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Baz1 Sogan (Allium cepa L.) Islah Hatlarina ait Tohumlarin Farkh Tuz
Konsantrasyonlarinda Cimlenme Ozelliklerinin in vitro Kosullarda Belirlenmesi

Zahide Neslihan OZTURK GOKCE Hafsanur ATIK
Mehtap VURAL Ali Fuat GOKCE

Nigde Omer Halisdemir Universitesi, Ayhan Sahenk Tarim Bilimleri ve Teknolojileri Fakiiltesi, Tarimsal Genetik
Miihendisligi Boliimii, 51240, Nigde

Oz

Tuzluluk giiniimiizde tarimsal iiretimde verim kaybima yol agan abiyotik stres etmenlerinden biridir. Tklim
degisikliginin de etkisiyle artan bu zarar1 azaltmanin yollarindan biri de, tuz stresine toleransi yiiksek bitkilerin
segilmesi ve tarima kazandirilmasidir. Tiirkiye’nin hemen her yerinde yetistiriciligi yapilan sogan (Allium cepa
L.) sebzesi ile yapilan tuz stresi ¢alismalar dikkat cekecek 6l¢iide azdir. Bu caligma kapsaminda Dr. Ogr. Uye.
Ali Fuat Gokge tarafindan uzun yillar siiren 1slah ¢alismalar1 kapsaminda gelistirilen 2 adet kisa (K52 ve K58)
ve 4 adet uzun giin (U12, U16, U47 ve U49) sogan 1slah hatt1 kullanilmistir. Islah hatlarina ait tohumlar, farkl
tuz konsantrasyonlarini (0 mM, 50 mM, 100 mM, 150 mM, 200 mM ve 250 mM) igeren besi ortaminda in vitro
kosullarda, tuz konsantrasyonunun ¢imlenme oOzelliklerine olan etkisi degerlendirilmistir. Tuz
konsantrasyonundaki artis tim hatlarda ¢imlenme orani, ortalama ¢imlenme siiresi, ¢imlenme indeksi ve
tolerans oraninin azalmasina yol agmistir. En diisiikk ¢imlenme orani, ortalama ¢imlenme siiresi, ¢imlenme
indeksi ve tolerans oran1 en yiiksek tuz konsantrasyonu olan 250 mM'da gerceklesmistir. Incelenen ¢imlenme
parametreleri agisindan, 250 mM tuz i¢eren besi ortaminda en iyi sonuglarin K58 (kisa giin) ve U16 (uzun giin)
sogan genotiplerine ait tohumlardan elde edildigi ortaya ¢ikmistir. Sonug olarak, bu hatlar tuza toleranslart
yiiksek hatlar olarak tarimsal {iretime dahil edilebilecekleri gibi, tuza toleransi yiiksek ve farkli karakterlere
sahip sogan 1slah hatlarini gelistirme amagli 1slah programlarinda da kullanilabilme potansiyeline sahip oldugu
anlagilmigtir.

Anahtar Kelimeler: Allium cepa L., tuz stresi, in vitro, ¢cimlenme.

Determination of Germination Characteristic of Seeds of Some Onion (Allium cepa L.) Breeding Lines
under in vitro Conditions with Different Salt Concentration

Abstract

Salinity is one of the major abiotic stress factors that cause yield loss in agricultural production. Salinity stress
is becoming more pronounced with the climate change and one of the ways to decrease the yield loss due to
salt stress is to select plants with higher salt stress tolerance for future food security in Turkey, In the literature
data regarding salt stress studies of Allium cepa L. is limited. In this study, 2 short-day (K52 and K58) and 4
long-day (U12, U16, U47 and U49) onion breeding lines developed by Dr. Ali Fuat GOKCE within the scope
of long term breeding studies were investigated in terms of germination characteristic under in vitro conditions
containing varying salt concentrations (0 mM, 50 mM, 100 mM, 150 mM, 200 mM and 250 mM). Results
reported that increase in salt concentration led to a decrease in the germination percentage, mean germination
time, germination index and tolerance ratio in all onion breeding lines. The lowest mean values related with
germination parameters were observed with the 250 mM salt concentration. The best mean values in terms of
germination parameters under in vitro conditions media containing 250 mM salt was determined in the lines
K58 (short day) and U16 (long day). As a result, these lines can be included in agricultural production as onion
genotypes with high salt tolerance, and they have a potential to be included in breeding programs aimed at
developing onion tolerant varieties with high salt tolerance.

Keywords: Allium cepa L., salt stress, in vitro, germination.
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Giris eksikligi bitkilerde stres olarak adlandirilan
durumun ortaya ¢ikmasina neden olmaktadir.
Bitkiler {izerinde negatif etkiye sahip olan stres
faktorleri biyotik ve abiyotik olmak iizere ikiye
ayrilmaktadir.  Mikroorganizmalar, virisler,

Bitkilerin biiyiime ve gelisimini olumsuz yonde
etkileyen bir¢cok cevre faktdrii bulunmaktadir.
Uygun olmayan ¢evre kosullarina adaptasyon
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bocekler, pestisitler ve yabanci otlar biyotik stres
faktorlerinin  basinda gelmektedir. Baslica
abiyotik stres faktorleri ise kuraklik, tuzluluk,
radyasyon, yiiksek ve diisiikk sicakliklar olarak
bilinmektedir (Biiyiik ve ark., 2012).

Abiyotik stresler arasinda yer alan tuz stresi,
topragin  tuzlu oldugu bdlgelerde bitkinin
bliylimesi ve mabhsiil iiretimi i¢in en ciddi
sinirlayict faktorlerden biridir. Diinyada ekili
alanlarin yaklagik %23'i tuzludur (Khan and
Duke, 2001). Topraklar jeo-tarihsel siirecler
nedeniyle ya da insan kaynakli etkilerden dolay1
tuzlu olabilirler. Tarimsal yetistiricilik yapilan
alanlarda toprak tuzlulugu, toprakta yiiksek
oranda ¢Oziinliir tuzlarmm  varhigini  ifade
etmektedir. Tuz stresi olarak karsimiza ¢ikan bu
durum, bitkilerin biiylimesini ve gelismesini
ozmotik ve iyon stresine bagli olarak
engellemektedir (Parida ve Das, 2005).
Coziinebilir tuzlarm yarattigr yiliksek osmotik
basing kokler tarafindan suyun emilimini
sinirlandirmaktadir. Ayrica bitki beslenmesinde
gerekli olan iyonlarin dengeli bir sekilde
emilmesini engelleyerek bitki biiyiime ve
gelismesini yavaglatmakta veya durdurmaktadir
(Tester and Davenport, 2003). Kok rizosferinde
tuz miktarinin artmasiyla birlikte ilk olarak
ozmotik stres olusmaktadir. Olusan bu dissal
ozmotik stres, kullamilabilir su miktarmin da
azalmasma yol acarak bitkilerin fizyolojik
kuraklik ile karsi karsiya kalmasina neden
olmaktadir (Tuteja, 2007). Kullanilabilir su
miktarindaki azalma, hiicre genislemesinin
azalmasi ve siirgiin geligiminin yavaglamasi
seklinde etkisini gostermektedir. Tuzluluk,
bitkiler tizerindeki dogrudan etkisini ozmotik ve
iyon stresi olusturarak gosterirken, dolayli
etkisini (sekonder etki) bu stres faktdrleri sonucu
bitkide meydana gelen morfolojik ve fizyolojik
degisiklikler ve toksik bilesiklerin sentezlenmesi
ve birikmesi ile gdstermektedir. NaCl’nin sebep
oldugu baslica sekonder etkiler DNA, protein,
klorofil ve zar fonksiyonuna zarar veren aktif
oksijen  tiirlerinin  sentezi,  fotosentezin
inhibisyonu, metabolik toksisite ve hiicre dliimii
olarak sayilabilir. (Chaudhry ve ark., 2020). Tuz
stresinin bitkilerde ozmotik ve iyon stresine
neden olarak biiylime ve gelisme lizerine etkisi,
tuzun tiiriine, stresin seviyesine ve siiresine,
strese maruz kalan bitkinin genotipine ve gelisim
asamasina bagli olarak degiskenlik
gostermektedir.

Bitkilerin hayat dongiisii tohumlarin
cimlenmesiyle baslamaktadir (Bradford, 1995).
Tohumlarin ¢cimlenme kabiliyetini ve ¢ikis hizim
etkileyen bircok cevresel faktor bulunmaktadir
(Ashraf ve Foolad, 2005). Bu faktorler nedeniyle
cimlenme ve ¢ikis oraninda meydana gelen
azalmalar Dbitkilerde verim kaybt olarak
karsimiza ¢tkmaktadir. Tohumlarin
cimlenmesini, buna bagli olarak bitkilerin
bliyime ve gelisme donemlerini olumsuz
etkileyen ve verim kaybina neden olan en 6nemli
cevresel etmenlerden birisi tuzluluk stresidir
(Hasanuzzaman ve ark., 2013; Seleiman ve ark.,
2021). Tuzlulugun birgok kiiltiir bitkisinde
cimlenme donemini olumsuz yonde etkiledigi
bilinmektedir (Ahmad ve ark., 2013). Cimlenme,
tohum kabugundan suyun absorbe edilip,
enzimatik  reaksiyonlarin  baslamas1  ile
gerceklesmektedir. Fakat ekim yapilan alanlarda
tuzun varligl tohum tarafindan suyun emilimini
zorlagtirmaktadir (Othman, 2005). Su emiliminde
meydana gelen azalmaya bagli olarak osmotik
basing azalmakta, tohum etrafindaki Na ve Cl
iyonlarimin ~ yogunlugunun  artmasi  iyon
toksisitesine neden olmaktadir. Iyon toksisitesi,
biokimyasal reaksiyonlarda bozunmalara neden
oldugundan  dolayr  ¢imlenme  olumsuz
etkilenmektedir (Al-Mutawa ve ark., 2003;
Mahmood ve ark., 2010). Toprakta tuz
yogunlugunun artist ¢imlenmede gecikme,
¢imlenme oraninda azalma hatta ¢imlenmeyi
tamamen engelleyen etkiye sahiptir. Yapilan
arastirmalar, artan tuz konsantrasyonlarinin arpa,
bugday (Bagwasi ve ark., 2020), misir (Hassan ve
ark., 2018) ve celtik (Farooq ve ark., 2021) gibi
kiiltiir ¢esitlerinde ¢imlenmeyi azalattigi ortaya
koymaktadir.  Gilinlimiizde  kiiresel  iklim
degisikligine bagli olarak meydana gelen
tuzluluk stresinin etkilerini en aza indirmek,
tarimsal iiretimin gelecegi agisindan {izerinde
durulmast gereken konulardan birisi haline
gelmistir.  Bu nedenle bitkisel tretimin
devamliligini saglamak i¢in tuza tolerans1 yiiksek
olan bitki genotiplerinin segilerek tarima
kazandirilmasi 6nem kazanmaktadir.

Sogan (Allium cepa L.) insan beslenmesinde aktif
rol oynayan ve diinya genelinde {iretimi yapilan
o6nemli bir sebzedir. Taze, kuru, dondurulmus,
toz baharat olmak tizere dort farkli sekilde
tiiketilen sogan, ayrica diinya ekonomisinde de
onemli bir yere sahiptir. Diinya kuru sogan
iretiminde Cin ve Hindistan baslica iilkeler olup,
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ardindan ABD, Iran, Misir, Rusya ve Tiirkiye
gelmektedir (Anonim, 2020). Sogan bahge
bitkilerinde en yaygin olarak yetistirilen
bitkilerden birisidir. Birinci yil bas baglama,
ikinci y1l tohum olusturan 2 yillik bir bitkidir.
Cimlenme i¢in yeterli nem ve 10-15 °C,
olgunlagma igin 10-25 °C, bas olgunlagmas1 ve
yapraklarin kurumasi igin ise 25-30 °C gereklidir.
Bas baglamak i¢in gerekli faktdrlerden birisi de
giin uzunlugudur; bas sogan olusturma yoniinden
soganlar yetistikleri giin uzunluklarina gore kisa
giin, orta giin ve uzun giin olmak iizere 3 gruba
ayrilirlar. Bag baglamak i¢in kisa giin cesitleri 12
saatin altinda, orta giin 12-14 saat ve uzun giin
cesitler ise 14 saatin iizerinde giin uzunluguna
ihtiya¢ duyarlar. Tiirkiye sartlarinda kisa giin
soganlar sonbaharda fazla soguk olmayan
bolgelerde, orta giinler ilkbahar aylarinda kiglari
soguk olan yerlerde, uzun giin cesitler ise kuzey
bolgelerde ilkbahar aylarinda ekilmektedir.

Onemli bir sebze olmasina ve ¢imlenme ve bas
baglama asamasinda tuza hassas oldugu
bilinmesine ragmen, sogan bitkisinin tuz stresine
tepkisinin  arastirlldigi  az sayida ¢alisma
mevcuttur. Calismalarin  biiyilk  ¢ogunlugu
toprakta ve sera kosullarinda gergeklestirilmis ve
temel olarak farkli sogan genotiplerinin bag
baglama asamasinda tuza tepkileri
degerlendirilmistir (Yadav ve ark., 1998; Sta-
Baba ve ark., 2010; Hanci1 ve Cebeci, 2015; Hanc1
ve Cebeci, 2018; Chaudhry ve ark., 2020). Ancak
sera kosullarinda tuza toleransi olan bitkilerin
secimi oldukca giictiir ve sogan bitkisinin
¢imlenme  asamasinda tuza  hassasiyeti
bulunmaktadir. Literatiirde ise sogan bitkisinin
tuzlu ortamda ¢imlenme giiclerinin arastirildigi
sadece iki yayin bulunmaktadir (Jashi ve Sawant,
2012; Singh ve Gopal, 2019).Tuz stresine bagh
verim kayiplarmin siklikla goriilmeye baslandigi
giinimiizde, iilkemizdeki 1slah calismalar
kapsaminda gelistirilen sogan genotiplerinden,
tuza toleransi yiiksek olanlarin se¢imi ve tarima
kazandirilmasi gerekliligi ortaya ¢ikmaktadir. Bu
calisma kapsaminda Dr. Ogr. Uye. Ali Fuat
Gokee tarafindan uzun yillar siiren 1slah
calismalar1 kapsaminda gelistirilen 2 kisa ve 4
uzun giin sogan genotiplerine ait tohumlarin
farkli tuz konsantrasyonlarin1 igeren besin
ortamlarinda ¢imlendirilerek, hem tuz toleransi
yiiksek hatlarin tespit edilmesi, hem de in vitro
kosullarda tuza toleransi yiiksek sogan
genotiplerinin se¢iminde kullanilabilecek en

uygun tuz belirlenmesi

amagclanmustir.

konsantrasyonunun

Materyal ve Metot

Calismada bitki materyali olarak Dr. Ogr. Uye.
Ali Fuat Gokee tarafindan uzun yillardir
yiiriitiilen sogan 1slah galigmalar ile gelistirilen
ve TUBITAK-KAMAG 117G023 “Kislik Sebze
Yetistiriciliginde Hat ve/veya Cesit Gelistirme”
baslikli proje kapsaminda yer alan sar1 kabuk
renkli 2 adet kisa (K52 ve K58) ve 4 adet uzun
giin (U12, Ul6, U47 ve U49) sogan 1slah hatti
kullanilmustir.

Deneyler, Nigde Omer Halisdemir Universitesi,
Ayhan Sahenk Tarim Bilimleri ve Teknolojileri
Fakiiltesi, Tarimsal Genetik Miihendisligi doku
kiiltiiri  laboratuvarinda  gergeklestirilmistir.
Hatlara ait tohumlarda mantar ve bakteri
kontaminasyonunu engellemek icin farkh
konsantrasyonlarda ve farkli siirelerde 6n
sterilizasyon asamasina tabi tutulmuslardir.
Tohumlarin %3’ lik sodyum hipoklorit ¢ozeltisi
igerisinde 25 dakika muamele edilmesi
sterlizasyon icin en uygun prosediir olarak
belirlenmistir. Sterilizasyon asamasindan sonra
tohumlar steril saf su ile 3 kez durulanmustir.
Calismada 6 farkli NaCl konsantrasyonu (0 mM,
50 mM, 100 mM, 150 mM, 200 mM, 250 mM)
kullanilmistir. Cimlendirme islemi igerisinde 2,2
gr/L MS ortam1 ve 6 farkli NaCl konsantrasyonu
(0 mM, 50 mM, 100 mM, 150 mM, 200 mM, 250
mM) igeren besi ortami hazirlanmustir. Artan tuz
konsantrasyonlarina ~ bagh olarak  besi
ortamindaki agar miktar1 da orantili bi¢imde
arttirtlmistir. Hazirlanan ortamlarm pH degerleri
5,8 olarak sabitlenmistir. Besi ortamlari
otoklavlandiktan sonra steril petri kaplarina (9
cm) esit olacak sekilde paylastirilmig ardindan 30
dakika UV 1sik altinda bekletilmistir. Deneme,
her 2 petri kab1 bir tekerriire tekabiil edecek
sekilde her bir NaCl konsantrasyonu igin 3
tekerrlirlii ve her tekerriirde 50 tohum olacak
sekilde tesadiif parsellerinde faktoriyel deneme
desenine  gore  kurulmustur. Farkli  tuz
konsantrasyonlarini igeren besi ortamina steril
kosullarda ekimleri yapilan tohumlar, 20 + 2 °C
ve 1giklanma siiresi 16/8 saat (giindiiz/gece)
olarak ayarlanmig kontrollii biiyiime kabinlerinde
¢imlenmeye birakilmigtir. Cimlenen tohumlar iki
giin araliklarla 14 giin boyunca sayilmstir. En az
1 cm boyunda yaprak olusturan tohumlar
¢imlenmis olarak kabul edilmistir. On dordiincii
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giinde ¢imlenen tohumlar sayilmis ve ¢imlenme
oran1 (%) ISTA (1996) kurallarina gore
belirlenmistir. Ayrica sogan genotiplerine ait
tohumlarin  farkli tuz konsantrasyonlarinda
cimlenme hizin1 belirlemek amaciyla ortalama
¢imlenme siiresi Elis ve Roberts (1980)’e ve
cimlenme indeksi AOSA (Association of Official
Seed Analysis, 1983)’¢ gore hesaplanmigtir.
Calisma kapsaminda kullanilan sogan 1slah
hatlarina ait tohumlarin farkl tuz
konsantrasyonlarina gostermis olduklari
toleransin karsilastirilmasi amaciyla, Chandler
ve ark. (1986) tarafindan gelistirilmis olan
“Tolerans Oran1”  kullanilmistir.  Calisma
kapsaminda belirlenen ¢imlenme parametrelerine
ait formiiller asagida belirtilmistir.
Cimlenme orant = (Cimlenen
say1st/Toplam tohum say1s1)*100
Ortalama ¢imlenme siiresi = X(n.D)/ Zn
n:D giiniinde ¢imlenen tohum sayisi,

D: ¢imlenme giin sayist,

2n: toplam ¢imlenen tohum sayist
Cimlenme indeksi = (Cimlenen tohum sayisi/
Birinci sayim giinii)+...+ (Cimlenen tohum
sayis1/ Son sayim giinii)

tohum

Tolerans oran1: Islem gérmiis tohumlarda toplam
cimlenen tohum sayisi/Kontrol grubunda toplam
cimlenen tohum sayisi.

Cimlenme testi sonucunda elde edilen verilerin
varyans analizi yapilmis ve ortalamalar
arasindaki farklilikar LSD testi (P<0,05) (Steel el
al. 1997) ile Statistical Package Statistix 8.1
(Tallahassee Florida, USA) programi
kullanilarak degerlendirilmistir.

Bulgular ve Tartisma

Denemede kullanilan sogan 1slah hatlarina ait
tohumlarin farkli tuz konsantrasyonlarini igeren
besi ortamindaki ¢imlenme fotograflarina
gosteren ornekler Sekil 1°de verilmistir. On dort
giin boyunca devam eden gozlemler sonucunda
elde edilen verilere gore ¢imlenme orani,
ortalama ¢imlenme siiresi, ¢cimlenme indeksi ve
tolerans oranina ait varyans analiz sonuglari
Tablo 1’de verilmistir. Arastirmada incelenen
¢imlenme parametreleri agisindan 1slah hatti
(IH), tuz konsantrasyonu, islah hatti (IH)xtuz
konsantrasyonu (TK) interaksiyonu istatistiksel
olarak 6nemli bulunmustur.

Tablo 1. Farkli tuz konsantrasyonlarinin sogan 1slah hatlarina ait tohumlarin ¢imlenme orani, ortalama
¢imlenme siiresi, ¢cimlenme indeksi ve tolerans oranina iligkin varyans analizi

Kareler Ortalamasi

Comak Sl Ciplenme G Clmienme Tokrans
Siiresi

Tekerriir 2 72.26* 0.0670* 0.00122* 0.00583*
Tuz Konsantrasyonu (TK) 5 7431.44* 17.4883* 0.36750* 2.06743*
Islah Hatt1 (1H) 5 1200.50* 6.2086* 0.08617* 0.11610*
IHXTK 25 121.50* 0.8305* 0.00579* 0.01294*
Hata 70 74.89* 0.4113* 0.00134* 0.00862*
Toplam 107

* p<0,05 diizeyinde 6nemli.
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K52
0mM

u16

0mM 50 mM 100 mM

K58

0mM 50 mM 100 mM

u47

0mM 50 mM

vz
0mM

200 mM

Uzun giin ve kisa giin sogan 1slah hatlarinda 0
mM uygulamasinda diger tuz
konsantrasyonlarina gore daha yiiksek ¢imlenme
orani belirlenmistir. 0 mM uygulamasinda en
yiksek ¢imlenme oram1 % 98,6 ile K58
genotipinde elde edilir iken en diisiik ¢imlenme
orani % 88 ile U12 1slah hattinda tespit edilmistir
(Tablo 1). Cimlenme oranlarina iliskin elde
edilen sonuglar incelendiginde, islah hatlarinin
tuz konsantrasyonlarma olan tepkisinin farklilik
gosterdigi ortaya cikmistir. Beklenildigi gibi
calismada kullanilan sogan 1slah hatlara ait
tohumlarin  farkli tuz konsantrasyonlarinda
cimlenme oranlar1 farkli olmus ve tuz
konsantrasyonundaki artis ¢imlenme oraninda
diisiise neden olmustur. Sogan 1slah hatlarina ait
tohumlarda en diisiik ¢imlenme orani 250 mM
tuz igeren besin ortaminda gerceklesmistir.

U49

0mM 50 mM 100 mM

Sekil 1. Sogan 1slah hatlarina ait tohumlarin farkli tuz konsantrasyonlarim igen besi ortaminda
cimlendirilmesi

Ayrica K58 ve U16 1slah hatlarinda50 mM ve
100 mM tuz iceren besin ortamindaki ¢imlenme
oran1 0 mM uygulamasi ile benzer sonuglar elde
edilmistir. Singh ve Gopal (2019) yaptiklart
calismada benzer sonug elde etmisler ve artan tuz
konsantrasyonunun ¢imlenme oranint
diisiirdiigiinii rapor etmislerdir. Turhan ve Seniz
(2010) yapmis olduklar1 calismada artan tuz

konsantrasyonlarinin  domates genotiplerinde
cimlenmeyi azalttifim1i  ve bu azalmanin
genotiplere ~ gore degisim  gosterdigini

bildirmislerdir. Turhan ve ark. (2011), 250 mM
tuz konsantrasyonunun ispanak genotiplerinde
¢imlenme oranini onemli derecede azalttigini, 50
ve 100 mM tuz konsantrasyonunun kontrol grubu
ile  benzer sonuglarim  verdigini  ortaya
koymuslardir. Bu arastirma neticesinde elde
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Tablo 2. Farkli tuz konsantrasyonlarinda ¢imlendirilen sogan 1slah hatlarina ait tohumlarin ¢imlenme

oranlarina (%) iliskin ortalama degerler

Tuz Konsantrasyonu (mM)

Islah

Hatt1 0 50 100 150 200 250
Cimlenme Oram (%)
U49  98+l1,41ab 77,33+ 1,75¢f  73,33£3,65gh  40,00£2,45mn  67,33+4,12hi 30,00+2,00
u47  95,33+1,52ab 84+2,45bcd 82+4,18def 60,66+3,69jkl  74,66+£2,75fgh  36,66+4,23n0
Ul2  88+2,0abc 73,3£2,84ghi  66,6+2,65ijk 57,33+1,75kl 56,662,044kl  27,33+1,520
Ul6  93,3+1,52abc 90,66+£2,15abc  90+£2,45abc 81,33+2,84cde  81,33+2,24cde  53,33+2,24klm
K52  98+1,86ab 94+1,86abc 83,3£2,04cde  50,66£2,47Imn 66,66+2,15ijk  40+2,63mno
K58 98,6+1,52a 97,3+1,75abc  86,66+4,44abc  62+3,89jkl 84,66+2,54abc  48,66+3,07Imn

+. Standart Hata, Farkli harf ile gosterilen degerler arasinda istatistiksel olarak farklilik bulunmaktadir

(p<0,05).

Sogan 1slah hatlarina ait tohumlarin farkli tuz
konsantrasyonlarinin  ¢imlenme hizina olan
etkisini belirlemek amaciyla elde edilen ortalama

1slahhattinda 4,32 giin olarak belirlenmistir.
Ayrica ortalama ¢imlenme siiresi agisindan 1slah
hatlar1 arasinda meydana gelen farklilik 1slah

c¢imlenme siiresine ait veriler Tablo 3’de hatlarinin farkli tuz konsantrasyonlarinda farkl
verilmistir. Tuzluluk ¢imlenmenin gecikmesine ¢imlenme yetenegine sahip olduklarini ortaya
ve buna bagli olarak ortalama ¢imlenme siiresinin koymustur. Singh ve Gopal (2019), tuz
artmasima neden olmustur. En yiliksek ortalama konsantrasyonlarindaki artigin sogan

¢imlenme  siresi ise 250 mM @ tuz
konsantrasyonunda ¢imlendirilen U49, U47, K52
ve K48 sogan 1slah hatlarindan elde edilmistir.
250 mM tuz Kkonsatrasyonunda en yiiksek
cimlenme siiresi U49 1slah hattinda 9,06 giin
olarak tespit edilmistir. Sogan 1slah hatlarina ait
tohumlar 0 mM uygulamasinda en kisa ortalama
¢imlenme siiresine ulasmustirlar. 0 mM
uygulamasinda ise en kisa ¢imlenme siiresi K58

tohumlarinin ¢imlenmesini ortalama 0,46 ila 4,32
giin arasinda uzamasina neden oldugunu tespit
etmis ve benzer sonuglar mevcut calisma
neticesinde de elde edilmistir. Mevcut ¢aligma ile
benzer bulgular Turhan ve ark. (2011)’ nin farkl
tuz  konsantrasyonlarmin ~ bazi  1spanak
gesitlerinde  ortalama  ¢imlenme  siiresini
arttirdigini belirtmiglerdir.

Tablo 3. Farkli tuz konsantrasyonlarinda ¢imlendirilen sogan islah hatlarina ait tohumlarin ortalama
cimlenme siirelerine (giin) iliskin ortalama degerler
Tuz Konsantrasyonu (mM)

II-;L?E 0 50 100 150 200 250
Ortalama Cimlenme Siiresi (Giin)

U49  52540,6mn 8,39+0,6abc 7,56+0,1bcd  7,88+0,7bcd  7,67+£0,9bcd 9,06+1,0a
U47  6,35+0,6jkl  8,16+0,9abc  6,45+1,0ijk  6,40+1ijk 6,35+1,3jkl  7,36+0,8cde
uil2 5,1740,4mn  7,99+£0,6bcd 6,17£1,0klm  6,81+0,8fgh  7,44+0,8bcd 7,96+0, bcd
Ule  4,53£0,5n  6,50+0,8ijk  6,07+0,5klm  5,78+0,5lm 5,84+£0,8 Im  6,51%0,51jk
K52  4,62+0,6n  7,57£0,7bcd 7,67+0,8bcd  6,73+£0,9 ghi  7,83+0,5bcd 8,42+0,9ab
K58  432+0,5n  6,94+04efg  6,62+0,5hij  6,74+0, ghi 7,3340,3def  7,67+0,5bcd

+. Standart Hata, Farkli harf ile gosterilen degerler arasinda istatistiksel olarak farklilik bulunmaktadir

(p<0,05).

Tohum ¢imlendirme testlerinde belirlenmesi
gereken 6nemli parametrelerden birisi ¢cimlenme

indeksidir. Cimlenme indeksi, ¢imlenmenin
uniform olup olmadigimi gosteren bir kriterdir.
Bu calisma  kapsaminda, farkli  tuz

konsantrasyonlarinda ¢imlendirilen sogan 1slah

hatlarina ait tohumlarin ortalama ¢imlenme
indekslerine iliskin ortalama degerler Tablo 4’de
verilmistir. En diisiik ¢imlenme indeksi 250 mM
tuz konsatrasyonunda tespit edilmis olup 0,11
ortalama degeri ile U49 ve U12 1slah hatlarinda
gbzlemlenmistir. En yliksek ¢imlenme indeks
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degerleri ise biitlin 1slah hatlarmm 0 mM

uygulamasindan elde edilmistir. Artan tuz
konsantrasyonlarinin sogan 1slah hatlarinda
¢imlenmede azalmaya ve ¢imlenme

diizensizliklerine neden oldugu ¢imlenme indeks
verileri neticesinde ortaya konmustur. Turhan ve
ark. (2011)’1 tuz konsantrasyonlarindaki artigin

1spanak cesitlerinde ¢imlenme indeksini olumsuz
yonde etkiledigini belirterek bu durumun
uniform olmayan c¢imlenmeye yol ag¢tigini
bildirmislerdir. Chakma ve ark. (2019)’1 domates
cesitlerinde ¢imlenme indeksindeki azalmanin
artan tuz konsantrasyonlarinin neden oldugunu
belirtmislerdir.

Tablo 4. Farkli tuz konsantrasyonlarinda ¢imlendirilen sogan 1slah hatlarina ait tohumlarin ¢imlenme

indekslerine iligkin ortalama degerler

Tuz Konsantrasyonu (mM)

II;:‘?E 0 50 100 150 200 250
Cimlenme Indeksi

Uu49  0,61+0,16b 0,30+0,14lm  0,33+0,13jkl  0,17+0,11no  0,294+0,31Im  0,11+0,040
ua7  0,52+0,13cde 0,38+0,18ij 0,43+0,21ghi  0,32+0,19klm 0,3140,19Im  0,18+0,30n
U2  0,54+0,17cd 0,31£0,13lm  0,32+0,03kl  0,29+0,11lm  0,26£0,18m  0,11=0,100
Ul 0,63+0,11ab  0,48+0,23def 0,54+0,07c 0,47+0,19¢fg  0,45+0,14fgh 0,28+0,19Im
K52  0,65+0,13ab  0,43+0,13hi 0,37+0,24ijk  0,26+0,24m 0,29+£0,11lm  0,16+0,22n0
K58 0,68+0,06a 0,49+0,11cde  0,50+0,07cde 0,31+0,26klm 0,39+0,181 0,19+0,15n

+. Standart Hata, Farkli harf ile gosterilen degerler arasinda istatistiksel olarak farklilik bulunmaktadir

(p<0,05).

Farkli tuz konsantrasyonlarinda ¢imlendirilen
sogan 1slah hatlarma ait tohumlarin tolerans
oranlarina iliskin ortalama degerler Tablo 5°te
verilmistir. Sogan genotiplerinin tuz toleransina
olan tepkilerinin farklilik gosterdigi elde edilen
veriler neticesinde ortaya ¢ikmistir. U49 ve U47
1slah hatlarinda en yiiksek tolerans oran1 50 mM
ve 100 mM tuz konsantrasyonlarinda elde edilir
iken en diisik 250 mM tuz konsantrasyonunda
tespit edilmistir. U12 ve K52 hatlarinda ise en
yiiksek tolerans orant 50 mM goriilmiis olup,

artan tuz konsantrasyonlarinin tolerans oraninda
azalmaya neden oldugu belirlenmistir. U16 1slah
hattinda 50 mM, 100 mM, 150 mM ve 200 mM
tuz konsatrasyonlarindan elde edilen tolarans
oranlar1 benzer sonuglar gdstermistir fakat 250
mM tuz konsantrasyonunda tolerans oraninda
azalma oldugu ortaya cikmustir. K58 1slah
hattinda tolerans oranina iligkin en yiiksek deger
50 mM tuz konsantrasyonunda, en diisiik deger
ise 250 mM tuz konsantrasyonundan elde
edilmistir.

Tablo 5. Farkli tuz konsantrasyonlarinda ¢imlendirilen sogan islah hatlarina ait tohumlarin tolerans

oranlarina iligkin ortalama degerler

Tuz Konsantrasyonu (mM)

Islah 0 50 100 150 200 250
Hatti

Tolerans Oram
u4gg  --- 0,78+£0,21cde  0,74+0,35cde 0,40+0,24kl 0,58+0,41efg  0,30+0,2 1
u47 --- 0,88+0,21abc 0,86+0,45abc  0,6340,39fgh 0,78+0,27cde 0,38+0,44kl
ul2 --- 0,83+0,35bcd  0,75+0,26cde  0,65+0,20cde 0,64+0,22efg  0,31+0,171
uie  --- 0,97+0,25ab 1,00+0,29a 0,87+0,32abc  0,87+0,27abc  0,57+0,21hij
K52  --- 0,96+0,07ab 0,85+£0,04bc  0,51£0,05ijk 0,68+0,07efg  0,40+0,06kl
K58 --- 0,98+0,23ab 0,87+0,43abc  0,624+0,39ghi 0,85+0,29abc  0,49+0,31jk
+. Standart Hata, Farkli harf ile gosterilen degerler arasinda istatistiksel olarak farklilik bulunmaktadir
(p<0,05).
Sonug¢ diizensiz yagislar ve yanlis sulama stratejileri,
Tuzluluk, tarimsal iiretkenligi ve topraktaki tuz oranini giin gegtikce arttirmakta ve

sirdiirtlebilirligi kisitlayan baslica gevresel stres
kaynaklarindan biridir. Kiiresel 1sinma ile birlikte
gerceklesen  iklim  degisikliginin = getirdigi

tuza tolerans1 yiiksek bitkilerin tespit edilerek
tarima kazandirilmasi gerekliligini
vurgulamaktadir. Bu ¢alisma kapsaminda farkli
tuz konsantrasyonlar1 (0 mM, 50 mM, 100 mM,
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150 mM, 200 mM ve 250 mM) iceren besi
ortaminda ¢imlenme  Ozellikleri  agisindan
karsilastirma amaciyla 6 adet sogan 1slah hatti
kullanilmustir. Yapilan karsilastirmalar
sonucunda, 250 mM tuz konsantrasyonunun, besi
ortaminda tuza tolerans seviyelerinin tespit
edilmesi a¢isindan en uygun tuz konsantrasyonu
oldugu tespit edilmistir. Ayrica, kullanilan 6
hattan 4’liniin tuza tolerans ag¢isindan benzer
seviyede oldugu ve 250 mM tuz konsantrasyonu
iceren besi ortaminin ¢imlenme orani, ortalama
c¢imlenme siiresi, ¢cimlenme indeksi ve tolerans
orani agisindan K58 (kisa giin) ve U16 (uzun
giin) sogan 1slah hatlarinin ilerleyen ¢aligmalarda
kullanilabilme potansiyelleri oldugu tespit
edilmistir.
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Effects of Gamma Irradiation on Seed Germination in Watermelon (Citrullus lanatus

(Thunb.) Matsum & Nakai) and Determination of Effective Mutation Dose

K. Yaprak KANTOGLU
Turkish Energy Nuclear and Mineral Research Agency, Nuclear Energy Research Institute - Ankara, Tiirkiye

Abstract

This research was conducted to determine the “Effective Mutation Dose” (EMDso) for the mutation breeding
study planned to be carried out on the Yalincak watermelon genotype grown locally in the Eastern Black Sea
Region. For this purpose, watermelon seeds were irradiated with a %°Co source at doses of 0, 150, 250, and 350
Gy. The EMDso value was calculated by linear regression analysis by examining the effects of different
irradiation doses on germination, root and shoot development of seeds irradiated for each dose on the 10" and
30t days following seed sowing. As a result of the application, 278 Gy was determined as the EMDso, while a
150 Gy application stimulated germination in the first ten days following irradiation compared to control and
other doses. In addition, it has been noticed that 350 Gy irradiation had a negative effect on seed germination,
with a germination rate of 46%. It was determined that the doses between 250-305 Gy would provide a wide
variation in the mutation breeding studies to be carried out on the Yalincak genotype, considering the 10%
lower and upper limits of the EMDso.

Keywords: Citrullus lanatus (Thunb.) Matsum & Nakai, gamma rays, radiosensitivity, Yalincak.

Gama Isinlamasimin Karpuzda (Citrullus lanatus (Thunb.) Matsum & Nakai) Tohum Cimlenmesine
Etkileri ve Etkili Mutasyon Dozunun Belirlenmesi

Oz

Bu c¢alisma, Dogu Karadeniz Boélgesinde lokal olarak yetistiriciligi yapilan Yalincak karpuzunda (koy
populasyonu) yiiriitiilmesi planlanan mutasyon 1slahi ¢alismasi igin “Etkili Mutasyon Dozu” (EMDso)’nun
belirlenmesi amaci ile yiiriitiilmiistiir. Bu amagla, karpuz tohumlar1 Co®® kaynag ile 0, 150, 250 ve 350 Gy
dozlarinda 1gmlanmigtir. Tohum ekimini takip eden 10. ve 30. giinde, her doz i¢in 151nlanan tohum ve bunlardan
gelisen fidelerde farkli 151n dozlarinin ¢imlenme, kok ve siirglin gelisimleri tizerine olan etkileri incelenerek,
EMDso degeri lineer regresyon analiziyle hesaplanmistir. Buna gore yapilan uygulama sonucunda 278 Gy
EMDso olarak belirlenirken, 150 Gy’lik uygulamanin kontrol ve diger 1sinlama dozlarina gére 1sinlamay1 takip
eden ilk on giinliik siirede ¢imlenmeyi uyardig1 ancak 350 Gy’lik uygulamanin tohum ¢imlenmesi iizerinde
olumsuz etkisi oldugu %46’lik ¢imlenme orani ile ortaya konmustur. Yalincak genotipinde yiiriitiilecek
mutasyon 1slahi ¢aligmalarinda EMDso’nin %10 alt ve iist sinirlar1 géz 6niine alinarak 250-305 Gy arasindaki
uygulamalarin genis bir varyasyon olusumunu saglayacak dozlar oldugu belirlenmistir.

Anahtar Kelimeler: Citrullus lanatus (Thunb.) Matsum & Nakai, gama 1s1n1, radyosensitivite, Yalincak.
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Introduction

Watermelon (Citrullus lanatus (Thunb.) Matsum
& Nakai), a member of the Cucurbitacea family,
ranks second in vegetable production in the world
according to the Food and Agriculture
Organization (FAO). In terms of output, China is
the world's leader. After China, Tirkiye is the
world's second-largest producer. Among the
nations that contribute to the global production of
watermelon are Algeria, Brazil, and India.
Tiirkiye produces 4% of the 100,000 tons
produced on an average year, whereas China
produces 60%. The production ratio varies
depending on the year. Tirkiye’s watermelon
production amount is around 3.5 Mtons (TUIK,
2021). The species takes its place in the order of
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the most produced vegetable species after the
tomato. This is the most widely grown species in
the Cucurbitacea family. Most of the watermelon
produced is sale in the domestic market.
However, 2% of production is subject to export.
In addition to its fresh consumption, watermelon
is also used as animal feed in recent years (Tokat
et al., 2020). Hybrid cultivars are preferred in the
production across the world and in Tirkiye
because of their better performance against
diseases and pests than open-pollinated varieties.
The production of local open-pollinated varieties
has declined over time because they have little
opportunity to  compete  with  hybrid
varieties. Therefore, a large amount of breeding
research is carried out in order to produce
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superior varieties that can compete with hybrids.
These programs are mostly focused on the
development of new varieties that are more
adaptive to climate change and cultivation
conditions. When breeding studies to develop
new cultivars are examined around the world, it
is found that many different techniques are used
alone or in combination. Watermelon breeding
research aims to create new genotypes that are
resistant to biotic and abiotic stress. As a result,
various methodologies are used in breeding
studies. When it comes to watermelon cultivar
improvement research, the majority of studies
focus on F1 hybrid breeding (Velkov et al., 2016).
The purpose of F1 hybrid breeding research is to
develop novel varieties with higher yields and
resistance to diseases. Tissue culture methods,
along with the irradiated pollen technique, are
widely used in breeding programs, especially in
the Cucurbitacea family, to speed up the
breeding cycle (Sart and Solmaz, 2021). In recent
years, biotechnological methods based on
marker-assisted selection (Kantor and Levi,
2018; Guo et al., 2019), transgene technology
(Lin et al., 2012; Liu et al., 2016), CRISPR-
CAS9 genome editing (Tian etal., 2017) and next
generation sequence analysis (NGS)
(Pawelkowicz et al., 2016) methods are used for
these purposes. In addition to the studies on the
development of new varieties, it is clear that the
research on rootstock breeding for cucurbits,
especially watermelon, gains a momentum
(Qianruetal., 2017; Presman et al., 2020). Beside
these breeding techniques, induced mutation is
another strategy used to promote genetic
variation in plants. This tool is very important for
researchers looking to broaden on the gene pool.
In self-pollinated plants, it's a highly useful
instrument for the development of single-gene-
directed and simple-inherited traits (Anonymous,
1977; Masuda et al., 2004; Kantoglu et al., 2014).
In nature, mutations have a 10~° probability of
occurring. However, physical or chemical
mutagen applications can increase this frequency
to 10 (Van Harten, 1998). Physical or chemical
mutagens can be used to overcome a genetic
variety limitation in the gene pool due to linkage
and incompatibility problems in breeding
programs. The variability of this limited gene
pool can be improved by mutation induction
(Anonymous, 1977). The wuse of nuclear
techniques in breeding programs appears to be a
considerably less expensive option than today's
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popular biotechnological techniques. It does not
create any disadvantage in terms of human
health, and makes it possible to achieve definite
results in a shorter time. 3402 mutant cultivars
have been developed across the world as a
consequence of mutation breeding technigques
using both physical and chemical mutagens
(MVD, 2022). The application of the mutation
breeding methodology has resulted in the
development and registration of 172 mutant
varieties in 21 different vegetable species around
the world (Kokpinar et al., 2021). In the case of
watermelon, there are 3 mutant watermelon
cultivars developed by the Russian Federation (1)
and China (2) registered in the International
Atomic Energy Agency mutant plant database
(MVD, 2022). Currently, studies are carried out
by utilizing mutation breeding in order to
increase genetic diversity and obtain new
varieties of watermelon (Ernest et al., 2020). The
determination of the effective mutation dose is
unique to the genotype to be studied in order to
establish a mutant population. It is essential in
mutation breeding experiments to achieve an
accurate and successful outcome (Anonymous,
1977; Van Harten, 1998; Kantoglu et al., 2014;
Ernest et al., 2020). For this reason, it is critical
to generate variation in which the targeted traits
will be acquired in the mutant population
obtained with the right dose of mutagen (physical
or chemical) application. The EMDs, dose and
the irradiation dose limit based on this dose are
known to differ from genotype to genotype
(Spencer-Lopes et al., 2018). To develop an
effective variation, it is crucial to determine the
EMDs, mutagen dose specific to the genotype
before beginning the mutation breeding project.
For the experiments of watermelon including
both physical and chemical mutagens,
determination of the EMDs, dose at the beginning
of the breeding program is important. There are
few studies to determine the EMDsy dose for
watermelon in the world (Earnest et al., 2020)
and to develop mutant watermelon cultivars
(Velkov et al., 2016, MVD 2022).

Hazelnut is one of the most important agricultural
crops for local farmers in the Eastern Black Sea
Region. However, due to the problems
experienced in hazelnut production, producers
look for alternative products in recent years. The
Yalincak watermelon is therefore preferred by
the local people in terms of taste and aroma, and
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the demand for this watermelon genotype from
the surrounding provinces beside to economic
importance. Therefore, domestic producers want
to use this genotype more effectively in the
production. Due to the climatic factors of the
region, its yield decreases, especially in rainy
seasons. Consequently, a breeding program is
required to improve the present genotype's ability
to adapt to local circumstances. Mutation
breeding is one of the methods that may be used
in breeding research with the goal of improving
the adaptability of the Yalincak watermelon
genotype to climatic conditions. The goal of this
research is to determine a genotype-specific
EMDs, dose that will provide for successful
mutant variation in a mutation breeding study for
the Yalincak watermelon genotype.

Material and Method

Experimental Site and Plant Material

The Yalincak watermelon genotype is grown in
the Eastern Black Sea Region, especially in
Trabzon and its surroundings, and is preferred by
the local farmer for its yield capacity, flavor and
aroma. The seeds of the Yalincak genotype used
in this study were taken from the local farmer
who live in the Yalincak neighborhood of
Ortahisar District in Trabzon province.

Method

The moisture content of the seeds was
determined using the method of Tepe et al.
(2003). Seed irradiation was carried out using a
Cobalt 60 (°Co) gamma rays source at a dose rate
of 419 Gy/h at the Turkish Energy, Nuclear, and
Mineral Research Agency. Seeds were exposed
to irradiation doses of 0 to 150, 250, and 350 Gy
at ambient temperature and atmosphere.
Experiments were established as four replicates
with 30 seeds for each replicate. The seeds were
sown in pots filled with mixture in a 1:1:1 ratio
(garden soil: fertilizer: peat) and incubated under
controlled conditions (16/8 hour lighting regime,
24+1 °C ambient temperature) for 30 days. The
MINITAB -ANOVA and MSTAT-C statistical
programs were used to analyze the germination
data on the 10" day. In addition, based on shoot
and root lengths on the 30" day after irradiation
(Anonymous, 1977), the EMDs, value was
calculated using linear regression analysis.

Results

The moisture content of the seeds before
irradiation was measured as 9%, as described in
the method of Tepe et al., (2003). Germination
values were determined according to daily counts
in seeds irradiated at different doses during the
first 10 days following irradiation (Figure 1).
Table 1 presents seed germination rates after
different irradiation treatments. The results of the
counts performed at the 10th day after sowing to
determine the effect of irradiation on germination
were also presented in Table 1.

Table 1. Germination rates of irradiated seeds on the 10" day following sowing (%)

Irradiation Dose (Gy) Control (0) 150 250 350
% Germination Rate 71.11b 78.88 a 80.00 a 5111c
LSD value: 2.947; Sx: 0.7071; a: 0.01
When the results were evaluated, it was seen that respectively. The control group's higher

the germination rate of control seeds was
71.11%. As a result of the stimulating effects of
150 Gy and 250 Gy absorbed doses, germination
rates were determined to be 78.88% and 80.00%,
respectively. This rate was found to be 51.11% in
the application of 350 Gy irradiation. Ina 150 Gy
application, maximum germination was obtained
at7, 12, and 13 values, in the first three days after
irradiation. On the fourth day, the germination
percentage of the 250 Gy treatment was found to
be higher than the other three treatments,
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germination rate was observed on the 7" day with
a seed number of 55. By 350 Gy treatment, the
germination rate was at the lowest level
compared to other doses (Figure 1). The effects
of irradiation doses on germination percentage
were found to be significant in statistical
analyses. As a consequence, a statistical
difference was found between 350 Gy and the
other three doses (0, 150, and 250 Gy), whereas
there was no difference found between the 150
and 250 Gy doses.
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Figure 1. Germination rate of irradiated and nonirradiated seeds at 10" day after seed sowing.

In table 2, the average seedling and root lengths
measured from seedling observations taken in 30
days after irradiation were revealed. In the
measurements, it was determined that the average
seedling height was 6.65 cm in the control
sample. In comparison to the control group,
seedling and root length decreased as a result of
the higher radiation exposure (Figure 2). The
average plant height values in the 150 and 250 Gy
dose treatments were observed to be 5.02 cm and
3.42 cm, respectively. These findings showed

that 350 Gy application had a detrimental effect
on seedling length and root growth. The average
seedling length was measured at 2.57 cm.
Irradiation also negatively affected root growth.
While the root length was determined as 5.23 cm
in control plants, it was measured as 3.50 cm at
150 Gy, 2.00 cm at 250 Gy, and 0.50 cm at 350
Gy, respectively. The result of linear regression
analysis based on shoot length was presented in
Figure 3.

Table 2. Seedling length (cm) recorded in irradiated and non-irradiated seeds at the 30" day following

seed sowing.
Irradiation Dose (Gy) Control (0) 150 250 350
Mean seedling length (cm) 6.65 5.02 3.42 2.57
Mean root length (cm) 5.23 3.50 2.00 0.50
8
6
4
2
0
Control (0) 150 Gy 250 Gy 350 Gy

Mean seedling lenght (cm)

e |\/lean root lenght (cm)

Figure 2. The effects of irradiation doses on plant growth parameters

y = -0,012x + 6,6685
R = 0,99

+Y mLinear predicted y

8
g 7]
(@]
g o
= .
=4
n 2 -
c
8
2 O T T T
0 100 200 300
Irradiation doses (Gy)

400

Figure 3. Linear regression curve of irradiated seeds
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The EMDs, dose was determined using the
formula (y = -0.012x + 6.6685) obtained from
linear regression dose versus mean seedling
height in Figure 3 and calculated as 278 Gy as a
result of linear regression analysis using the value
corresponding to 50% (3.325 cm) of control
seedling height. According to the linear
regression analysis, the r? value was found to be
0.99. It was determined that this value showed the
least margin of error, and the acceptability of the
obtained data was high. The dose range, defined
as the acute dose and known as 10% of the
EMDs, dose and the lower and upper limits, was
determined to be between 250 and 305 Gy.

Discussion

The aim of this research study was to determine
the EMDs, dose for a mutation breeding study in
the Yalincak watermelon genotype, which is
grown locally in the Eastern Black Sea Region.
The effects of irradiation on seed germination,
seedling growth, and root development were
investigated. According to the results, higher
irradiation doses had a detrimental effect on seed
germination. During the experiment, the average
germination rate for the first ten days was 71.11%
in the control and 51.11% in the 350 Gy
treatment. Ernest et al. (2020) examined
watermelon and came up with similar results.
They found that the higher doses of irradiation
decreased the seed germination rate (35% at 600
Gy for Kaolock cv. and 30% at 400 Gy for
Crimson Sweet, respectively). Kurtar et al.
(2017) studied the impact of irradiation on the
germination of squash and pumpkin seeds. They
found that increasing the irradiation dose had a
detrimental effect on squash and pumpkin seed
germination rates. Besides these effects of
irradiation, the researchers determined that low
radiation dose applications stimulate seed
germination (Anonymous, 1977, Daskalov 1986,
Spencer-Lopes et al., 2018). The results of this
study on the stimulant effects of low-dose
applications against germination were similar to
the results of previous studies. In this study, seed
germination rates were determined to be 78.8%
and 80.0% at 150 Gy and 250 Gy doses,
respectively. The rates of these doses were
higher than control seeds. Similar findings were
reported for Capsicum annum (Tepe et al., 2003)
and watermelon (Velkov et al., 2016). Velkov et
al., (2016) that the seed germination rate
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decreased after irradiation in Bojura watermelon
variety seeds irradiated at doses between 0-450
Gy with a ®Co gamma irradiation source. Same
research group was also reported that a low
application dose of 100 Gy also stimulated seed
germination. It was considered by researchers as
the stimulating effect of irradiation (Van Harten,
2002). This was observed at the end of the 30-day
period following irradiation that seedling height
and root length declined proportionally with
increasing radiation doses. It was attributed to
negative irradiation effect (Micke and Donini,
1993; Ernest et al.,, 2020; Celik et al., 2021,
Kantoglu and Kunter, 2021). The results of this
study, shown that there was a negative correlation
between irradiation dose and seedling growth,
and the findings were similar to other research
results (Van Harten, 1998; Puripunyavanich,
2003; Zafar et al., 2022). According to Velkov et
al., (2016) and Earnst et al., (2020), irradiation
has a significant impact on seedling development
in addition to seed germination. The effect of
radiation exposure on seedling height and root
growth is critical in determining the EMDs, dose.
As a result of seed irradiation at different doses
in the Yalincak genotype, linear regression
analysis revealed the EMDs, dose to be 278 Gy.
This finding was influenced by the type and
activity of the irradiator source used, as well as
the seed moisture percentage of the Yalincak
genotype (Anonymous, 1977; Spencer-Lopes et
al., 2018). The dose limit for the Yalincak
genotype used in the experiment was determined
at 250-305 Gy, which was 10% lower and higher
than the EMDs, dose. This provided the
opportunity to create a broad variation for the
mutation breeding study. The dose limit, which
was determined to be the acute gamma radiation
dose (Van Harten, 1998), was confirmed to be the
optimum dose range for the Yalincak genotype
mutation breeding research. The EMDs, dose
used in mutant breeding experiments for both
watermelon and other vegetable species appears
to vary from genotype to genotype (Celik et al.,
2021). In the research on watermelon by Ernest
et al., (2020), the EMDs, dose was estimated to
be 225.40 Gy in the Kaolack cultivar and 221.56
Gy in the Crimson Sweet cultivar, with data
indicating that it varied by genotype. Due to the
limited amount of research conducted or
published to determine the effective mutation
dose in watermelon, studies in other vegetable
species show that increased irradiation doses
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adversely affect plant growth when compared
with the findings presented here. On the other
hand, studies were conducted to determine the
EMDs, dose based on genotype in a variety of
crops, such as tomato (Masuda et al., 2004; Pino-
Nunes et al., 2009; Chun et al., 2020; Celik et al.,
2021), pepper (Daskalov, 1986; Tepe etal., 1993,;
Tomlekova et al., 2007; Adekola and Oluleye,
2012; Kantoglu et al., 2014), lettuce (Sarigam et
al., 2017), carrot (Biiyiikding et al., 2019; Yarar
et al., 2021), melon (Tadmor et al., 2007),
cucumber (Pawelkowicz et al., 2016), squash and
pumpkin (Kurtar et al., 2017) and garlic (Taner et
al., 2015). The results revealed that the EMDsy
dose should be determined according to the
genotype to be studied in the mutation breeding.

Conclusion

Mutation breeding is widely used as a viable
method to promote genetic diversity. It is an
effective method used to break genetic barriers
for many species in breeding studies. In order to
obtain a successful result in breeding programs
carried out using this method, it is vital to know
which physical or chemical mutagen should be
used and the application dose at the beginning of
the research. In this context, determining the
EMDs dose and the lower and upper limits of the
dose depending on the genotype increases the
effectiveness of mutation breeding studies. As
expected in the first part of the study, it was
observed that 350 Gy irradiation negatively
affected seed germination as a side effect of
radiation. However, in low-dose irradiation
applications, the germination ratio was found to
be increased when compared to control seeds. In
this study, which was conducted to find the
EMDs, dose of the Yalincak watermelon
genotype, the effective dose was determined as
278 Gy. The acute irradiation dose limit, which
will create mutant variation at the appropriate
frequency, was found to be between 250 and 305
Gy as the lower and upper limits of this dose. It
will be possible to obtain an effective variation
for the Yalincak genotype by using irradiation
doses at this limit. When the findings of this study
were evaluated together with similar studies on
watermelon, the importance of determining the
effective mutation dose became evident once
again. Accordingly, it will be possible to get
successful results from breeding programs
designed with EMDsg, which will be determined
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correctly at the beginning depending on the
genotype.
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Abstract

Colchicum belongs to the Colchicaceae family and is naturally distributed in Turkey with 36 taxa. Colchicum
species is known for both its medicinal aromatic and ornamental properties. In this study, Colchicum cilicium
corms were cultured on RO medium including different dichlorophenoxyacetic acid (2,4- D) concentrations
(2,3,4 mgL™) for in vitro regeneration and developing somatic embryogenesis protocol. Swelling of the corm
explants, efficient embryogenic callus and somatic embryo were obtained at RO medium including 4 mgL™!
2,4-D (30%). Embryogenic structures were histologically analyzed and globular, heart-like shape, torpedo
stages were identified. Microcorm formation was obtained from the media with 2 mgL™* 2,4-D + 0.05 mgL*
2iP as (81%) and germination of these microcorm were limited. Somatic embryos were encapsulated for
germination and the highest germination rate was detected at 3% Na Alginate including RO medium+ 4mgL"!
2,4-D as 27.8%.

Keywords: Somatic embryogenesis, Colchicum, encapsulation, RO, 2,4-D.

Tiirkiye’de Dogal Olarak Yayihs Gosteren Colchicum cilicium®un In vitro Rejenerasyonu ve Sentetik
Tohum Uretimi

Oz

Colchicum Colchicaceae familyasma aittir ve Tiirkiye’de 36 tiir ile dogal olarak yayilis gostermektedir.
Colchicum tiirleri hem tibbi aromatic bitki hem de siis bitkisi olarak bilinmektedir. Bu ¢alismada Colchicum
cilicium kormlar farkli dichlorophenoxyacetic acid (2,4- D) konsantrasyonlari igeren (2,3,4 mgLt) RO besi
yerinde in vitro rejenerasyon ve somatic embriyogenesis protokoli gelistirmek i¢in kiiltiire alimmigtir. Korm
eksplantlarinin sismesi, etkili kallus olusumu ve somatic embriyolar 4 mgL* 2,4-D iceren RO besi yerinde
gozlemlenmistir (30%). Embriyojenik yapilar histolojik olarak analiz edilmis, globular asama, kalp benzeri
asama ve torpedo agamasi tanimlanmustir. Mikro korm olusumlar1 2 mgL-! 2,4-D + 0.05 mgL ! 2iP igeren besi
yerinde gozlenmistir (%81)ve mikrokormlarin ¢imlenmesi sinirli kalmistir. Somatik embriyolarin ¢imlenmesi
i¢in enkapsiilasyon yapilmistir ve en yiiksek ¢imlenme oran1 3% Na Alginate RO + 4mgL 2,4-D igeren besi
yerinde 27% olarak belirlenmistir.

Anahtar Kelimeler: Somatik embriyogenesis, Colchicum, enkapsiilasyon, RO, 2,4-D.
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Introduction reclassified into the Colchicaceae family using

different markers such as mitochondrial DNA
(Fay et al., 2006) and plastids (Rudall et al., 2000;
Vinnersten and Reeves, 2003; Jung et al., 2011).

Colchicum genus was formerly classified into
Liliaceae family in the past and recently
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This genus is separated into two groups
according to flowering time. Leaves and fruits are
formed in spring for autumn flowering species,
and flowers occur together with leaves for spring
flower species (Giilsoy Toplan et al., 2016). The
flower colour of Colchicum ranges from white to
purple. Colchicum sp. undergoes an annual cycle
during the year and is dormant during summer.
Some Colchicum species such as C. autumnale
include an important alkoloid known as
Colchicine. Colchicum consists of 99 species and
these are perennial herbs containing rhizome and
corm. Colchicum genus distributes from
Northern Africa to Central Asia, including
southern Europe, the Mediterranean region and
the Middle East (Ellington et al., 1997; Jung et
al., 2011). There are 50 Colchicum species
naturally grown in different regions of Turkey
and 22 of that endemic (Giiner et al., 2000).
Colchicum cilicium is one of the autumn
flowering geophytes distributed in Pinus, Olea
and Quercus forests at rocky and stony slopes.
The corm of this species is a globe, elliptical and
tunic colour ranges from light brown to dark
brown. Leaves are rectangle or elliptical,
undulated and smooth. Flowering occurs from
August to November with light pink, purple and
violet-purple flowers. This species is one of the
important genetic resources due to its bioactive
compounds such as alkaloids and attractive
flowers for ornamental purposes.

Tissue culture technics are unique to preserving
genetic resources that are under the extinction
threat due to human activities such as
industrialization and urbanization. Somatic
embryogenesis is a way of obtaining bipolar
embryogenic  structures  without  vascular
connections from different vegetative tissue.
Somatic embryogenesis is affected by plant
growth regulators, genotype, explant type,
medium content and incubation conditions (Izgii
et al., 2016). In vitro regeneration from various
explants has been described in different
Colchicum species such as organogenesis at C.
autumnale (Ellington et al., 1997), callus
induction and somatic embryogenesis at C.
hierosolymitanum Feib. (Daradkeh et al., 2012),
and callus induction at C. calcedonium (Karlik et
al.,, 2020). Another important method for
conserving and maintaining genetic resources is
synthetic seed production. Somatic embryos are
significant explants for synthetic seed
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production. Encapsulation with Na Alginate
provides both easy conservation for the somatic
embryos and clonal propagation of the genetic
resources (Ara et al., 2000). This study is a
comprehensive report on obtaining embryo-like
structures and synthetic seed production of
Colchicum cilicium endemic to Turkey. The
corms were cultured on an RO (Ruggini Olive)
medium including three concentrations of
dichlorophenoxyacetic acid (2,4-D) and
embryogenic structures were encapsulated with
3% Na Alginate to obtain somatic embryos.

Materials and Methods

Plant Material

Wild C. cilicicum (2n=2x=54) plants at the
blooming stage were collected from rocky and
stony woodlands of Meydan Castle, Aladag,
Adana. The collecting points and coordinates of
the location are 37°30'37"N 35°22'06"E, 1316 m
in November 2018. Plants were cultured in 13 cm
diameter pots including peat and perlite mixture
(1:1, v/v) in the polycarbonate greenhouse of the
Horticulture Department, Cukurova University.
A dark green net and temperature provided
shading was adjusted by cooling pets in the
greenhouse.  Plants  were  cultured at
approximately 20 °C. Plants were cultured in in
vitro after 5 days of greenhouse cultivation.

Surface Sterilization

C. cilicicum corms were collected from nature
during the wvegetation period in November.
Corms were sterilized before in vitro culture.
Leaves, flowers and tunics were dissected from
the corms and the remaining corms were used as
explant. Corms were washed under tap water for
15 min., washed with liquid antibacterial soap
(Activex ®, Istanbul/Turkey), and rinsed with
distilled water. Explants were soaked in 70%
ethanol for 3 min, 0.1% fungicide (Captan
50WP/Fruit and Ornamental, NY, USA) for 1
min and explants were rinsed with distilled water.
Additionally, corms were kept in 0.1% HgCl, for
15 min and rinsed with distilled water. The
corms were placed in a sterile laminar cabinet and
soaked in 70% ethanol for 3 min, then rinsed with
sterile distilled water once and then immersed
into 30% NaOCI (4,5% active chlorine, v/v,
NaOCl;  Domestos®, Unilever, Turkey)
containing 2 ml Tween-20 for 30 min. Explants
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were washed with sterile distilled water four
times.

Explant Preparation, In vitro Regeneration
Medium and ELS Maturation Medium

Sterilized 1 cm diameter corms containing apical
buds were cut into 0.5 cm? equal small square
blocks with sterile forceps and scalpel. 15-20
explants were obtained from 1 corm. Explants
were placed into the disposable plastic petri
dishes (90x15 mm) including medium. Explants
were cultured on in vitro regeneration medium
(IRM). IRM consisted of full-strength Ruggini
Olive medium (RO medium) and different
concentrations (2, 3, 4 mgL?) of 24-
Dichlorophenoxyacetic Acid (2,4-D). Hormone-
free IRM medium was used as a control in the
regeneration experiment. In addition, different
concentrations of 2,4-D, 3% sucrose, 0.05%
charcoal, and 3.5 g/l gelrite were added to the
medium. pH was adjusted to 5.7-5.8 before
autoclaving (121 °C for 15 min, 1.05 atm
pressure) by 1IN HCl and 1N KOH. Explants were
cultured under dark conditions at 25+2°C for in
vitro regeneration. Embryogenic callus (EC) and
embryo-like structure (ELS) were sub-cultured
every 4-6 weeks. Embryogenic calluses were
transferred to RO medium including 2iP (0, 0.05
mgL™?) or BA (0, 1 mgL™) combination of 2,4-D
(0, 1, 2 mgLt) for maturation. After maturation,
embryo-like structures were transferred to an MS
medium containing 0.5 mg/l BA and 0.1 mgL™
GA; for germination.

Synthetic Seed Production

The globular shape embryos were carefully
selected at equal sizes to be homogeneous. 3% Na
Alginate was including RO medium and 4 mgL*
2,4-D. 1.1% CaCl, was prepared, and pH
adjusted to 5.8. Both 3% Na alginate and 1.1%
CaCl;, were autoclaved (121 °C for 15 min, 1.05
atm pressure). Embryos were soaked into the
alginate with a scalpel and slowly dripped into a
1.1% calcium chloride (CaCl,) solution with a
micropipette. The container containing the CaCl,
solution was shaken circularly during the
dripping process to provide encapsulating and
polarisation. Synthetic seeds were immersed in
CacCl; solution for about 15 min. after dropping.
Synthetic seeds were rinsed several times with
sterile distilled water. Then synthetic seeds were
transferred to the in vitro regeneration medium
and cultured at 25+1 °C in dark conditions.
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Histological Analysis

ELS samples were reamed by injector needle and
explants were immersed in the formaldehyde-
propionic acid-alcohol (FPA). Explants were
submerged in the ethyl and tertiary butyl alcohol
series for 4 hours to provide dehydration. Then
explants were immersed into the paraffin.
Samples were dissected as 10-12 p with a rotary
microtome (Leica RM2134) and stained with
hematoxylin. Slides derived from explants were
monitored under the light microscope (Olympus
BX51) and photographed by the camera
(Olympus DP72) (Karabiyik et al., 2017).

Experimental Design and Data Analysis

Colchicum cilicium plants in the nature were
selected randomly and the genotype effect was
ignored. Experiments were established in a
completely randomized design and repeated three
times with ten replicates for each treatment. In
vitro regeneration process was investigated and
morphologic differentiation of the corm explants
such as puffing, ELS percentage and germination
percentage of the embryos were examined. All
data were subjected to arcsine transformation.
Means were separated least significant
differences test (LSD). Data were analyzed by
JMP® program version 8. Significance was
considered at p< 0.05.

Result and Discussion
In vitro Regeneration Results

Differentiation of the explants started after 13
weeks of the culture depending on PGR
concentrations. Embryo-like micro corms and
shoot-like structures appeared after the corm
explants' swelling period. These formations were
proved with histological analysis. Bipolar
structures and somatic embryos without vascular
connections with explants were verified.
However, acclimatization was restricted due to
the limited tunic formation and root elongation.
To regenerate the whole plant from corm
explants by embryo induction, an RO medium
containing different concentrations of 2,4-D (2,
3, 4 mgL?) was tested. As a result of the
experiment, swelling and direct embryogenesis
were obtained. There were no morphological
differentiation and regeneration in the control
group. The corm explants' highest morphological
differentiation (Swelling) was determined at RO
medium including 4 mgL*2,4-D as 35% (Table
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1). Somatic embryos were formed from these
swelling corm explants after 16 weeks of the
culture. Globular, heart shape and torpedo shape
embryogenic structures were determined from
the RO medium including 4 mgL™2,4-D as 30%
(Table 1). Embryos were bright and transparent
at the beginning. Embryos were turned to opaque
cream, yellow and light green after 5 weeks of the
occurrence. Explants, including the different
shapes of embryos, were transferred to the
embryo maturation and germination medium.
Embryos were maturated, and micro corms
occurred on the embryo maturation medium
(Figure 1). Although the best microcorm (%81)
formed from the corm explants of the C. cilicum
on the RO medium containing 2 mgL*2,4-D +
0.05 mgL*? 2iP after 25 weeks (Table 2), the
differences between maturation medium were not
significant statistically (Table 2). Maturated
somatic embryos and micro corms were
transferred to the MS medium containing 0.5
mgL? BA and 0.1 mgL™* GA; for germination.
Shoot-like and root-like structures were observed
limitedly on the germination medium (Data not
shown) (Figure 2).

Histological Analysis Results

Histological analyses investigated embryogenic
structures. The embryo formation process from
the corm explants was presented in Figure 4.
Proembryogenic  structures and embedded
globular embryos were determined in the
presence of 2,4-D (4 mgL™?). Embryos continued

development and hearth shape and torpedo shape
somatic embryos occurred at the embryo
maturation was detected from the 27 weeks old
explants. Vascular connection with the corm
explant was not observed from all regenerated
tissue and is one of the important proof for these
structures to declare as the somatic embryo.
Moreover bipolar vascular sections were
determined at the torpedo stage of somatic
embryos between two poles (Figure 3).
Additionally, cell clumps, starch grains and cell
nucleus were determined from the meristematic
tissues. Somatic embryos were easily separated
from the corm explant surface. Shoot and root-
like structures were developed synchronously.
Proliferation regions were easily monitored
under a microscope.

Synthetic Seed Results

Somatic embryos obtained from RO medium
containing 4 mgL2,4-D were encapsulated with
3% Na alginate including RO medium with 4
mgL? 2,4-D. The germination rate was
determined as 27.8%. Germination and cormlet
formation were observed synchronously after
encapsulation. Micro corms and germinated
embryos were transferred to the RO medium
including 2 mgL? 2,4-D + 0,5 mgL? 2iP for
maturation of these structures. Elongation
microcorms were cultured on MS medium 0.5
mgL* BA + 0.1 mgL™* GA3 but germination and
shoot elongation were not observed (Figure 4).

Table 1. Swelling and embryo formation rates in C. cilicicum

Content of RO Medium

Swelling (%)

Embryo Formation (%)

C Control 000)b 0(0)b
RO1 2mgL'2,4-D 10 (10,5) b 25(3)b
RO2 3mgL*2,4-D 5(@0)b 000)b
RO3 4mgL'24-D 35(315)a 30(27) a

LSDsweLLinG= 18.66, LSDemsryo= 16.25. All percentage values indicated in parentheses were arcsine
transformed. Different letters within a column indicate significant differences (P<0.05)
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Figure 1. Structures obtained in somatic embryogenesis experiments A, B, C) Direct somatic embryos
formed from swollen explants in RO medium containing 4 mg/l 2,4-D, D) Direct somatic embryos
formed in RO medium containing 4 mgL*2,4-D after 18 weeks, E, F, G) Cormlets obtained from
somatic embryos, H, 1, J) Shoot-like structures formed on cormlets in MS medium containing 0.5
mgL? BA and 0.1 mgL™ GA; (g: globular, h: heart, c: cotyledon, co: cormlet, sls: shoot-like
structure).

Figure 2. Different developmental stages of somatic embryos occurring in Colchicum cilicicum species
A) Globular stage, B) Heart stage, C) Torpedo stage, D) Close view of torpedo stage, E)

Cotyledon stage.
Table 2. Cormlet formation rates in C. cilicicum
Content of RO Medium Cormlet Formation (%)
Gl PRG free RO 45,5 (40,9) a
G2  1mgL'24-D+1mgL'BA 45,5 (40,9) a
G3  2mgL'2,4-D +0.05 mgL* 2iP 81,8 (73,6) a

LSDcormLeT= 42,33 All percentage values, indicated in parentheses, were arcsine transformed.
Different letters within a column indicate significant differences (P<0.05)
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Figure 3. Images obtained as a result of histological analysis A, B) Cross-section image of globular
embryos occurring in RO medium containing 4 mgL2,4-D, C, D) Close-up view of the cross-
section of globular stage embryos, E, F) Nuclei that appear prominently in the cells of the globular
embryo, G) Image of embryo transitioning to the heart stage, H) Close-up view of the embryo
entering the heart stage, 1) Image of a heart stage embryo (g: globular, h: heart, n: nucleus, gt:

growth tip).

Discussion

Somatic embryogenesis is one of the important
methods for in vitro clonal propagation of the
important endemic species and naturally grown
genetic resources (Kogak et al., 2014). In vitro
regeneration studies were limited for the
Colchicum species (Hayashi et al., 1988; Yoshida
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Figure 4. A) The swollen view of the synthetic seed coated with 3% Na alginate containing 4 mgL*2,4-
D and RO medium before germination, B, C) Cormlets formed from synthetic seed, D, E)
Cormlets developing in the maturation medium, F) Cormlets with getting dark in the germination
medium (ss: synthetic seed, co: cormlet).

et al., 1988; Daradkeh et al., 2012; Wagh et al.,
2015; Karlik et al., 2020, Sar1, 2020, Ozkaya,
2021). To produce somatic embryo three
different PGR concentrations were tested for C.
cilicicium. Histological analyses were performed
to observe the developmental stage of somatic
embryos and microcorm formation. Direct
somatic embryos were obtained from the corm
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explants. The corm has been used as a significant
explant type for the in vitro propagation of
geophytes such as Colchicum, (Karlik, 2020;
Sari, 2020; Ozkaya, 2021). Karlik et al. (2020)
used three different explants of Colchicum
chalcedonicum and they reported that callus was
formed only from corm explants. Additionally, in
vitro regeneration was obtained from the corm
explants of C. szovitsii, C. burtii, C. serpentinum,
C. figlalii, C. atticum, C. triphyllum, C.
sobolifera, C. speciosum (Sari, 2020; Ozkaya,
2021), Colchicum luteum (Wagh et al., 2015). On
the other hand, seeds (Daradkeh et al., 2012) and
flowering shoots (Hayahsi et al., 1988; Yoshida
et al., 1988) were used as explant for in vitro
regeneration and cell regeneration suspension
cultures of Colchicum sp. The success of the in
vitro regeneration is dependent on medium
selection. In this study, RO mediums including 2,
3, and 4 mgL? 2,4-D were tested for in vitro
regeneration and the highest regeneration was
obtained from RO medium including 4 mgL2,4-
D. Daradkeh et al. (2012) cultured the callus
induced from C. hierosolymitanum seeds, on MS
medium including 045 uM 2,4-D, then
transferred the callus to MS medium including
4.52 uM 2.4-D for in vitro colchicine production.
Wagh et al. (2015) used chitosan for in vitro
germination of dormant C. luteum. They
determined that 0.015 and 0.5 gL of chitosan
concentration positively affected the shoot length
and dry weight of in vitro plantlet. Karlik et al.
(2020) cultured C. chalcedonium corms on MS
medium including NAA, BAP, ZEA, 2iP and 2,4-
D with different sucrose concentrations to obtain
callus, and the highest callus initiation was
reported as 75% from the 2 MS medium
including 3% sucrose, 0.05 % active carbon and
2 mgL! 2,4-D+0.5 mgL?® 2iP. Sar1 (2020)
obtained the highest somatic embryos as 74%
from the corms explants cultured on MS medium
including 2 mgL* 2,4-D for C. figlalii. Ozkaya
(2021) obtained somatic embryos from the corm
explants from the MS medium including 2 mgL™
NAA for C. triphyllum, and 6 mgL* 2,4-D for C.
speciosum, 0.5 mgL* 2,4-D +0.5 mgL™ 2iP C.
burtii and C. sobolifera. On the other hand,
Hayashi et al. (1988) cultured the Colchicum
autumnale on modified MS containing 10° M
2,4-D+ 10° M Kin. They then transferred the
tissues to the medium with 0.5uM IBA + 0.5uM
Kin to produce colchicine in cell suspension
culture. Ellington et al. (1997) reported that the

24

application of paclobutrazol to the cormlet
occurring in Colchicum autumnale positively
affected the development of cormlet. Literature
review shows that 2,4-D is an efficient plant
growth regulator for in vitro regeneration of
Colchicum. Regeneration is highly dependent on
plant growth regulator types and dosages. 2,4-D
is known as a significant promoter for in vitro
regeneration, especially in monocots (Ullah and
Khan, 2022), and positive effects of 2,4-D and
combinations with different cytokinin on in vitro
regeneration have been proved for different
species such as crocus (Sevindik et al., 2018),
lillium (Karalija et al., 2013). Additionally, the
medium is another significant factor in inducing
regeneration. In the regeneration studies of
Colchicum, MS medium was used distinctly in
our study.

Somatic embryos were analyzed histologically
and different tissues, embryo stages such as
globular, heart-like stage, torpedo-like stage and
coleoptile, bipolar  structures, vascular
polarization, and proliferation regions were
detected. Blazquez et al. (2009) investigated
nodular callus and embryos of saffron obtained
from MS medium including 0.1 mgL? 2,4-D
histologically. Blazquez et al. (2009) showed
bipolar structures, mini corms, apical meristems
and vascular connections between two poles
similar to our study. Colchicum sp. is
monocotyledon and somatic embryo formation
showed differentiation dependent on its
monocotyledon or dicotyledon. There have been
numerous studies on the somatic embryogenesis
of monocotyledon plants such as banana, rice,
wheat, lillium, etc. However, embryo stages of
the monocotyledon plants are identified as
globular, scutellar, and coleoptile. In this study,
globular, heart like and torpedo-like or scutellar,
cotyledonary or coleoptillar embryogenic stages
were observed with histological analyses. Similar
to our observations, Additionally, Natarajan et al.
(2020) described the embryogenic stage globular,
heart, late heart and torpedo stage at Musa sp.
Synthetic seed application provides germination
of somatic embryos under in vitro and ex-situ
conditions for clonal propagation (Aitken-
Christie et al., 1995; Ipekci and Goziikirmiz,
2003). To our knowledge, no prior studies have
examined synthetic seed production of
Colchicum species. In our study, somatic
embryos were encapsulated with 3%Na Alginate
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including RO medium +4 mgL"2,4-D. Embryos
were germinated at 27.8% and cormlet was
formed after encapsulation.

Conclusion

In conclusion, in vitro regeneration and somatic
embryogenesis protocol were investigated using
corm explants from wild Colchicum cilicium
naturally grown in  Turkey. Although
acclimatization was limited, this is the first
original paper that shows callus induction and
embryogenic  development  process  for
Colchicum cilicium. It was concluded that a
higher auxin level stimulates the embryogenic
development of C. cilicium corm explants. This
study has potential for in vitro propagation,
synthetic seed production and conservation of the
naturally grown Colchicum species.
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Siirt Fistik (Pistacia vera) Anacimin Meloidogyne incognita ve Meloidogyne javanica’ya

Kars1 Dayanmikhilhik Durumu

Adem OZARSLANDAN
Silifke Uygulamali Teknoloji ve Isletmecilik Yiiksekokulu, Mersin Universitesi, 33940, Silifke Mersin, Tiirkiye

Oz

Kok ur nematodlarmin diinya genelinde bircok triinde ekonomik kayiplar verdigi bilinmektedir.
Bugalismanin amact Siirt fistik anacinin koék ur nematoduna dayanikliligint belirlemektir. Fistik tohumlari
fidan posetlerine ekilmistir. Bitki boylar1 25-30 cm geldiginde bir tiir i¢in 3000 Meloidogyne incognita ve M.
javanica’nin ikinci dénem larva inokulasyonu yapilmustir. Bitkiler nematod inokulasyonundan yaklasik 60
glin sonra kok ur oranina gore degerlendirilmistir. Kok urlanma orani sonuglari, dayanikli (0-2) veya duyarlt
(3-5) bitkiler olarak belirlenmistir. Siirt fistik anacinin M. incognitave M. javanica’ya karst urlanma orani
sirastyla 3,1-3,4 olarak tespit edilmistir. Bu ¢alisma ile iilkemizde ilk defa Siirt fistitk anacinin kdk ur
nematodlarina hassas oldugu tespit edilmistir. Bu ¢alima ile farkindalik olusturmak ve daha genis
caligmalarin gerekliligi ortaya konulmustur.

Anahtar Kelimeler: Kok ur nematodu, fistik, dayaniklilik.
Resistance Status of Siirt Pistachio Rootstock Against Meloidogyne incognita and M. javanica

Abstract

Root knot nematodes are known to cause economic losses in many crops around the world. The aim of this
study is was to determine the resistance of Siirt pistachio rootstock to root knot nematode. Pistachio seeds
were planted in seedling bags. When the plant heights were reached to 25-30 cm, 3000 second stage larva
Meloidogyne incognita and M. javanica were inoculated. Plants were evaluated for root galling rate
approximately 60 days after nematode inoculation. Root galling rate results were determined as resistant (0-2)
or susceptible (3-5) plants. Galling rate of Siirt pistachio rootstock against M. incognita and M. javanica was
determined as 3.1-3.4, respectively. In this study, it was determined for the first time in our country that Siirt
pistachio rootstock is susceptible to root knot nematodes. In this study, the necessity of raising awareness and
wider studies has been revealed.

Keywords:Root knot nematode, pistachio, resistant.
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Giris 95'ini kapsayan Giineydogu Anadolu bolgesidir
Fistik (Pistaciavera) Anacardiaceae (Kafkas ve ark., 2002).
familyasinin ~ bir  iiyesidir.  Anacardiaceae Kok ur nematodlar1 (Meloidogyne spp) diinya

familyast 10-20 tiir igerir (Khanazarov ve ark.,
2009). Fistik, Orta Dogu'da, Asya'nin orta ve
bati bolgelerinde, Akdeniz {ilkelerinde ve
ABD'de yetistirilmektedir (Kashaninejad ve
ark., 2006). Fistik ¢ok besleyici bir meyvedir ve
yiiksek potasyum, karbonhidrat ve mineraller
icerir. Enerji igerigi bademlere benzerdir
(Bellomo ve Fallico, 2007). Yaklasik %10 seker,
%20 protein ve %50 yag icerir (Barghchi ve
Alderson, 1985). Tiirkiye, ABD ve Iran'dan
sonra diinyanin en biyilik {iglincii {ireticisidir.
(FAOstat, 2017). Tirkiye'de 56 ilde fistik
iiretimi yapilsa da bu illerin birgogu ¢ok sinirl
alanlarda ¢ok az miktarda fistik iiretmektedir.
Ana ekim alani, Tiirkiye fistik tiretiminin %90-
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capinda en zararli bitki paraziti nematodlar
arasinda yer almaktadir. Bu cinse ait 100'den
fazla tiir tespit edilmistir (Moens ve ark,2009).
M. Incognita (Kofoid ve White, 1919)
Chitwood, 1949, M. Javanica (Treub, 1885)
Chitwood, 1949 ve M. arenaria esas olarak
tropikal bolgelerde yaygin iken, M. chitwoodi,
M. fallaxve M. hapla daha serin bdlgelerde
bulunmaktadir (Adam ve ark., 2007). Tirkiye'de
M. incognita, M.arenaria (Neal, 1889) ve
M.javanica  (Treub, 1885)  (Nematoda:
Meloidogynidae) sebze liretiminde en yaygin ve
ekonomik olarak zarar veren tiirler olarak
bildirilmistir ((Elekciogluve ark., 1994; Mennan
ve Ecevit, 1996; Kaskavalc1 ve Onciier, 1999;
Ozarslandan ve Elekcioglu, 2010; Cetintas ve
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Cakmak, 2016). Ayrica M.luci, Tirkiye'nin
kuzey bolgelerinde tarla bitkileri ve sera
sebzelerinde ciddi bir sorun oldugu saptanmistir
(Aydinli, 2018).Ulkemizde fistik alanlarinda
nematod konusunda yeterli calisma
bulunmamaktadir. Fistik alanlarinda sadece
Yildiz ve Elekcioglu (2007). Tirkiye fistik
bahgeleri ile iligkili nematodlar1 incelemisler.
Tylenchus, Filenchus, Helicotylenchus,
Rotylenchus, Rotylenchulus sp.,Pratylenchus,
Pratylenchoides,  Trophorus, = Geosenamus,
Tylenchorhynchus, Criconema, Paratylenchus
ve Xiphinema nematodlarini saptamuslardir.
Bunlar arasinda Paratylenchus, Helicotylenchus,
Pratylenchus, Xiphinema ve Criconema sirasiyla
%62 ile %46, %16 ve %18 ve %2 oraninda
tespit edildigini bildirmislerdir.

Diinya genelinde kok urnematodlart fistik
agaclarin1 etkileyen baslica zararlilar arasinda
yer almaktadirlar. Iran'n hemen hemen tiim
fistik {ireten Dbolgelerinde verim azalmasina
neden oldugu bildirilmektedir (Fatemy, 2009).
Cogu anacin kok ur nematodlarina duyarliligi,
nematisitlerin kullanimindaki sinirlamalar, genis
konukeu yelpazesi ve zayif miicadele onlemleri,
fisttk  endiistrisindeki  ekonomik kayiplari
artirmigtir.  Fistik  bahgelerinde en yaygin
nematodlarin M. javanica ve M. Incognita tiirii
oldugu bildirilmistir (Fatemy, 2009). Fistik

gesitlerinin  k6k ur nematodlarina  Kkarsi
dayaniklilik  seviyeleri ~ Khanjari-Rafsanjan,
Ghazvini, Sarakhs, Fandoghi ve
Badamigesitlerinde  sirasiyla  azalmaktadir
(Madani ve ark., 2012).

Ulkemizde  fisuk  anacglarmin  kok  ur

nematodlarina karsi duyarli veya dayanikliligi
konusunda c¢alisma bulunmamaktadir. Fistik
alanlarinda  yeterli ¢alisma  olmadigindan
nematod sorunu tam olarak bilinmemektedir.
Fistik alanlarinda sulama ile birlikte bitki

koruma sorunlar1 ortaya ¢ikacaktir. Bu
calismada Silifke Meslek Yiiksekokulu’nda Siirt
fistig1 tohumundan yetistirilen fistik anacinin M.
incognita  ve M.  javanica’ya  Kkarsi
dayanikliliklarint =~ belirlemek  ve fistik
alanlarinda nematod sorunu ile karsilanacak
problemlere  farkindalik  olusturmak  ig¢in
yapilmustir.

Materyal ve Metot

Fisitk anacit olarak kullanilan Siirt Fistig
tohumu Siirt ilinden getirtilmistir. Bu tohumlar
Silifke  Meslek  Yiiksekokulu’'nda  fidan
posetlerine ekilmistir( Sekil 1). 2020 yilinda
denemede kullanilan  Kok-ur  nematodlar:
(M.incognita ve M. javanica) hassas oldugu
bilinen domates bitkisinde tiretimi saglanmistir.
Kok-ur nematodunun iretildigi bitki
koklerinden, stereo binokiiler altinda yumurta
paketleri ¢ikartilarak gelistirilmis Baermann-
huni yontemine goére 2. donem larvalar elde
edilmistir. Denemeler, bitkiler yaklasik 15-25
cm boyuna ulastiklarinda tesadiif parselleri
deneme desenine gore 7 tekrarli olarak
kurulmustur. Fistik fidanlarinin dort tarafina
acillan 2 cm toprak derinligine her bir posete
ortalama 1000 adet olacak sekilde 2. dénem
larva  inokulasyonu  yapilmustir.  Deneme
nematod inokulasyonundan 60. giin sonra
degerlendirilmistir.  Bitki  koklerinde  kok
urlanma orami iizerinden degerlendirilmistir.
Bitkilerin dayaniklilik veya duyarlilik durumlari,
kok ur nematodlarinin bitki koklerinde ur ve
yumurta olusturmasina baghdir. Kok ur
nematodu bitki koklerinde ur olusturabilir. Fakat
iyi konukcusu olmadigi durumlarda yumurta
iretmeyebilir. Bu nedenle, bitki kokleri Hartman
ve Sasser (1985) tarafindan olusturulan “0-5
yumurta kesesi ve ur sayisi skalasina” gore
degerlendirilmistir.

Cizelge 1. Hartman ve Sasser (1985) tarafindan olusturulan “0-5 yumurta kesesi ve ur sayisi skalasi

Skala

Yumurta Kesesi ve Ur Sayisi

0 Kokte yumurta kesesi ve ur olusumu yok

Kokte 1-2 yumurta kesesi ve ur olusumu var

Kokte 3-10 yumurta kesesi ve ur olusumu var

Kokte 11-30 yumurta kesesi ve ur olusumu var

Kokte 31-100 yumurta kesesi ve ur olusumu var

QB |WIN|F

Kokte 100°den fazla yumurta kesesi ve ur olusumu var

Degerlendirme
urlanma orani

sonucuna  gore;  koklerde
0-2 degerini alan bitkiler
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dayanikli, 3-5 degerini alan bitkiler ise hassas
olarak belirlenmistir. Posetteki topraklardaki
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nematod sayilar1 100 g tartilarak gelistirilmis
Baermann-huni yontemine gore elde edilerek

-
Sekil 1. Fistik fidanlar

Bulgular ve Tartisma

Bu c¢alismada denemeye alinan Siirt fistik anaci
M. incognita ve M. javanica’ya karsi hassas
oldugu tespit edilmistir. Siirt fistik anacinin kdk
ur nematodlart M. incognita ve M. javanica’ya
kars1 urlanma orani ortalamasi sirasiyla 3,1-3,4
olarak tespit edilmistir(Sekil 2). Bitki koklerinde
kok wur nematodlarinin taze koklerde ur
olusturduklar1 gorilmiistir. Bu bitkiler ile
deneme kurulacagi donemde bitkinin biiylidiigi
taze koklerin olustugu donemlerde deneme
yapilmasimin daha dogru sonuca varilacagi
goriilmiigtiir. Topraktaki nematod yogunlugu 0-
40 adet arasinda kok ur nematodu larvasi tespit
edilmistir.

Diinya genelinde yapilan ¢aligmalarda fistik
yetistiriciliginde  kullanilan  anaglarin =~ M.
incognitave M. javanica tiirlerinin her ikisine de
duyarli oldugunu, Meloidogyne tiirlerinin neden
oldugu diinya capinda fistigin tahmini {iretim
kayiplar1 118 milyon ABD dolar1 oldugu
bildirilmistir (Koenning ve ark. 1994). Iran’da
M. incognita ve M. javanica’nin fistik koklerine
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sayimlar1 yapilmigtir.

saldirdigi rapor edilmistir (Abivardi ve ark,
1979; Akhiani ve ark, 1986; Banihashemi ve
Kheiri, 1995; Kargar, 1989;Mojtahedi ve
Barooti, 1976; Madani ve ark., 1988). Bu M.
incognita ve M. javanica tiirlerinin ayrica
California’daki fistik koklerinde de tespit
edildigi bildirilmistir (McKenry ve Kretsch,
1984). Yapmis oldugumuz g¢alisma daha Once
yapilan c¢alismalar ile paralellik gosterdigi
saptanmistir.

Tarimda kullanilan  y6netim uygulamalari
ekolojik olarak saglam olmali ve bitki paraziti
nematod popiilasyonlarin1  ekonomik zarar
esiginin altinda tutabilecek bir toprak besin agini
desteklemelidir ~ (Stirling, 2014). Biyolojik
cesitliligi, tretkenligi ve canlili@i yonetmek,
siirdiiriilebilir bir tarimin 6ziidiir (Lewandowski
ve ark., 1999). Bu nedenle, zararli y6netimi
uygulamalari, toprak sagliginin
stirdiiriilebilirliginde 6nemli bir rol oynayan
toprak organizmalarimi korunmalidir (Stirling,
2014).
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Sonug olarak iilkemizde ilk defa bu ¢alisma ile
fistik anaci olarak kullanilan siirt fistig1 anacinin
kok ur nematodlarma M. incognita ve M.
javanica’ya kars1 hassas oldugu tespit edilmistir.
Bundan dolay1 dikilecek fidanlarin
nematodlardan ari olmasina dikkat edilmelidir.
Bahge tesisi yapilacak arazilerde de daha 6nce
sebze, bag gibi kok ur nematodunun konukgusu
olan bitkiler yetistirilmemis olmasina dikkat
edilmelidir. K6k ur nematodlarma dayanikli
ana¢ varsa tercih edilmelidir. Diinyada kok ur
nematodlarina dayanikli olarak UCB fistik anaci
bilinmektedir. UCB fistik anacit Phytophthora,
nematod, tuzluluga ve soguga dayanikli c¢ok
kuvvetli bir anactir. Fistik anac1t UCB California
Universitesi Bitki Patolojisi Béliimii'nden Lee
Ashworth tarafindan gelistirilmistir. UCB fistik
anaci P. atlantica x P. integerrima melezi bir
anagtir. Her iki ebeveyn de homozigottur ve en
az degiskenlik gosteren hibrit fidanlar iiretir. Bu
anacin toprak kokenli patojenlere dayaniklilik
saglamasi fistik yetistiriciliginde biiyiik avantaj
saglamaktadir. Yurtdisinda dayanikli anaglarin
iilkemize getirildiginde yerlinematod tiir ve
irklarma  dayanikliligi,  iklim  kosullaria
uyumlulugu denemeleri yiiriitiilmelidir. Yiiksek
sicaklikta dayaniklihgin kirilip kirmadigi gibi
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: .\v li“ V'l.‘,‘f.
Sekil 2. Fistik koklerinde Kokur nematodlart Meloidogyne incognita ve Meloidogyne javanica’nin
koklerde olusturdugu urlar

denemelerin yiiriitiilmesinde fayda vardir. Fistik

bahgeleri igerisine kok ur nematodlarin
konukg¢usu olan sebze vb bitkiler
dikilmemelidir. Fisttk  bahgesi  sulamalari

sirasinda su kok ur nematodunun olabilecegi
sebze alanlarindan gegirilmemelidir. Yeni bahge
tesisinde fidanlar dikimden O©nce mikoriza,
Thirochoderma, yararli bakteri gibi faydali
mikroorganizma ugulamalariyapilmalidir. Bu
etmenler fidanlar1 daha saglikli olmasim
saglayarak toprak patojenlerine karsi bitkilerin
dayamkliliklarmi  artirmaktadirlar(Ozarslandan,
2019; 2020; Celik, 2019, 2020). Bundan sonraki
calismalarda yerel anaglarin kok ur nematoduna
kars1 dayanikliliklar fistik yetistiriciligi yapilan
yiksek sicakligin oldugu alanlarda ve yaz
aylarinda denemeler yapilmalidir.
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Atik Su Aritma Sisteminin Performansina Sicakhik, Kimyasal ve Biyolojik Etmenlerin
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Calisma, Adiyaman ilinde 2016 yilinda kurulan “Adiyaman Atik Su Aritma Tesisinde 2017 ve 2018 yillarinda
yiriitiilmistir. Calismanin ytiriitiildiigii Atik Su Aritma Tesisi, Atatiirk Baraji’na desarj edilen atiklar, aritma
islemine tabi tutularak, baraj goletinin kirlenmesinin dniine gegmek amaciyla kurulmustur. Calismada aritma
sistemine giren ve ¢ikan suyun sicaklik, elektriksel iletkenlik (ECw), pH, askida kati madde (AKM), kimyasal
oksijen ihtiyac1 (KOI) ve biyolojik oksijen ihtiyaci (BOIs) degerlendirilmistir. Calisma sonunda, tesiste aritma
yapilan suyun ilk yil ortalama 15.7 °C £ 2.00, ikinci yilinda 14.7 °C + 1.80 degerinde oldugu belirlenmistir.
Tesis aritiminda “Biyolojik Aritma” prosesi uygulandigindan mikroorganizmalarin faaliyetlerinin istenilen
sicakliklar arasinda oldugu ve su sicakhignin elektriksel iletkenligi {izerinde kimi zaman etkili oldugu
belirlenmistir. Aritma tesisinden ¢ikip Atatiirk Baraj goliine desarj edilen sularin her iki y1l iginde II. Stnif sular
smifindadir. 2017 yilinda sistemden ¢ikan suyun pH’inda %3.3’liik, ECw’de %10.8’lik, AKM’de %95.3’liik,
KOI’de %94.9’luk ve BOIs’de %93.5°lik diisiis belirlenirken, 2018 yilinda sistemden ¢ikan suyun pH
degerlerinde %4.7’lik, ECw’de %15°lik, AKM’de %93.5°lik, KOI’de %94.4°liik, BOIs’de %94.1°lik diisiisler
gerceklesmistir. Attk Su Aritma Tesisi Atatiirk Baraj goéletinin kirlenmesinin oniine ge¢mek amaciyla
kurulmasina ragmen bdlgede mevcut tarim alanlarinda tesisten desarj edilen sudan yararlandig: fakat kontrolsiiz
sulama yapildigindan bitki verimine negatif etki edebilecegi dikkate alinmalidir.

Anahtar Kelimeler: Adiyaman, elektriksel iletkenlik, askida kati madde, kimyasal oksijen ihtiyaci, biyolojik
oksijen ihtiyaci.

Effects of Temperature, Chemical and Biological Factors on Wastewater Treatment Plant System
Performance
Abstract

This study was conducted in 2017 and 2018 years in Adiyaman Wastewater Treatment Plant. In this study the
temperature, electrical conductivity (ECw), pH, suspended solids, chemical oxygen demand (COD), biological
oxygen demand (BODs) of intake and outlet water was evaluated. At the result of the study, temperature values
of plants was compared for two years and the temperature is to be identified 15.7 °C+2 for 2017 and 14.7
°C+1.8 for 2018. Biological treatment is used in plant and the activity of the microorganism was appointed in
intended temperature. In this study, water temperature was affected on electrical conductivity The waters
discharged from the treatment plant into the Atatiirk Dam was classified as second class waters in every two
years. In 2017, a decrease of 3.3% in the pH of the water leaving the system, 10.8% in ECw, 95.3% in AKM,
94.9% in COD and 93.5% in BODs was determined. Also, decreases of 4.7% in ECw, 15% in ECw, 93.5% in
AKM, 94.4% in COD and 94.1% in BODs were observed in 2018. Although the Waste Water Treatment Plant
was established to prevent pollution of the Atatiirk Dam pond, it should be taken into account that the existing
agricultural areas in the region benefit from the water discharged from the plant, but due to uncontrolled
irrigation, it may have a negative effect on plant yield.

Keywords: Adiyaman, electrical conductivity, suspended solids, chemical oxygen demand, biological oxygen
demand.
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¢ikmaktadir. Ayrica, diinyadaki igilebilir su
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nedenlerle tathh su arz talep dengesi olumsuz
yonde  bozulmaktadir.  Canli  hayatinin
stirdiiriilebilmesi i¢in suyun vazgecilmez olmasi
nedeniyle ¢evre kirlenmesi problemleri igerisinde
su kirliligi 6nemli bir yer tutmaktadir. Birlesmis
Milletler, 2025 yillarinda diinyada yaklasik 2.7
milyar insanin ciddi bir su sikintisiyla karsi
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karsiya kalacagim tahmin ederek, iilkeleri yeni su
yoOnetimi stratejilerini gelistirilmesine
zorlamaktadir  (Yilmaz, 2015). Sirli su
kaynaklar1 ve artan su talepleri karsisinda atik
sularin geri kazanilmasi ve yeniden kullanilmasi
konusu, sadece yogun kentsel alanlarda degil,
ayni zamanda kirsal alanlarda da 6nem kazanarak
yayginlasmaktadir (Ustiin ve Solmaz, 2008).
Atik sularin aritilmasi ve geri kazanilmasindaki
amag, var olan su kaynaklarini korunumu ve
temiz su kaynaklari iizerine diisen yiikiin
azaltilmasidir. Atik sularin geri kazanilmasi ve
yeniden kullanilmasinda atik suyun belli
standartlara getirilmesi ve belli parametrelerin
g0z oniinde tutulmasi gerekmektedir
(Biiyiikkamacti, 2009). Bu konuda, Ekka ve ark.
(2006) Amerika’da bulunan Ozark akarsuyuna
akarsu su hacminin 57 kat1 kadar ortalama desarj
oldugu ve akarsu hacminin %90’ min aritilms
sudan olustugunu belirtmislerdir. Graham ve ark.
(2010), Amerika’daki Blue nehrinin toplam yillik
akis hacmine Blue River Atik Su Artma
Tesisinde aritilarak desarj edilen aritilmig suyun
katkis1 kurak yillarda %14 iken, yagish
zamanlarda %4.6 oldugu goériilmiistiir Karatas ve
ark. (2005), Izmir ilinde olusan evsel ve
endistriyel nitelikli atik sularin aritildiktan sonra
denize desarj edilmesi yerine Menemen
Ovasinda sulama suyu olarak kullanilabilirligini
incelemislerdir. Calisma sonucunda, Izmir
kentsel aritilmis atik suyunun, toplam tuz,
Elektriksel iletkenlik (EC),Coziinmiis Kati
Madde (CKM), Sodyum Adsorpsiyon Oram
(SAR), Degisebilir Sodyum Yiizdesi (DSY) ve
Klor (CI) agisindan bir¢ok bitkinin tolerans
sinirint astigl ve dolayistyla mevcut durumuyla
bu sularin sulamada kullanimimin miimkiin
olmadigin1 belirtmislerdir. Asik ve Katkat
(2005), Bursa’da bulunan bir gida sanayi aritma
tesisi atik suyunun sulama suyu olarak kullanim
olanagimi belirlemek amaciyla yapilan analizler
sonucunda, atik suyun zamana bagl olarak C3S;
(yiiksek tuzlu) ve C4Sz (cok yiiksek tuzlu) sulama
suyu siniflarina girdigi belirlenmistir. Sonug
olarak analizleri yapilan atik suyun yiliksek ve
yiiksek tuzluluk tehlikesine sahip su olmasi
ayrica sulama suyunun C3S; ve C4S; smifina
girmesi nedeniyle sulama amagli kullanilmak
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istenmesi halinde dikkatli olunmasi gerektigini
belirtmislerdir.

Calismanin  yiiriitiildiigli Adiyaman ilinde
niifusun artigim1  ve bununla beraber su
kaynaklarinin geri kazanilmasit ve yeniden
kullanilmast  konusu  6nem  kazanmustir.
Adiyaman’ da 2007 yili i¢in tiiketilen su miktari
92 L/kisi-giin olarak belirlenmistir. Bu miktarin,
yasam standardinin yiikselmesine paralel olarak,
2040 yilinda 120 L/kisi-giin’e  ¢ikacagi
ongoriillmektedir. Gelecekte artan niifusla birlikte
kirletici unsurlarin artacagi, su kaynaklarinin
azalacag1 beklenmektedir. Ayrica bolge ve canli
fauna i¢in Onem tagiyan Atatiirk baraj gdliiniin
kirligi her gecen giin Onemli olmaktadir.
Calismanin yiiriitiildiigii Attk Su Aritma Tesisi
Atatiirk Baraji’na desarj edilen atiklar, aritma
islemine tabi tutularak, baraj goéletinin
kirlenmesinin 6niine gegilmesi amaglanmustir.

Materyal ve Yontem

Calisma Adiyaman ilinde 2016 yilinda %385
Avrupa Birligi (AB) hibesi, %6 Cevre ve
Sehircilik Bakanligi ve %9 Belediye biitcesiyle
kurulan Adiyaman Atik Su Artma Tesisinde
yiirtitiilmistiir. Calismanin yiirtitiildiigi Atik Su
Aritma Tesisi Atatlirk Baraji’na desarj edilen
atiklar, aritma islemine tabi tutularak, baraj
goletinin kirlenmesinin oniine gegmek amaciyla
kurulmustur. Tesisin giinliikk kapasitesi 32808
m?3/giin, maksimum akis1 2878 m3/h, tasarlanan
akis 2135 m%h ve minimum akis 858 m%h’dir.
Calismanin yiiritiildigi Atik Su Aritma Tesis
proje alani, harita ve konum olarak Adiyaman Ili
Merkez Bahgecik mahallesi Sehir Cayi
mevkiinde, 10.2 ha’lik bir alan {zerine
kurulmustur (Sekil 1). Kentin 6nemli g¢evresel
sorunu ve Atatiirk Baraj gol kirliligini énlemek
amaciyla Sitilce mevkiinde kurulan aritma tesisi;
4 pompa istasyonu, kolektor toplayici hatlar,
biyolojik aritma yapilan alani ve aritilan suyun
Atatiirk baraj goletine desarjim1  saglayan
kisimlardan olugmaktadir. Calismanin
yiirttildigi Atik Su Aritma tesisinde aritilan
sular, Adiyaman ilinden kullanilan evsel sulardan
elde edilmektedir.
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Sekil 1. Harita ve konum olarak Adiyaman Atik Su Aritma Tesisinin gosterimi

Atik su tesisinden aritilan sular Atatiirk Barajina
dokiilen desarj deresiden Atatiirk Baraj Golii'ne
desarj edilmektedir. Dogal tiirlerin en yogun
olarak bulundugu bu desarj noktasi, delta
Ozelligine sahip olup oOzellikle sucul fauna
unsurlar1 acisindan oldukga 6nemli bir habitat
haline gelmistir ve sucul fauna tiir cesitliligi
acisindan onemli bir alandir. Kirlilikten dolay1
desarj alaninda otrofikasyon hatta piitrifikasyon
(kokusma) etkisi ve aritilan sularin gol {izerindeki
olumlu yonleri c¢aligmada dikkate alinmistir.
Calismada aritma tesisinin  arttim  ¢ikig
noktasinda su drnekleme noktasi olusturulmus ve
donemsel olarak 6rnekleme noktalarindan sular
almarak tesis i¢indeki laboratuvarda kimyasal ve
fiziksel 6zellikler analiz edilmistir.

Calismada kullanilan atik su 6rnekleri Adiyaman
Atik Su Aritma Tesisinden Ocak 2017 yilindan
Aralik 2018 yilina kadar aylik donemlerde aritma
tesisinin giris ve c¢ikisindan debi ile orantili
olarak 2 saatlik kompozit numune olarak
almmustir. Alman su Ornekleri tesisi igerisinde
kapali plastik siselerle getirilerek, pH, ECy,
AKM, KOI ve BOIs belirlenmistir. pH ve ECy
Milwaukee Mw802 &lciim aleti ile, KOI
Olgiimleri Hach Lange DR3800 model
spektrofotometreyle, BOIs &lgiimleri ise Aqua
Lytic AL606 BOI cihazi ile yapilmistir. AKM
analizinde ise standart metotlar uygulanmistir
(APHA, 1998). Calismanin yiirttiildigi atik su

aritma tesisinde desarj sularinin
degerlendirilmesi i¢in 20748 sayili Resmi
Gazetede yaymlanan Su Kirliligi Kontroli

Yonetmeligi (SKKY-2004) (ResGaz, 2004) ve
Kentsel Atk Su Antimi Direktifi (KAA
Direktifi-2006)  (ResGaz, 2006) standart
degerleri dikkate alinmstir.
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Bulgular ve Tartisma

Suyun Sicaklik Degerleri

Calismada elde edilen veriler sonucunda 2017
yilt i¢in ortalama en diisiik su sicaklik degeri
Kasim ayinda (11.1 °C + 1.65) ve en yiiksek su
sicaklik degeri ise Temmuz ayinda (25.3 °C +
1.06) olglilmiistiir. Calismanin ikinci yili olan
2018 yil1 i¢in ortalama en diisiik sicaklik degeri
Subat ayinda (12.1 °C £ 2.58) ve en yiiksek su
sicaklik degeri ise Eyliil ayinda (18.0 °C £+ 1.50)
Ol¢iilmiistiir (Cizelge 1). Suyun sicaklik degerleri
attk su  antiminda  faaliyet  gosteren
mikroorganizmalar i¢in énemli bir parametredir.
Su sicakligi oksijenin sudaki ¢oziiniirliigli basta
olmak tiizere diger tiim su kalite 6zelliklerinin
birbiriyle etkilesimini belirler. Yiiksek su
sicakliklar1 daha ¢ozlinmiis oksijen igerirken su
sicakligi arttikga amonyak ve agir metallerin
toksik etkisi artar. Diisiik sicaklik degerlerinde
ise  mikroorganizmalarin  metabolizmalarini
etkilemektedir. Ayrica, su sicakligi ve iyonlarin
derigimi elektriksel iletkenligi etkilemektedir.
Sudaki iyonlarin derisimi arttikca elektriksel
iletkenlik de artar, dolayisiyla elektriksel
iletkenlik 6l¢iimleri sudaki toplam iyon derisimi
hakkinda iyi bir gostergedir (Asano ve ark.
1985). Her iki yillin sicaklik degerleri
karsilastirildiginda tesisin ilk y1l ortalama 15.7 °C
+ 2.00, ikinci yilinda 14.7 °C £ 1.80 degerinde

oldugu belirlenmistir  (Cizelge 1). Tesis
aritiminda  “Biyolojik  Aritma”  prosesi
uygulandigindan mikroorganizmalarin
faaliyetlerinin istenilen sicakliklar arasinda

oldugu saptanmistir. Calismada su sicakliginin
elektriksel iletkenligi {izerinde kimi zaman etkili
oldugu gorilmiistiir. Ayrica elde edilen su
sicaklik verileri standart sinirlar arasinda oldugu
belirlenmigtir.
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Aritma Tesisine Giren ve Cikan Suyun pH ve
Elektriksel iletkenlikteki Degisim

Calismada 2017 yil1 i¢in sisteme giren suyun pH
degeri 7.16-7.88 arasinda degisirken; sistemden
¢ikan suyun pH degerinin ise 6.75-7.75 arasinda
degistigi belirlenmistir. Sisteme giren ve g¢ikan
suyun pH degerlerinde %3.3’liik diisiisiin oldugu
hesaplanmustir. ikinci yilda sisteme giren suyun
pH degerleri 7.26 ile 7.71 arasinda degisirken;
sistemden ¢ikan suyun pH degeri 6.82-7.46
arasinda oldugu ve pH degerinin yillara gore
%4.7 oraninda diistiigii belirlenmistir (Cizelge 2).
Su kiitlesinde pH diizeyi mevsimlere ve giiniin
farkli zaman dilimlerine gore degisim gdsterir.
Fitoplankton ile yiliksek yapili sucul bitkiler
fotosentez sirasinda sudaki karbondioksiti
kullandiklarindan sularm pH degerleri giindiiz
yiikselir, gece ise diiser. Ayrica, sucul ortama
ilisgkin  degisikliklerde (kirlenme, solunum,
organik madde par¢alanmasi vb.) pH
degerlerinde degisime yol acgar (Lawson, 1995).
Calisma sonucunda suyun pH ve sicaklik
degerine gore bazik durumda amonyumun
amonyaga donligmesi neticesinde suyun pH
degeri zamanla azaldigi saptanmustir. Yukarida
Ozetlenen arastirma sonucunda calismada pH
degisimlerinin mevsim durumundan etkilendigi
ve donem igerisinde degiskenlik gosterdigi
belirlenmistir.

Bitki su ihtiyacinin karsilanmasinda, suyun
miktarinin yeterliligi yaninda kalitesinin de
sulamaya  uygunlugu Onemlidir.  Cozelti
icerisindeki tiim anyon ve katyonlar olusturdugu
etkiye “ozmotik etki” denir. Tuzlar c¢ozelti
igerisinde olusturdugu basinca “ozmotik basing”
denir. Bu basing bitkinin kokleri ile topraktan
suyu alirken yenmek =zorunda oldugu bir
kuvvettir. Yiiksek tuzluluk bitki fizyolojik
kurakligina neden olmaktadir. Bu etki verimde ve
irin kalitesinde azalmaya neden olmaktadir.
Sulama suyunda elektriksel iletkenlik en basit
anlatimla, bir su kaynaginin toplam tuzlulugunu
gosteren terimdir. Bundan dolay1 sulama
sularmin elektriksel iletkenlik degerleri 6nemli
bir parametredir. Calismada elde edilen veriler
sonucunda 2017 yili i¢in sisteme giren suyun
elektriksel iletkenlik degerleri (ECw) 605 ile 922
dS/m ve sistemden ¢ikan suyun iletkenlik degeri
518 ile 779 dS/m arasinda degistigi belirlenirken,
sisteme giren ve ¢ikan suyun ECy degerlerinde
%10.8’lik diisiis saptanmustir. Ikinci  yilda
sisteme giren suyun ECy degerleri 592 ile 716
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dS/m (y1llik ortalama 648 dS/m) ve sistemden
cikan suyun ECy degeri 452 ile 585 dS/m
arasinda (yillik ortalama 551 dS/m) degisim
gostermis, %15 diislis hesaplanmustir (Cizelge 2).
Elektriksel iletkenlik genellikle dogal sular
icerisinde iyonize olmus bilesenlerin toplam
degisimlerini  gostermede  kullanmilan  bir
parametredir. Elektriksel iletkenlik degerleri
sicakliga bagli olarak degismektedir. Yaklasik
1.0 °C sicaklik artmasi veya azalmasi elektriksel
iletkenlik degerini %2 etkilemektedir (Bower ve
Wilcox, 1965). Calisma sonunda, her iki yilda da
giren ve cikan suyun ECy, degerlerin hava
sicakliklarindan etkilendigi ve aragtirmacilarin
bulgulartyla oOrtiistiigi  sOylenebilir. Atik su
aritma tesisleri teknik usuller tebliginde sulama
sularm ECy degerleri 3 smmf altinda
degerlendirilmistir. Kullanimda zarar derecesi
olmama durumunda I. sinif sulama suyu, az ve
orta ise Il. smif sulama suyu ve sulamada
kullanim1 sakincali ise IIl. sinif sulama suyu
olarak simflandirilmistir. Calisma sonunda
sistemden ¢ikan ve Atatiirk Baraj goliine desarj
edilen sular Il. sinif sular olup, sulama agisindan
kullanilabilen sulardir.

Askida Kati Madde Miktarindaki Degisim

Gollerde goriinen ana su kalite sorunlarindan biri
otrofikasyon, ozellikle gollerde besin
zenginlesmesi ve sonugta asir1 miktarda organik
madde tretim siireci i¢in kullanilan bir terimdir.
Sucul ekosistemleri biinyesinde barindiran
akarsu havzalar1 tim canli organizmalar gibi
cevresel etkilerden olumsuz yonde
etkilenebilmektedirler. Yiiksek miktarda askida
kat1 madde (AKM) tastyan akarsularda su kalitesi
ve canlilarin yagam kalitesini azaltmaktadir
(Koralay ve ark., 2014). Fiziksel bir kirletici
olarak AKM miktarinin artmasi suyun kimyasal,
fiziksel ve biyolojik 6zelliklerini olumsuz yonde
etkilemektedir. AKM, bir akarsuda dogrudan
kirlilik olusturdugu gibi icerigindeki kimyasal ve
biyolojik maddelerle de dolayli olarak suyun
kirlenmesine neden olmaktadir. Bunun yan sira,
AKM’ler suyun kullanim amaglarini kisitlamakta
ve akarsularin denizlere baglanan boélgelerinde
basta gorintii kirliligi olmak iizere birgok
olumsuz durumun ortaya ¢ikmasina neden
olmaktadir (Uslu ve Tiirkmen, 1987). Organik ve
inorganik maddelerden olusan AKM’lerin
iceriginin ve miktarlarinin bilinmesi, bir sucul
ekosistemlerde yasayan organizmalar iizerinde
ciddi tehdit olusturan kirlilik kaynaklarinin
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tespitinde yol gosterici olabilir (De Madron ve
ark., 1990).

Sisteme giren suyun 2017 yili igin AKM
degerlerinin 87.74 - 290.13 mg/L ve sistemden
cikan suyun AKM degerleri 3.42 - 22.74 mg/L
arasinda degistigi belirlenirken, sisteme giren ve
citkan AKM degerinde %95.3°liik bir diisiis
saptanmistir. Ikinci yilda sisteme giren suyun
AKM degerleri 67.58 - 153.19 mg/L ve
sistemden ¢ikan suyun AKM degeri ise 4.21-
10.50 mg/L arasinda ve AKM degerlerinin yillara
gore degisim oraninda %93.5°lik bir diisiis
belirlenmistir (Cizelge 2). AKM’nin yiiksek
olmas1 canlilarm gelisimini engelleme, sudaki
¢Oziinmiis Oz miktarim1 diisiirme ve Kkoti
kokularmm olusumu gibi olumsuz etkiler
olusturabilmektedir (Ozyurt ve ark., 2004).
Ayrica, yagis ile AKM arasinda bir iliskinin
oldugu bilinmektedir (Boran ve Sivri, 2001).
Calismada sistemin baslangicindaki atik suyun
AKM degerlerinin yiiksek olmas1 bolgede arazi
kullaniminin  yiiksek olusu, yasayan insan
popiilasyonun fazla olmasi, yillik yagis rejiminin
degiskenlik gostermesi ve Sitilce deresine
istenilmeyen insan faaliyetlerinden  (¢Op
bosaltim, kanalizasyon atiklar1 vb.)
kaynaklandig1 soylenebilir. Calisma sonunda
sisteme giren yiiksek AKM miktarlariin her iki
yilda da sistem ¢ikisinda diistiigii belirlenmis ve

sonucta aritma  tesisinin  etkin  c¢alistig1
sOylenebilir.
Kimyasal Oksijen Thtiyacn ve Biyolojik

Oksijen Ihtiyaci (BOIs)

Calismanin yiiriitiildiigi yillara ait Kimyasal
Oksijen Ihtiyac1 (KOI) degerleri Cizelge 2’de
gosterilmistir. Caligmada elde edilen veriler
sonucunda 2017 yili i¢in sisteme giren suyun
KOI degerleri 252.00 ile 540.33 mg/L ve
sistemden ¢ikan suyun KOI degeri 14.82 ile
29.59 mg/L arasinda degismis, sisteme giren ve
¢ikan suyun KOI degerlerinde %94.9’luk bir
diisiisiin  oldugu hesaplanmistir. Ikinci yilda
sisteme giren suyun KOI degerleri 166.19 ile
378.70 mg/L (yillik ortalama 276.64 mg/L) ve
sistemden ¢ikan suyun KOI degeri 12.23 ile
24.60 mg/L arasinda (yillik ortalama 15.36 mg/L)
belirlenmis, aritma tesisinden ¢ikan suyun KOI
degeri karsilastirildiginda giris suyunun KOI
degerine gore %94.4 oraninda bir disis
saptanmustir (Cizelge 2).
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Kimyasal Oksijen Ihtiyact (KOI), su igindeki
organik maddelerin tamamen oksitlenmesi i¢in
gerekli olan oksijen miktaridir. Oksijen, esas
olarak sudaki karbonlu maddeler, okside olabilen
azot ve oksitlenebilen kimyasal bilesikler olmak
iizere 3 grup madde tarafindan tiiketilir. Yiizey
sularinda KOI konsantrasyonlar: temiz sularda
20 mg/L oksijen ile daha diisiik olabilirken atik
sularin desarj edildigi alict sularda 200 mg/L
oksijenden daha yiiksek saptanabilir (Chapman,
1996). Calisma elden veri sonuglarina gore atik
Su aritma sistemin etkin calisigi ve KOI
degerlerinin “Su Kirliligi Kontrolii Y&netmeligi”
ve “Kentsel Atik su Aritimi Direktifi” standart
degerlerine uyum gosterdigi belirlenmistir.
Yiizey sularinda gbzlenen KOi
konsantrasyonlari, kirlenmemis sularda 20 mg
/L, attk sularda 200 mg/L degerlerinin
tizerindedir. Endiistriyel atiksular, 100 mg/L ile
60.000 mg /L degisen KOI degerlerine sahip
olabilir (Chapman, 1996). Calismada, atiksular
i¢in belirlenen KOI degerleri Chapman (1996)’da
belirtigi sinir degerlerinde oldugu belirlenmistir..

Kullamlmis ve yiizeysel sularin organik
kirliliginin  olglilmesinde en yaygmn sekilde
kullanilan parametre “Biyolojik Oksijen Ihtiyaci
(BOIs)’dir.  BOIs  kullanilmis  sulardaki
yiikseltgenebilen organik maddelerin aerobik
kosullarda stabilizasyonu i¢in gereken molekiiler
oksijen miktar1 veya diger bir degisle su i¢cindeki
mikroorganizmalarin ~ canliliklarini ~ devam
ettirebilmeleri i¢in gerekli oksijen miktar1 olarak
tanimlanir. Caligsmanin yiriitildigi yillara ait
BOIls degerleri Cizelge 2  gdsterilmistir.
Calismada elde edilen veriler dogrultusunda
2017 yili igin sisteme giren suyun BOIs degeri
122.67-261.09 mg/L ve sistemden ¢ikan suyun
BOIs degeri 4.33-25.55 mg/L arasinda degistigi
belirlenmistir. Sisteme giren ve gikan suyun BOls
degerleri karsilastirldiginda yiiksek oranda BOIs
degerlerinin distigi (- %93.5) belirlenmistir.
Ikinci yilda sisteme giren suyun BOIs degerleri
81.60 ile 175.50 mg/L ve sistemden ¢ikan suyun
BOIs degeri 5.44-712.33 mg/L arasinda oldugu
bulunmus, BOIs degerinin yillara gére %94.1 bir
diisiis belirlenmistir (Cizelge 2). BOIs ve KOI
degerleri tesis tasariminda 6nemli iki parametre
olup, genelde KOI degeri BOIs degerinden daha
yiiksektir. Kirlenmemis sularin BOIs degeri
genellikle <2.0 mg/L oksijen, atik sularin desarj
noktasina yakin alicit sularda ise >10.0 mg/L
oksijen olabilir. Aritim seviyesine bagli olarak
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islem gérmiis atik sularin BOIs 20-100 mg/L
oksijen arasinda degisirken, ham atik su degeri
yaklasik 600 mg/L oksijen icerir (Chapman,
1996). Calisma sonucunda Atatiirk Baraj goliine
desarj edilen suyun BOIs degerlerinin Chapman
(1996)’da  rapor ettigi smir degerleriyle
karsilastirldiginda kirli olmayan su smifinda
oldugu goriilmektedir.

Sonuclar ve Oneriler

Gliniimiizde giderek o6nem kazanan dogal
cevrenin korunmasi, atik sularin biiyiik olgiide
cevre ile uyumlu hale getirilerek bilingli bir
sekilde kullanimi ile miimkiindiir. Cilinkii atik

sularin  yeni  kirliliklere  yol  a¢madan
degerlendirilebilmesi ekosistemin
siirdiiriilebilirliginin  6n kosuludur. Ozellikle

kanalizasyon atik sularindaki farklilagsma ve artis,
yasanan bdlgeleri tehdit etmeye baslamistir. Bu
nedenle 6zellikle 20. yiizyilin ilk baglarinda atik
su aritma tesisi c¢aligmalart baslamig ve atik
sularin aritiminda yer, iklim, enerji maliyeti gibi
etkenlere bagli olarak pek ¢ok aritma sistemi
gelistirilmistir.  Bu etki verimde ve {iriin
kalitesinde azalmaya neden olmaktadir. Bundan
dolay1 sulama sularinin elektriksel iletkenlik
degerleri 6nemli bir parametredir. Calismada
elektriksel iletkenlik degerlerinin sicakliga bagh
olarak degistigi ve iklim kosullarinin aritmadaki
sularin ECy degerlerini etkiledigi belirlenmistir.
Gelecekte beklenen iklim degisimine uyumlu
biyolojik aritma tesislerinin  olusturulmasi
gerekir. Alici su kaynaklarina ulasan amonyak
azotu deniz ortaminda deniz canlilarinda, gol
ortaminda gdl canllarinda ve diger su
ortamlarinda  yagayan canlilarda biyolojik
birikime neden olmaktadir. Calismada 6zelikle
azot formlarmin aritmada etkin aritilmadigi ve
sinir degerlerinin istiinde oldugu belirlenmistir.
Bundan dolay1 Atatiirk Barajia desarj edilirken
bu kriterin dikkate alinmasi gerekli oldugu
Onerilebilir. Giiniimiizde, su talebinin ve kentsel
olarak atik su desarjlarinin artmasi atik sularin
yeniden kullanimi  konusunda motivasyon
saglamistir. Atik suyun geri kazanilmasi ve
yeniden kullanimin artmasi, su kithginin
hafifletilmesi, kirlilik emisyonunun azaltilmasi,
toprak kalitesinin  gelistirilmesi ve iretim
masraflarindan tasarruf gibi bircok gevresel ve
ekonomik yarar sagladig1 bilinmelidir. Adiyaman
ilinde ilk olarak kurulan biyolojik aritmadan elde
edilen ortalama aritma verimleri AKM igin
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%94.4, KOI igin %94.7, BOIs igin %93.8 dir.
Sonugta aritma tesisinin etkinliginin yiiksek
oldugu saptanmistir. Adiyaman ilinde niifus
artigina karsin artan atik suyun bertaraf edilmesi
ve tekrar kullanilabilir duruma getirilmesi igin
Atik Aritma Tesislerinin arttiritlmast gerekir.
Tesisin  bulundugu c¢evrede Cevre Etki
Degerlendirmesi ve Tarim alanlarinin da desarj
edilen bolgede bu sudan yararlandigr fakat
kontrolsiiz sulama yapildigindan bitki verimine
negatif etki edebilecegi dikkate alinmalidir.
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Classification of Underground Water Resources of Thrace Region in Terms of Some

Irrigation Water Quality Parameters

Ulviye CEBI Basak AYDIN

Selcuk OZER Ozan OZTURK
Atatiirk Soil Water and Agricultural Meteorology Research Institute, Kirklareli

Abstract

In this study, some existing underground water resources in Kirklareli, Tekirdag and Edirne provinces were
examined and the similarities and differences of the underground irrigation areas were determined in terms of
some parameters that were important in determining the irrigation water quality. Within the scope of the study,
28 wells in 10 underground irrigation areas in Edirne, 24 wells in 13 underground irrigation areas in Kirklareli,
and 22 wells in 12 underground irrigation areas in Tekirdag were examined. The parameters discussed in the
study were determined as pH, electrical conductivity (ECw), SAR, Chloride ion (CI), Nitrate ion (NOs-N),
boron (B), sodium (Na), calcium (Ca) and Magnesium (Mg). The similarities and differences of the irrigation
areas in terms of the quality parameters were examined by multi-dimensional scaling analysis without making
any distinction between provinces. According to the analysis results, it was seen that the Eskitagli, Kavakdere,
Inece, Kizilcaterzi, Génence, Senkdy, Sofukdy, Kozyoriik, Sinanli and Onerler irrigation areas had different
structures compared to other irrigation areas. If the well waters are used for irrigation without taking the
necessary precautions, it may cause negative effects on the development and quality of the plants to be grown,
and it will be inevitable that effects such as salinity and alkalinity will occur in the soil over time.

Keywords: Boron, chlorine, multi-dimensional scaling, underground irrigation areas, well.

Trakya Bolgesi Yeralti Su Kaynaklarinin Bazi Sulama Suyu Kalite Parametreleri A¢isindan
Siiflandirilmasi

Oz

Bu caligmada Kirklareli, Tekirdag ve Edirne illerinde mevcut bazi yer alt1 su kaynaklar1 incelemeye alinmus,
sulama suyu kalitesini belirlemede 6nemli olan bazi parametreler bakimimdan kuyularin benzerlikleri ve
farkliliklart belirlenmistir. Caligma kapsaminda Edirne ilinde 10 yeralti sulama sahasinda 28 kuyu, Kirklareli
ilinde 13 yeralt: sulama sahasinda 24 kuyu, Tekirdag ilinde 12 yeralti sulama sahasinda 22 kuyu incelemeye
alinmigtir. Calismada ele alinan parametreler pH, elektriksel iletkenlik (ECw), SAR, kloriir iyonu (ClI), nitrat
iyonu (NOz-N), bor (B), sodyum (Na), kalsiyum (Ca) ve magnezyum (Mg) olarak belirlenmistir. incelenen
parametreler bakimindan kuyularin benzerlikleri ve farkliliklari, il ayirimi yapilmadan ¢ok boyutlu 6lgekleme
analizi ile incelenmistir. Analiz sonuglarina gore, Eskitasli, Kavakdere, Inece, Kizilcaterzi, Génence, Senkdy,
Sofukdy, Kozyoriik, Sinanli ve Onerler kuyularmin diger kuyulara gore farkli bir yapiya sahip oldugu
goriilmektedir. S6z konusu kuyu sularinin gerekli tedbirler alinmadan sulama amagli kullanilmasi 6ncelikle
yetistirilecek bitkilerin gelismesinde ve kalitesinde olumsuz etkilere neden olabilecegi gibi zaman igerisinde
toprakta da tuzluluk ve alkalilik gibi etkilerin ortaya ¢gikmasi kaginilmaz olacaktir.

Anahtar Kelimeler: Bor, klor, ¢ok boyutlu 6l¢ekleme, yeralti sulama alanlari, kuyu.
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Introduction

Water has been a very important natural resource
for all civilizations for centuries, and all great
civilizations were established near the water.
With the advancement of technology, the
increase in the rates of use of water, the
development of water resources for many
purposes such as drinking-use, irrigation water,
and energy production have played a major role
in the economic development of the countries.
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Water, which is the main element of life, is a
commodity that is suitable for use for social and
political purposes today, apart from its economic
value, unlike other natural resources, in terms of
being the most basic requirement. Making the
definition of water, revealing its properties and
usage areas, and examining it in quantitative and
qualitative terms are important enough to require
a more detailed and comprehensive research in
different branches of science (Ozsoy, 2009).
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As a result of human activities, surface and
underground water resources, which naturally
give life to ecosystems for thousands of years, are
intensively consumed for energy production,
industry, drinking and use, and irrigation in
agriculture.

Nowadays, rapid population growth,
development of industry, lack of infrastructure as
a result of excessive urbanization, increasing
agriculture and livestock activities, increase in
domestic waste water and unplanned regulation
studies cause environmental pollution. As a result
of  environmental pollution, it causes
deterioration of the water quality and natural
balance of the lakes, ponds and streams, in other
words, water pollution. (Mutlu et al., 2013).

Water pollution, which is the current problem of
the whole world, has increased in Thrace Region
in parallel with industrialization, urbanization
and population growth and continues to increase
rapidly. At the same time, intense and
uncontrolled water consumption causes the
underground and surface water resources in the
region to decrease day by day. The reduction and
pollution of water resources in the region, as well
as all sectors, deeply affect irrigated agriculture
in the agricultural sector, which has a great
importance in the stability of the region and
country. Another factor that is as important as
water saving, using the right irrigation methods
and watering the plants at the right time in
irrigated farming practices is water quality.

In the classification of environmental problems

according to regions in the "Turkey
Environmental ~ Problems and  Priorities
Assessment Report" of the Ministry of

Environment and Urbanization, water pollution is
the first priority environmental problem in 5
(Balikesir, Edirne, Istanbul, Kirklareli, Tekirdag)
of 11 provinces in the Marmara Region
(Anonymous, 2022a).

On the one hand, the necessity of increasing
irrigated agricultural lands, on the other hand, the
increasing environmental pollution problems
increase the importance of monitoring the quality
of underground and surface water resources.
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Thrace Region is the region with the lowest
amount of water per capita in Turkey, and it lacks
planning, development, monitoring and
evaluation studies that include the sectorial
distribution of limited water resources, taking
into account the needs of the region. This
situation threatens water resources, prevents food
security and economic developments, and also
deeply affects irrigated agriculture in the
agricultural sector, which has a great importance
in the stability of the country (istanbulluoglu et
al., 2006).

In this study, some underground water resources
(wells) in Kirklareli, Tekirdag and Edirne
provinces were examined, and the similarities
and differences of the wells in terms of some
parameters (pH, ECw, SAR, CI, NOs-N, B, Na,
Ca and Mg) that were important in determining
the irrigation water quality, were determined by
multidimensional scaling analysis.

Material and Method

Within the scope of the study, 28 wells in 10
underground irrigation areas in Edirne, 24 wells
in 13 underground irrigation areas in Kirklareli,
and 22 wells in 12 underground irrigation areas
in Tekirdag were examined. Edirne province has
a total surface water potential of 7611 hm?, of
which 611 hm?® comes from its own basin, 5842
hm? comes from the Merig river border entrance
and 1158 hm® comes from the Greek part of
Meri¢. The underground water potential of
Edirne province is 168 hm?3. While the irrigable
land of Edirne province is 417934 ha, the
economically irrigated land is 245757 ha. The
surface water potential of Kirklareli province is
1137 hm3, and the underground water potential is
125 hm?3. The economically irrigated land is
112013 ha, and the irrigable land is 310531 ha.
The surface water potential of Tekirdag province
is 713 hm?, and the underground water potential
is 186 hm?.

Sampling underground irrigation areas in Edirne,
Kirklareli and Tekirdag provinces are given in
Table 1.
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Table 1. Sampling underground irrigation areas in Edirne, Kirklareli and Tekirdag provinces

Edirne Kirklareli Tekirdag
1 Enez-Yenice Merkez-Kavakdere Saray-Sofular
2 Lalapasa-Domurcali Merkez-Kavakli (ACE) Saray-Pasakoy
3 | Siiloglu-Yagcili Merkez-Inece Sarkdy-Senkdy
4 Merkez-Hoyiikliitatar Liileburgaz-Eskitasl Sarkdy-Kizilcaterzi
5 Havsa-Ogulpasa Babaeski-Terzili Sarkoy-Sofukoy
6 | Uzunkoprii-Aslihan Babaeski-Sinanl Malkara-Kozyoritk
7 Havsa-Kuzucu Vize-Miisellim Malkara-Gonence
8 Uzunkoprii-Kircasalih Vize-Topgukdy Hayrabolu-Lahana
9 Ipsala-Esetce Vize-Covenli Hayrabolu-Dogcali
10 | Havsa-Cukurkoy Piarhisar Hayrabolu-Karakarli
11 Kofcaz-Ahmetler Hayrabolu-Salgamli
12 Demirkoy Corlu-Onerler
13 Pehlivankoy-Hidirca

The water samples taken from the underground
irrigation areas on the basis of provinces were
made in accordance with the "Water Pollution
Control Regulation Sampling and Analysis
Methods Communiqué" (Anonymous, 2022b).
The irrigation classes of the waters were
determined by using the Quality Criteria
according to the Classes of Inland Surface Water
Resources in the Regulation on Amending the
Regulation on  Surface Water Quality
Management and the quality parameters
developed for the evaluation of the chemical
quality of the irrigation water in the Technical
Procedures Communique on Wastewater
Treatment Plants (Anonymous, 2010).

The parameters used in the model were calculated
as stated below.
pH: with glass electrode pH meter (Richards,

1954)
Electrical Conductivity (EC): Measurement of
electrical  conductivity at 25°C with a

conductivometer (Richards, 1954)

Chloride lon (Cl-): Standard Method - 4500- CI -
-F lon According to Chromatographic Method
Nitrate lon (NOs -N): Standard Method- 4500-
NO3- -C lon According to Chromatographic
Method

Boron (B): Standard Method - 4500- According
to BD Inductively Coupled Plasma Method
Cations (Na*, Ca*?, Mg*?): Standard Method-
3500, ICP

SAR was calculated by using the formula below
(Tiiziiner, 1990)
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Na
SAR = ——
/Ca+Mg
2
The similarities and differences of the

underground irrigation areas in terms of the
parameters were examined by multidimensional
scaling analysis (MDS) without distinction of
provinces. Multidimensional Scaling analysis is a
multivariate statistical method that obtains the
representation of the objects in a single or
multidimensional space based on the distance
values that consist of the observed similarities or
differences between objects or units, and
determines the relationships between the objects
(Kruskal and Wish, 1978).

The multidimensional scaling method determines
the relationships between objects by displaying
the objects in a k-dimensional (k<p) space based
on the distances between n objects or units
determined according to the p variable (Faloutsos
and  Lin,  1994;  Ozdamar,  2004).
Multidimensional scaling method solves using
distance matrices. Therefore, it is necessary to
calculate appropriate distance matrices according
to the data type. The map that emerges as a result
of the multidimensional scaling analysis shows
that objects that are very close to each other are
similar, and objects that are far apart are not.

In multidimensional scaling analysis, the stress
value, which is an expression of the difference
between the multidimensional (p-dimensional)
real shape and the predicted shape in reduced k-
dimensional space, is calculated. The stress value



alatarim 2022, 21 (1): 42 - 49

for non-metric scaling is as follows (Hardle and
Hlavka, 2007):

- 2
Yicj(dyj — dyj) )i/
Yi<jdf
The stress value can also be used to decide the
suitability of the multidimensional scaling

Stress = (

Table 2. Stress values and fitness

analysis result. Small stress values indicate good
fit, while high values indicate poor fit. The
indicator prepared by Kruskal (1964) for the
interpretation of the stress values reflecting the
suitability of the result is given in Table 2
(Wickelmaier, 2003).

Stress Value Compatibility
>.20 Insufficient
0.10-0.20 Medium compatibility
0.05-0.10 Good compatibility
0.025-0.05 Perfect compatibility
0.00-0.025 Absolute compatibility

Another common fit criterion used in
multidimensional scaling analysis is the square of
the correlation coefficient (R?). The fact that R?
is greater than 0.60 indicates that the estimated
distances are in good agreement with the original
distances and multidimensional scaling can be
applied. ALSCAL multidimensional method was
applied to the data obtained in the study, and the
"Euclidean™ model was used according to the
data type.

Results and Discussion

The average values of the quality parameters of
well waters in the underground irrigation areas
are given in Table 3. While the pH, EC, CI, B and
SAR parameters of wells examined in Edirne
province did not have a limiting effect in terms of
irrigation water, NOs-N values of well waters in
the underground irrigation areas of Enez-Yenice,
Lalapasa-Domurcali, Havsa-Ogulpasa,
Uzunkdprii-Aslihan, Havsa Kuzucu, Enez-Esetce
and Havsa-Cavuskdy were in the second class
(slightly  contaminated) and third class
(contaminated water) according to the

classification of inland surface water resources.
A high rate of NOs-N was found in well waters
located in Liileburgaz-Eskitasli, Vize-Topgukdy
and Vize-Covenli underground irrigation areas in
Kirklareli province. According to classification
of inland surface water resources, these well
waters were in the fourth class, that is, in the class
of highly polluted waters.

In Tekirdag province, a high level of Na was
determined in the well waters in the Malkara-
Kozyoriik underground irrigation area, and
indirectly the SAR value was also determined to
be high. Similarly, Na and SAR values in
Malkara-Goénence,  Corlu-Onerler,  Sarkdy-
Senkdy and Sarkdy-Sofukdy limit the use of
water in these wells for irrigation purposes. In
addition, the presence of B concentrations above
1 ppm in the waters of the wells in Malkara-
Kozyoriik limits the use of well water for
irrigation purposes. In the study conducted by
Kanarya (2013) on the agricultural evaluation of
some macro and micro elements in irrigation
water resources in Kirklareli province, nitrate
values were found between 2.96 and 3.99.

Table 3. The average values of the quality parameters of well waters in the underground irrigation areas

in the provinces of Edirne, Kirklareli and Tekirdag

Underground pH EC Cl NOs-N B Ca Mg Na SAR
Irrigation Area @dSm?Y) | (meL?Y) | (mgL?) | (mgLY) | (meL?)|(meL?)|(melL?)

Enez Yenice 7.45 0.74 2.56 11.90 47.60 4.29 1.21 234 141
Lalapasa Domurcali | 7.45 0.67 2.09 15.44 38.68 4.32 1.46 1.75| 1.03
Hoytikliitatar 7.72 0.53 2.59 3.88 58.46 1.82 1.18 3.15| 2.57
Havsa Ogulpasa 7.58 0.68 2.22 8.63 29.63 3.49 2.15 2141 1.28
Uzunkoprii Aslthan 7.20 0.58 1.82 10.84 19.24 3.77 1.26 1.38| 0.87
Havsa Kuzucu 7.25 0.81 2.76 8.63 21.33 4.83 1.83 1.87| 1.03
Uzunkoprii Kircasalih | 7.50 0.43 0.97 2.72 21.74 2.48 1.00 150| 1.13
Ipsala Esetce 7.17 0.64 2.97 8.75 27.85 3.45 1.19 2.13| 1.40
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Havsa Cukurkdy 7.48 0.45 1.15 5.90 0.00 3.38 0.81 1.13| 0.78
Siiloglu Yagcili 7.67 0.31 0.80 1.83 14.79 2.15 0.55 0.97] 0.83
Pehlivankdy Hidirca | 7.22 0.54 1.31 1.06 66.81 2.28 0.96 298| 2.34
Inece 6.86 1.13 5.02 2.75 12.76 7.02 2.51 2.05| 0.94
Babaeski Terzili 7.46 0.61 1.92 0.00 65.98 2.54 2.10 2.83] 1.86
Kofcaz Ahmetler 7.43 0.34 0.48 3.84 0.00 1.71 1.18 0.88| 0.73
Kavakli ACE 7.49 0.56 1.62 3.02 3.11 2.99 1.91 1.38| 0.88
Kavakdere 6.53 1.20 7.16 5.58 0.99 8.09 2.35 2.68| 1.17
Babaeski Sinanli 7.88 0.58 1.75 0.51] 300.43 1.14 0.48 4.98| 5.53
Liileburgaz Eskitagh | 7.02 1.27 3.66 39.22 41.73 6.77 3.69 3.83| 1.67
Pmarhisar 7.15 0.47 0.52 6.63 15.35 4.82 0.33 0.45| 0.28
Demirkdy 7.30 0.39 0.56 1.02 2.08 2.21 1.02 1.07| 0.84
Vize Miisellim 7.35 0.57 0.40 0.00 1.32 5.85 0.31 0.31] 0.17
Vize Topgukdy 7.21 0.81 1.87 24.75 67.12 5.32 2.16 1.82| 0.94
Vize Covenli 7.28 0.61 0.75 29.79 15.70 5.36 0.88 0.98| 0.55
Saray Sofular 7.51 0.44 0.84 1.64 36.36 3.79 1.73 1.56| 0.94
Saray Pagakoy 6.25 0.46 0.97 1.65 17.88 3.54 1.31 1.84| 1.18
Malkara Kozyoritk 8.41 1.19 3.58 0.00| 1345.00 0.17 0.07 14.41| 42.49
Malkara Gonence 7.75 1.26 9.38 0.14| 596.10 1.70 4.38 13.75| 7.88
Corlu Onerler 8.52 0.37 0.57 0.04| 244.43 0.13 0.00 5.17 | 20.14
Sarkdy Senkoy 7.93 1.13 1.92 0.23] 199.27 2.17 4.25 24.27 | 13.55
Sarkoy Kizilcaterzi 7.21 1.95 6.64 0.23]| 371.32 3.40 8.17 10.06| 4.19
Sarkoy Sofukoy 8.42 1.42 7.60 0.00| 555.25 0.35 0.25 14.75| 26.81
Hayrabolu Lahana 8.04 0.46 0.96 2.99| 186.20 1.30 0.96 4.26| 4.01
Hayrabolu Dogcali 7.36 0.79 1.57 0.00 75.95 3.49 1.97 3.55| 2.15
Hayrabolu Karakarli | 8.03 0.66 1.67 1.48| 392.35 1.19 0.40 5.33| 5.98
Hayrabolu Salgamhi | 7.71 0.64 1.19 0.00| 246.51 2.14 1.22 7.30| 5.63

In terms of the variables in the multidimensional
scaling analysis, the positions of the irrigation
areas in the multidimensional space were shown
in the two-dimensional space by using the
distance values between 35 underground
irrigation areas.

In the analysis where the distance matrix was
calculated according to the variables, 3 iterations

Table 4. Iteration history

occurred. The stress statistic was 0.13267 and the
compatibility level was “medium” compatibility.
The stress value was calculated according to
Kruskal's formula and found as 0.96357. Since
Kruskal stress  statistics  expresses the
compatibility between data distances and
configuration distances, stress value for k=2
dimension explains the data at a rate of 96.36%
(Table 4).

Iteration S-stress Improvement
1 0.16794
2 0.14176 0.02619
3 0.14105 0.00071
Stress Statistics 0.13267
R? 0.96357
The two-dimensional coordinate values obtained Kavakdere, Eskitaghi, Pmarhisar, Demirkoy,

by the multidimensional scaling analysis of the
underground irrigation areas are given in Table 5.
According to the table, in the first dimension
Yenice, Domurcali, Hoyiiklitatar, Ogulpasa,
Aslihan, Kuzucu, Kircasalih, Esetce, Cukurkdy,
Yagcili, Sofular, Pasakdy, Dogcali, Hidirca,
Inece, Terzili, Ahmetler, Kavakli ACE,
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Miisellim, Topcukdy and Covenli underground
irrigation areas had positive loadings and
Pasakoy and Covenli had a loading of more than
1. Therefore, Pasakéy and Covenli underground
irrigation areas were the most important
discriminators in this dimension in terms of the
variables. On the other hand, in the same
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dimension; Kozydrilk, Génence, Onerler,
Senkdy, Kizilcaterzi,  Sofukdy, Lahana,
Karakarli, Salgamli, and Sinanli underground
irrigation areas had negative loadings. Among
these, Kozyoriik with the value below -3,
Sofukdy with the value below -2 and Gonence
and Kizilcaterzi with the values below -1
appeared to be the most different the irrigation
areas compared to the others.

According to the second dimension, Inece,
Kavakdere and Gonence irrigation areas with the
values below -1, Kizilcaterzi and Eskitash
irrigation areas with the values below -2 were the
most prominent irrigation areas in terms of the
variables. Onerler irrigation area, on the other

hand, was different from the others due to the
positive loading over than 1 in the second
dimension. Other irrigation areas had loadings
from-1to 1 and close to 0. Among these, Yenice,
Domurcali, Ogulpasa, Kuzucu, Esetce, Senkdy,
Topcukdy and Covenli irrigation areas had
negative  values  whereas  Hdyiikliitatar,
Kircasalih, Cukurkoy, Yagcili, Sofular, Pagakdy,
Kozyoriik, Sofukdy, Lahana, Dogcali, Karakarls,
Salgamli, Hidirca, Terzili, Ahmetler, Kavakli
ACE, Sinanli, Pinarhisar, Demirkdy and
Misellim irrigation areas had positive values.
Gonence, SenkOy and Kizilcaterzi irrigation
areas had negative signs in both dimensions and
can be considered as the weakest wells in terms
of the investigated variables (Table 5).

Table 5. Coordinates calculated for the underground irrigation areas

No Underground Irrigation Area Dimension 1 Dimension
1 Yenice 0.45 -0.12
2 Domurcali 0.60 -0.12
3 Hoylikliitatar 0.04 0.50
4 Ogulpasa 0.33 -0.03
5 Aslihan 0.65 0.05
6 Kuzucu 0.52 -0.35
7 Kircasalih 0.43 0.61
8 Esetge 0.49 -0.05
9 Cukurkoy 0.57 0.46
10 Yagcili 0.43 0.88
11 Hidirca 0.29 0.49
12 Inece 0.50 -1.33
13 Terzili 0.14 0.26
14 Ahmetler 0.50 0.76
15 Kavakli ACE 0.38 0.28
16 Kavakdere 0.59 -1.91
17 Sinanlh -0.44 0.80
18 Eskitagl 0.78 -2.15
19 Pinarhisar 0.89 0.35
20 Demirkdy 0.52 0.68
21 Miisellim 0.90 0.42
22 Topgukoy 0.84 -0.75
23 Covenli 1.36 -0.31
24 Sofular 0.51 0.41
25 Pagakoy 1.25 0.07
26 Kozyoriik -3.50 0.83
27 Gonence -1.94 -1.32
28 Onerler -0.94 1.57
29 Senkdy -2.08 -0.70
30 Kizilcaterzi -1.34 -2.58
31 Sofukdy -2.66 0.02
32 Lahana -0.22 0.90
33 Dogcali 0.16 0.04
34 Karakarli -0.61 0.83
35 Salgamli -0.38 0.53
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The map showing the similarities and differences
of the irrigation areas in terms of the variables
examined in the study is given in Figure 1. When
Figure 1 is examined; as the distances between
the irrigation areas increase, the differences in
terms of the variables considered increase, and

the similarities increase as the distances decrease.
Accordingly, it was seen that Eskitash,
Kavakdere, Inece, Kuizilcaterzi, Gonence,
Senkdy, Sofukdy, Kozydriik, Sinanl and Onerler
irrigation areas had different structures compared
to other irrigation areas.
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Figure 11. Representation of underground wells in two-dimensional space according to the Euclidean

distance model

Conclusion

In this study, some underground water resources
in Kirklareli, Tekirdag and Edirne provinces
were examined and their similarities and
differences were determined in terms of some
parameters that were important in determining
the irrigation water quality.

In the sampling of underground irrigation water
well waters in Sofukdy, the fact that the Ca+Mg
value was very low despite the Na value
increased the SAR value very much (26.81),
which made the irrigation water different from
the other wells (T3A4). Salinity and CI problems
were also detected in the samples made from
Kizilcaterzi in the same region. A high amount of
alkalinity was determined in the well waters in
Malkara Kozyorik (TsAs). SAR value was
calculated as 42.49 on average, while B values
were above 1 mg Lt (class V). In the samplings
made from two wells in Corlu Onerler
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underground irrigation, pH values were found to
be above 8.5 and SAR value was calculated as
20.14 on average. As a result, the irrigation water
class of the first well was determined as T»A4 and
the irrigation water class of the second well was
determined as T.A,. Another different
underground irrigation system is Liileburgaz
Eskitagli. A high amount of NOs3-N was
determined in the wells, and the values were in
class IV according to the classification of inland
surface water resources and in class Il according
to FAO-29 (the degree of use is “dangerous”).

The Sinanli (Babaeski) underground irrigation
area was in a slightly different place in the map
and this was due to the fact that the boron values
were higher than the boron values of the other
wells. However, the determined values were
below 1 mg L™ and they were not at a level to
cause problems in irrigation use of well waters.
Sampling was made from two wells in Kavakdere
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underground irrigation area, and the reason for
the position in different dimension was that the
EC values were slightly higher especially in the
1st well (max. value 1.55 dS m™?), Cl values were
in class Il according to the wastewater treatment
plants technical procedures communique and
NO;s values were in class Il according to FAO-29
I1. There was no important limiting factor in the
use of both wells as irrigation water.

ECw values were slightly above 1 dS m*
(average ECw value was 1.29) in inece well and
its Cl values were determined in class Il
according to the wastewater treatment plants
technical procedures communique (damage
degree “low-moderate™). It is recommended to
protect the water sources from all kinds of
pollution, especially domestic and industrial
wastes, to minimize the use of fertilizers and
pesticides, to increase inspections in industrial
areas, and to take necessary legal and cultural
measures without delay in order to provide the
sustainability of the irrigation water resources of
the Thrace Region, where intensive agriculture is
made.
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