan bir uygulama olarak diisiiniilebilecegi gibi, spe-
sifik bozukluklarin modellemesi olarak da kullanimdadir.
Travma sonrasi stres bozuklugu, tanisal siniflandirmadaki
mevcut durumu ne olursa olsun, anksiyete 6zellikleri tasi-
yan ve anksiyete testlerinde kullanilan uyaranlar tarafindan
uretilen bir klinik durumdur. Kisitlama, su altinda tutma ve
elektrik soku gibi fiziksel stres etmenleri uygulanir. Baz1 ge-
leneksel testlerde, kisitlama veya immobilizasyon stres pro-
sediirleri anksiyete benzeri davranislara yol agabilir. Travma
sonrast stres bozuklugu, hayvana predatore dayali psikolojik
stres uygulayarak da modellenebilir [17].

Kemirgenlerde koku duyusunun onemli olmasindan
yola ¢ikilarak olfaktor bulbusun ¢ikartilmas: (olfaktor
bulbektomi),  psikopatoloji ~ modelleri  olusturmada
kullanilmaktadir. Olfaktér bulbektominin neden oldugu
davranigsal degisiklikler, yeni ortamlarda hiperaktivite,
ajitasyon, anksiyete benzeri, irritabilite, diirtiisel ve agresif
davranislar gibi yanitlardir [18].

Kemirgenlerde anksiyete benzeri davranislart degerlen-
dirmede kullanilan test ve/ veya modeller kosulsuz testler
(etiyolojik temelli) ve kosullu modeller olarak ayrilabilir.
En yaygmn kosulsuz testler OF test, EPM ve LDB testidir.
Bu metotlar yaklagma-kaginma davranisini 6lgme temeline
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dayanir. Ancak, bu testlerin uygulamalari laboratuvarlar ara-
sinda oldukga degiskenlik gostermektedir. Bu yiizden sonug-
larin yorumlanmasi ve karsilastirmasi her zaman kolay ve
dogru sekilde olmaz [19].

Kosulsuz Anksiyete Testleri

Kosulsuz ~ uyart  modelleri  etiyolojik  temelli
paradigmalardir ve hayvanlarin kendiliginden gelisen ve
acik bir sekilde agr1 ve rahatsizlik igermeyen stres uyaranina
kars1 hayvanin dogal reaksiyonlarini igerir [20].

En yaygin kullanilan kosulsuz anksiyete testleri yeni
bir ortami kesfetme ile tehlikeli alanlardaki potansiyel
tehlikeden kagmmma diirtiileri arasinda yasanan catigma
duygusu temeline dayanir. Anksiyete davranmigi kesif
diirtiisiinlin bastirilmasi seklinde kendini gosterir [21].

Acgik Alan Testi (Open Field Test= OF test)

OF testinde hayvan, kagamayacagi sekilde etrafi
duvarlar ile ¢evrili yeni bir ortama yerlestirilir ve
davranislar1 degerlendirilir [22]. Kemirgenler, biiyiik, parlak
1sikla aydinlatilmis, agik ve bilmedikleri yeni bir ¢cevreden
kaginma davraniglari sergilerler [23].

Test aparatinin farkli sekillerde olmasi (yuvarlak, kare
vs.), aydinlatma kosullarindaki gesitlilikler ve aparata tiinel,
platform gibi nesnelerin yerlestirilmesi gibi degisiklikler ile
OF testinde farkli versiyonlar olusturulmustur. Hayvan test
aparatinin ortasina veya duvara yakin bir yere koyularak 2-20
dk. arasinda bir siire boyunca yatay olarak yer degistirmesi,
sahlanma, siislenme (uzun siireli tiiylerini temizleme
davranis) gibi davranigsal parametreleri kaydedilir.
Cogunlukla 5 dakikalik test siiresi tercih edilir [24].
Siganlar, 6zellikle testin ilk evrelerinde tipik olarak aparati
kenar bdlgelerinden baglayarak kesfetmeyi tercih ederler.
Kemirgenlerin sergiledikleri bu davranig tigmotaksis olarak
tanimlanmaktadir [25]. OF testi siklikla hem anksiyete hem
de lokomotor aktivitenin degerlendirilmesinde kullanilir.
Hayvanin test aparatinin merkez bolgesine ilk giris zamani
ve bu merkezi bolgede gegirdigi siire kullanilan anksiyete
parametrelerindendir [8]. Genellikle, merkezde gegirilen
stirenin azalmasi anksiyetenin gostergesi olarak kabul
edilir ve bu varsayim farmakolojik ve genetik ¢aligmalarla
desteklenmistir [12].

OF test aparatina yerlestirilen hayvan kendi ortamindan
farkl1 bir ortamda bulundugu i¢in huzursuz olacak ve etrafi
kesfetme istegi ile lokomotor aktivitesi artacaktir [26].
Hayvani agik alan gibi hi¢ tanimadigi alistigi ortamindan
baska bir ortama koyma orta dereceli stres olusturma
metotlarindan biridir [27]. OF testinde agorafobi, hayvanin
sosyal grubundan ayrilmasi, su ve yiyecek kisitlamasi gibi
faktorler anksiyeteyi tetikleyebilir [28].

Testte defekasyon sayist da  degerlendirilebilir.
Defekasyonun duygu bakimindan veya duygusal reaktivitede
iyi bir indikatér oldugu diistintilmektedir [29].

OF kemirgenleri emosyonel olarak test etmek igin
en klasik metotlardandir. Ancak farkli laboratuvarlarda
testte kullanilan aparatin boyutu, malzemesi, rengi, sekli
gibi ozelliklerinin farkli olusu, testin elestiriler almasina
neden olmaktadir. Kullanilan alanin yeni bir alan olusu ve
caydiriciligr lokomotor ve kesif aktivitelerinin diizenlenmesi
ve tetiklenmesinde temel faktorlerdir [19].

OF testinin tekrarli sekilde yapilmasi hayvanin
alismasina neden olabilir. Testin ilk yapildig1 zaman hayvan
korkuya bagli olarak daha ¢ok uzamis postiir, aparatin kose
ve kenarlarinda hareketler sergilerken, testin tekrar edilmesi
durumlarinda daha fazla kesif davranislar gosterir [30].

OF testi model olusturmadan oOnce ve model
olusturulduktan sonra uygulanabilir. Boylece stres, ila¢ vb.
uygulamalarin 6ncesi ve sonrasindaki, OF testi parametreleri
karsilastirilabilmektedir [31,32, 33].

Katettigi mesafe, hiz, immobil olarak gegirdigi siire,
merkezde gecirdigi siire, duvara yaslanma, sahlanma gibi
davranigsal parametreler manuel olarak dlgiilebilecegi gibi
6zel yazilim programlari ile hesaplanabilir [34].

Yiikseltilmis Arti Testi (Elevated Plus Maze= EPM)

EPM aparat1 birbirine dik ayni lgiilerde (50x10 cm) iki
acik kol ve iki kapali koldan olusmaktadir. Kapali kollarin
yan duvarlari 40 cm yiikseklikte ve iki agik ve kapali kolun
birlestigi yerdeki kii¢iik kare 10 x 10 cm Olgiisiindedir.
Aparat yerden 50 cm yiikseltilmistir. Testte, hayvan aparata
yiizli agik kola bakacak sekilde kollarin birlestigi merkezi
platforma koyulur ve 5 dk. siireyle hayvanlarin agik ve kapali
kollara giris sayilar1 ve burada gecirdigi siireler kaydedilir
[20]. Kemirgenler kendileri igin yabanct olan bir ortamda
tedbirli davranarak kapali kollari tercih ederler. Ancak sadece
anksiyete seviyesi azalmis olanlar agik kollarda aktivitesini
artirir. Bu baglamda aparatin merkez kismi hayvanin hangi
kolu tercih edecegine karar verme bolgesidir [35].

Anksiyolitik bilesikler agik kollara giris ve/veya agik
kollarda gecirilen zaman yiizdesini artirirlar. Bu etkiler
toplam kollara giris sayisinda bir degisiklik olmaksizin
gozlemlenir [36].

EPM’ de hayvanlarin bazal hareketleri, barmma
kosullar1, aydinlatma seviyesi, sirkadiyen ritm degisiklikleri,
onceden uygulanan handling veya stres, teste asinalik
gibi baz1 faktorlerden etkilenir. Ornegin, siganlar1 bireysel
olarak kafeste tutmak anksiyeteyi artirirken, farelerin
kafeste bireysel tutulmasi anksiyeteyi azaltir. Bu durum
tirler arasindaki sosyal organizasyon farkliligindan
kaynaklanmaktadir. EPM’ ye tekrar maruziyet hayvanin agik
kollar1 aragtirma davranisinda kayda deger bir azalmaya yol
acar ve benzodiazepinlerin anksiyolitik etkilerini tamamen
yok edebilir. ilaveten arastirmacimin aym odada bulunmast
da sonuglart etkileyebilir [4].

EPM’ de ortaya ¢ikan davranis profilleri yenilik korkusu,
kesif ve yaklagma-kaginma miicadelesi durumlarindan
kaynaklaniyor gibi goriinmektedir; bu yiizden EPM
cogunlukla bir kosulsuz spontan davranigsal miicadele
modeli olarak da bilinir [20].

Yiikseltilmis 0 Testi (Elevated Zero Maze= EZM)

Yiikseltilmis 0 testi (EZM), karsilikli iki agik ve iki
kapal1 kadrana sahip dairesel yapidir ve EPM’ nin modifiye
bir seklidir [9]. EPM’ de hayvanin alanin orta bdlgesinde
bulunma durumunda olusan yorumlama gii¢liigiinii ortadan
kaldirir. EZM, yerden yiiksek, aydmlik acik ve karanlik
kapali alanlarin birbirini takip ettigi dairesel bir diizenektir.
Hayvanin 5 dk. siiresince agik alana giris yiizdesi ve agik
alanda gecirdigi zaman yiizdesi hesaplanir. Bu modelde
diazepam acgik alanda gegirdigi zaman ylizdesini ve kafa
sokma sikligmt artirir ve kapali alandan agik alana dogru
gergin postiir hareketlerin sikligini azaltir [4].

Yiikseltilmis T Testi (Elevated T Maze= ETM)

ETM aparat1 ayni 6lgiilerde iki agik kol (50 cm*12 cm)
ve bunlara dik, kenarlarinda duvar olan bir kapali koldan (50
cmx12 cm) olusan yerden 50 cm yiikseltilmis bir aparattir. Bu
test ile hayvanda pasif sakinma (inhibitor sakinma) ile aktif
sakinma birlikte dl¢iilebilir. Pasif sakinmada hayvan kapali
kolun en sonuna koyulur ve 30 saniyelik dilimlerden olusan



54 A. Kocve Z. 1. S. Gormus / DERLEME, 11(2): 51-57, 2018

3 deneme boyunca bu koldan hayvanin uzaklasma siiresi
kaydedilir. Hayvan kapali koldan ayrilmaz ise denemeler
en fazla 300 Sn. siirdiiriiliir. 3. denemeden sonra sigan agik
kollardan birinin sonuna koyulur ve buradan kapali kola
kagma zamani kaydedilir. Anksiyolitik bazi ajanlarin doza
bagli olarak pasif sakinmayi bozdugu ancak aktif sakinma
davranisinda degisiklik olusturmadig1 gézlenmistir. Boylece
ETM’ de ayni denekte farmakolojik olarak iki farkli tip
korku olusturulmaktadir [37,38].

Kosullu korku, genel anksiyete bozukluklart ile,
kosulsuz korku, panik bozukluklarla iligkilidir. ETM kosullu
ve kosulsuz korku durumlarmi birbirinden ayirt etmeye
yarayan bir modeldir [38]. Kosulsuz korku, hayvanin agik
kola koyuldugu zaman yiikseklikten ve ag¢ik ortamdan
dogal korkusu neticesi olusur ve bu koldan kapali kola
kagis zamani aktif sakinma olarak degerlendirilir. Hayvan
kapali kola koyuldugunda agik koldan pasif olarak sakinma
ogrenilmis korkunun gostergesidir. Agik kol hayvan igin
caydirict dzelliklere sahiptir, hayvan istemedigi durumdan
kaginmak i¢in hareket etmemeyi 6grenmistir [39].

Aydinlik-Karanhk Kutu Testi (Light-Dark Box Test-
LDB Test)

LDB testi baslangigta fareler kullanilarak gelistirilen
birkag¢ paradigmadan biridir. Test kemirgenlerin parlak 1g1kli
ortamlardan dogal olarak hoslanmama ve yeni bir ortami
kesfetme davraniglari temeline dayanir. Testin Onceden
egitim gibi zaman alic1 bir uygulamay1 gerektirmeden ¢abuk
ve kolay yapilmast testin avantajlarindan biridir [19].

Test aparati, iki esit biiyliklikte aydinlik ve karanlik
boélmelerden olusan dikdortgen kapali bir kutudur.
Aparatin {ist kapak kisimlart hayvani yerlestirebilmek
icin ¢ikarilabilir yapidadir. Testin baslangicinda hayvan
aydinlik bélmeye koyulur ve etrafi kesfetmesine izin verilir
[33]. Testte aydinlik/ karanlik bélmeye toplam gecis sayisi,
aydinlik/ karanlik bélmeye ilk giris siiresi, katettigi mesafe
ve her bir bélmede gegirdigi siire parametreleri 6zel yazilim
programlart ile kaydedilebilir [40]. Test siiresi genellikle
5 ya da 10 dakikadir. LDB testinde hayvanin aydinlik ve
karanlik bolmeleri tercihi analiz edilerek anksiyete benzeri
davranislar iizerine ilaglarm veya diger hasarlarin etkileri
incelenebilir [41]. Karanlik bélmenin tercih edilmesi ve
aydinlik bélmede sahlanma gibi kesif davraniglarinin az
olmasi anksiyete benzeri davraniglar olarak kabul edilir.
Anksiyolitik ilaglarin kullanilmas: ile aydinlik boélmede
gegirilen siire ve kesif davraniglar artar [34].

Delikli Tahta Testi (Hole-Board Test)

Hayvanlar yabanci bir ¢evre veya nesne ile karsilagtigi
zaman kesif¢i bir davranis sergiler ve yeni ¢evrede gezinir,
yenilige dogru yonelir, yeni nesneye dokunur veya koklar.
Kesif, hayvana yiyecek kaynaklari, barinma ve ciftlesme
olanaklart konusunda bilgi saglar. Ancak, hayvan yeni
cevreye girerek veya yeni bir uyariya yonelerek tiirdeslerinin
saldirt ve avlanma riskini ve diger tehlikelerin riskini
artirabilir. Hayvanin yeniligi kesfetmesi veya uzak durmasi
yaklagsma-kaginma miicadelesinin bir sonucu olarak veya
neofilik ve neofobik egilimlerinin arasindaki bir denge
olarak tanimlanir. Neofili yeni bir uyariya merak duygusuyla
yaklasim; neofobi yeni bir uyaridan korkuya bagli kacinma
olarak diisiiniilebilir [42].

1970’ lerde arastirmacilar zemininde hayvanlarin kafasini
sokabilecegi kafa-daldirma (head-dipping) da denilen
deliklerin oldugu etrafi ¢evrili bir alandan olusan delikli
tahta (hole-board) aparatini kullanmaya baslamiglardir.

Kafa daldirma siiresi ve siklig1 hayvanm genel lokomotor
aktivitesinden bagimsiz olarak neofilinin 6l¢iisii olarak farz
edilir. Diisiik sayida kafa daldirma hareketinin hayvanlarda
yiiksek anksiyete durumunu yansittig: farz edilir [42].

Emosyonel Hipofaji (Hiponeofaji)

Kemirgenlerde hiponeofaji ilk kez 1934 Hall tarafindan
bildirilmistir. Hall yeni bir ¢evreye maruz birakilan
hayvanlarda anksiyete benzeri durumlarin artis1 ile
beslenmenin baskilanmasini gostermistir. 1988 de Bodnoff
ve ark yenilikle baskilanmig beslenme (Novelty Suppressed
Feeding- NSF) testini gelistirmislerdir. Bu testte hayvanlar
24 saat a¢ birakildiktan sonra tam ortasinda iizerine 151k
odaklanmis platform iizerinde tek bir pellet yiyecegin oldugu
seffaf bir kafese koyulurlar. Hayvanlarin merkezdeki bu
platforma ulagma siireleri ve platformdaki yiyecegi yemeye
baglama siireleri kaydedilir [4]. Bu testte yedigi yiyecek
miktar1 da degerlendirmeye alinir. Kemirgenlerin dogustan
sahip olduklari yeniliklere kars1 korku duygusu, beslenme
davranisinin  baskilanmasinda etkindir [41]. Hiponeofaji,
diger geleneksel paradigmalara gore lokomotor aktiviteye
bagli olmamasi yoniiyle anksiyete degerlendirmelerinde
avantaj saglar [21].

Sosyal Etkilesim Testi

Sosyal etkilesim testi, hayvanlarin 6nceden egitilmesini
gerektirmez. Fareler ve siganlar gibi bir kemirgen ¢iftinin
serbestce etkilesebilecegi bir alanda sosyal etkilesimde
bulunduklart siire kaydedilir. Her bir kemirgenin etkilesim
stiresi  karsisindaki  diger hayvanin  (partnerinden)
davranisindan dogrudan etkilenir. Bu yiizden verilerin
toplanmasinda eslestirilmis iki hayvanimn verileri bir birim
olarak degerlendirilir. Eger deneysel dizayn, bir siganin
ilag almasmi digerinin kontrol olarak kullanilmasin
gerektiriyorsa, ilki tarafindan baslatilan etkilesim zamani
bagli 6lglim olarak kullanilir. Genel lokomotor aktivitenin
degismedigi ve sosyal etkilesim siiresinin arttigi durumlar
anksiyetede azalma olarak yorumlanir [4].

Sosyal etkilesim testi, sosyal fobi, sosyal yenilgi/
bozulmalar ve emosyonel gelismemislik tedavilerinde
anksiyolitik bilesiklerin ~ degerlendirilmesinde oldukca
faydali bir hayvan modelidir. Testte eslestirilmis birbirine
yabanci sigan ¢ifti her biri farkli zit kosede olacak sekilde
kafese yerlestirilir ve 10 dk. siireyle tiim motor aktiviteleri ve
sosyal etkilesimleri gozlemlenir. Her bir sigan ¢iftinin sosyal
etkilesim siireleri, karsilikli koklama ve siislenme, bitisik
olarak uzanma, birbiri lizerine tirmanma ve partnerinin altina
dogru siiriinme, yaklasma ve izleme siireleri olarak olgiiliir
[20]. Toplam etkilesim sayisi, aktif temaslarin toplam siiresi,
her bir temasin ortalama siiresi ve toplam katettigi mesafe
parametreleri kaydedilir [40].

Fareler i¢in gelistirilmis olan bagka bir sosyal etkilesim
testi, birbiri arasinda kii¢iik gegitlere sahip 3 esit bélmeye
(20 cm x 40 cm x 22 cm) ayrilmis pleksiglas bir aparattan
olusur. Kenardaki bélmelerden birine yabanci bir fare kiigiik
bir kafes i¢inde koyulur. Kafes, burunla temasa izin verecek
sekildedir ancak olast bir kavgay1 onler. Test edilecek fare
ti¢ bolmeli aparatin orta kismina koyulur ve 10 dk. boyunca
sosyal etkilesim aparatin1 kesfetmesine izin verilir. Her bir
bolmede gecirdigi siire, bolmelere giris sayist hesaplanir.
Denegin 10 dk. siiresindeki yabanci fareyi sosyal olarak
tercih etmesi hesaplanir. 10 dakikalik ilk testten sonra,
bdlmeli kutunun diger kenar bolmesine de ikinci bir yabanct
fare daha kafes icinde koyulur. Test yapilan fare, ilk test
doneminde heniiz kesfetmis oldugu fare ile yeni yabanci fare
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arasinda se¢im yapacaktir. Farenin her bir yabanci fare ile
gecirdigi siireler hesaplanir [40].

Predatore Maruziyet Testi

Dogal olarak predatorii (avcisi) olan bir hayvanla karsi-
lasmanin, sicanlarda ve farelerde yiiksek diizeyde korku ve
stres yarattig1, ardindan da uzun siiren davranigsal ve endok-
rin yanitlara neden oldugu gosterilmistir. Predatdr ve idrar
kokusu gibi avciya dair uyaranlar bu nedenle hayvan mo-
dellerinde travma indiiksiyonu i¢in oldukea etkili araglardir
[11].

Predatdre maruziyet testi en ¢ok kullanilan stres etmen-
lerinden biridir. Birtakim ¢aligmalarda predatdriin kendisi-
ne ya da kokusuna kisa bir siire maruziyetin anksiyete ve
depresyon benzeri davranislara yol agtigi bulunmustur [33].
Predator stresi olarak kedi kokusu kullanilabilir, kedinin
kendisi stres etmeni olarak kullanilacaginda ise hayvanin
fiziksel olarak zarar gorecegi temas engellenecek sekilde
diizenek olusturulur [31]. Fareler i¢in predator stresi olarak
sicanlar kullanilabilir. Testin yapilacagi aparata hayvan bir-
kag¢ kez predatoér olmaksizin tek bagina koyularak aligmasi
saglanir. Aparat iginde giivenli olacagi bolge vardir ve bu-
radan tiinel ile test aparatinin diger bdlgelerine gegebilme
imkani bulunmaktadir. Test asamasinda 10 dk. siireyle demir
parmakliklar ile ayrilmis olan sigan da aparatta diger uca
koyulur ve farenin sergiledigi postiiriinii uzatma sayisi, pre-
datériin bulundugu yerdeki demir parmakliklara temas say1-
s1, koklama, saklanma, donma gibi davraniglar1 degerlendi-
rilir. Hayvanin sergiledigi savunma davraniglari anksiyolitik
ilaglara duyarli oldugundan bu test farmakolojik ¢alismalar
i¢in uygundur [34].

Merdiven Testi (Staircase Test)

Testte bes esit dlglide basamaktan olusan (2.5 cm x 10
cm x 7.5 cm) tahta merdiven kullanilir. Merdiven dikddrtgen
seffaf bir kutu igine yerlestirilir [43]. Merdiven testi 6zellikle
farelerde anksiyete modeli olusturmada kullanilir. Bu test
icin her hayvan yalniz bir kere kullanilabilir. Hayvan, kutu
zeminine merdivenin gerisinde olacak sekilde birakilir ve
3 dk. siiresince ¢iktig1 basamak sayisi ve sahlanma sayisi
hesaplanir. Bu deneysel modelde kontrol grubunun ¢iktigi
basamak sayis1 ve sahlanma sayisi ortalamasi 100% olarak
kabul edilir ve islem gérmiis hayvanlarin degerleri kontrol
grubunun yiizdesi olarak ifade edilir [20]. Bu testte basamak
cikma kesif¢i davranisin bir 6lgilisii olarak kabul edilir ve
sahlanma davraniginin sayisi anksiyete benzeri davranislar
olarak degerlendirmeye alinir [3, 44].

Kosullu Anksiyete Testleri

Kosullu anksiyete paradigmalari, hayvanmn nétral
ya da hosnut olmayacagi bir uyarana karsi yanitlarini
degerlendirmektedir. Ag¢lik/ susuzluk durumlart ile ayak
soku gibi ceza alma arasindaki ¢atigma anksiyolitikler ile
giderilir [21].

Geller-Seifter Testi

Kosullu davranislar, pozitif ya da negatif pekistirme
olarak bilinen, hayvanin ¢evresel bir degisiklige kars1 verdigi
dogal yanitlardir. Pozitif pekistirme (6diil), verilen uyarmin
daha sonra bu uyart ile iliskili yanitin olusmasinda artigina
neden olmasi durumunda ortaya ¢ikar. Negatif pekistirme ise
elektrik soku gibi cezalandirma paradigmalarinda goriilldiigi
gibi egitilmis hayvanin hosuna gitmeyen uyaridan kaginma
cevabi sergiledigi zamanlarda goriiliir [4].

Geller Seifter testi egitim asamasinda ¢atigmanin oldugu

ve olmadigi donemler seklinde iki asama vardir. Catigma
asamasinda (ceza ile birlikte 6diil) 3 dk. boyunca hayvan
pedala bastiginda sesli veya gorsel uyari ile birlikte elektrik
soku ve yiyecek birlikte verilir. Catigmanin olmadigi asamada
(cezasiz 6diillendirme) ise 15 dk. siiresince pedala basma ile
elektrik soku verilmeden yiyecek verilir. Hayvanlar bir siire
ac birakildiktan sonra yapilan test, 4 ¢catigma olmayan ve bir
catisma olan evrelerden olusur. Hayvanin pedala basarak
hem elektrik soku hem besin aldig1 cezali yanitlarin sayist
degerlendirilir [45].

Kontrol kosullarinda hayvanlarin cezasiz déneme
oranla pedala basmasinda diigiis goriiliirken, anksiyolitik
ilaglarin kullanildigi durumlarda cezalandirilmis yanitlarin
olusmasinda artig olur. Morfin gibi opioid agonistlerin
uygulanmasi ile bu etki goriilmediginden, bu yanitlarin
olusmasi antinosisepsiyon etkiden kaynakli degildir [4].

Vogel Testi

Vogel testinde hayvanlarda anksiyetenin modellenmesi,
susamis olan hayvanlarin su i¢melerine elektrik soku
eslik ettiginden, hayvanlarin siseye yaklagma davranislari
ile elektrik sokundan korkulart arasinda bir c¢atisma
olusturularak gergeklestirilir [3].

Bu testte hayvanlar 24 saat susuz birakilir ve deney
kafesinde su sigesini bulabilmeleri i¢in basitge egitilirler.
Ertesi giin ayn1 kafese tekrar koyulurlar. Hayvanin su igmek
lizere sisenin agzi ile her 21. temasinda zemindeki diizenek
ile hayvana 0.5 mA kadar hafif bir elektrik soku verilir [4].
Anksiyolitik ilag verilmis olan hayvanlarin cezalandirma ile
birlikte su igme sayilari artar [46].

Anksiyolitiklerin etkilerini incelemek igin gelistirilmis
Vogel testinde motivasyon faktérii olarak susuzluk
kullanilmaktadir. Vogel testinde egitim siiresi Geller-Seifter
testine gore daha kisadir. Vogel testi uygulamasinda ¢ok
cesitli varyasyonlar vardir [17].

Anksiyojenik Ajan Kullanilan Modeller

Pentilentetrazoliin (PTZ) subkonviilsif dozu siganlarda
anksiyojenik bir uyart olarak kullanilir. Yntem, sigcanlarin
PTZ enjeksiyonu yapildiginda yiyecek alabilmek igin
iki pedal arasindan uygun bir pedala basmasi {izerine
egitilmesini gerektirir. Tkinci bir pedala verilen yanitlar da
kaydedilir. Saline enjeksiyonuna karsi PTZ enjeksiyonu
ile hatasiz uygun pedala basabilen siganlar egitilmis olarak
diistiniiliir.  Anksiyolitik ilaglar ile muamele PTZ’ nin bu
ayrict Ozelligini ortadan kaldirir [20]. Besin kisitlamasinin
ardindan 2 giin egitim siiresince hayvanlara herhangi
bir pedala bastiginda yiyecek verilir. Test igin hayvanlar
saline ve PTZ enjeksiyonu yapildiginda iki enjeksiyonda
farkli pedal se¢ilmek kaydiyla iki pedaldan birine basmasi
icin egitilir. Anksiyolitik bir ilag verildiginde PTZ enjekte
edilen hayvan saline enjekte edilen hayvanin bastigi pedala
(sol pedala) basarsa, bu ilacin PTZ etkisini yok ederek
anksiyolitik etki gosterdigi s6ylenebilir. Kisaca bu test PTZ
ayirict etkisi ile saline etkisizliginin birbirini karsilamasi
esasina dayanir [7].

Fare ve siganlarin stres hormonu olan kortikosteronun
ekzojen olarak uygulanmasinin  anksiyete  benzeri
davraniglar1 olusturdugu bildirilmistir. Siganlarda amigdala
i¢ine dogrudan kortikosteron uygulamast EPM’ de anksiyete
benzeri davranislarin gelismesine neden olmustur [47].
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