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Aydin ili Yenipazar, Bozdogan ve Karacasu Ilcelerinden Selekte
Edilen Badem (Prunus amygdalus Batch) Genotiplerinin Protein,
Yag ve Yag Asidi Bilesimlerinin Belirlenmesi

Ersin GULSOY', Fikri BALTA?

OZET: Bu arastirma Aydin ili Yenipazar, Bozdogan ve Karacasu ilgelerinde bulunan 8 {imitvar badem genotipi ile
2 standart badem c¢esidinin (Teksas ve Ferragnes) bazi kimyasal 6zelliklerini ve yag asidi igeriklerini belirlemek
icin yapilmustir. Protein oran1 AYD-73 genotipinde %25.7 ile en diisiik, AYD-181 genotipinde %32.9 ile en yiiksek
diizeyde, yag oran1 %48.1 ile en diisiik degeri AYD-66 genotipinde ve %63.1 ile en yiiksek degeri AYD-137 genoti-
pinde vermistir. Teksas ve Ferragnes cesitlerinde ise yag orant %49.8 ve %54.7, protein orani %33.1 ve %22.8 sek-
linde bulunmustur. Badem genotiplerinin oleik asit oran1 %67.53 (AYD-59)-%77.97 (AYD-151); linoleik asit orant
%13.07 (AYD-123)-%22.32 (AYD-59); palmitik asit oran1 %6.06 (AYD-123)-%7.46 (AYD-137); stearik asit orant
%1.29 (AYD-73)-%2.16 (AYD-61); palmitoleik asit orant %0.13 (AYD-151)-%0.67 (AYD-137);ve mistirik asit
oran1%0.02 (AYD-73)-%0.27 (AYD-61) arasinda degismistir. Teksas ¢esidinde oleik, linoleik, palmitik, stearik,
palmitoleik ve mistirik asit orani sirastyla %69.15, %20.47, %7.37, %2.13, %0.19 ve %0.03, Ferragnes ¢esidinde
ise strastyla %73.54, %16.46, %6.58, %1.94, %0.42 ve %0.03 bulunmustur.
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Determination of Protein, Qil and Fatty Acid Contents of Some
Selected Almond (Prunus amygdalus Batch) Genotypes from
Karacasu and Bozdogan Yenipazar of Aydin Province
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ABSTRACT: This research was carried out to determine and compare the various chemical properties and fatty
acid contents of eight promising almond genotypes from Karacasu and Bozdogan, Yenipazar of Aydin Province with
two standard almond cultivars (Texas and Ferragnes).The ratio of protein was minimum in AYD-73 (25.7 %) and
maximum in AYD-181 (32.9 %) genotypes, however the ratio of oils was minimum in AYD-137 (63.1 %) genotypes.
The oil contents of standard varieties Texas and Ferragnes was ranged between 49.8 %-54.7 %respectively, whereas
the protein contents of these varieties was ranged between 33.1 %-22.8 %, respecitively. Oleic acid content was
determined between 67.53 %(AYD-59) and 77.97 %(AYD-151), linoleic acid content was 13.07 %(AYD-123) and
22.32 %(AYD-59), palmitic acid content was 6.06 %(AYD-123) and 7.46 %(AYD-137), stearic acid content was
1.29 %(AYD-73) and 2.16 %(AYD-61), palmitoleic acid content was 0.13 %(AYD-151) and 0.67 %(AYD-137),
myristic acid content was 0.02 %(AYD-73) and 0.27 %(AYD-61) in the fruits almond genotypes. Oleic, linoleic,
palmitic, stearic, palmitoleic and myristic acid contents was 69.15, 20.47, 7.37, 2.13, 0.19 and 0.03 %respectively
in Texas, while these fatty acids were 73.54, 16.46, 6.58, 1.94, 0.42, and 0.03 %respectively in Ferragnes.
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GIRIS

Insan saglig1 agisindan pek ¢ok faydasi bulunan
badem, hem icerdigi yag hem de zengin mineral
ve vitaminler nedeniyle iretimi ve tiiketimi her
gecen giin artan dnemli bir meyve tiiriidiir. Badem
meyvesinde protein, demir ve kalsiyumla birlikte
yiksek oranda yag bulunur. C ve E vitamininin
yani sira selenyum acisindan da zengindir. Tath
badem meyvesi
pasta iretiminde kullanilmasinin yani
bademden elde edilen badem yagi da kozmetik

cerez, sekerleme, cikolata ve

sira aci

ve ilag sanayinde yaygin olarak kullanilmaktadir
Glniimiizde teknolojik c¢aligmalarin ilerlemesiyle
birlikte
faydasinin bulundugu ispatlanmistir. Nitekim yapilan
calismalarla sert kabuklu meyve tiirleri igerisinde

bademin saglimiz agisindan birgok

en yliksek protein igerigine bademin (%20) sahip
oldugu bununla birlikte ve kolesterol igermedigi
belirtilmistir (Ahrens et al., 2005). Ayrica bademin,
kotii kolesterol olarak bilinen LDY yi diisiirdiigii iyi
kolesterol olarak bilinen HDL’yi yiikselttigi, kolon
ve akciger kanseri riskini azalttig1 tespit edilmistir
(Davis and Iwahashi, 2001). Bademin E vitaminince
ve antioksidanlarca zengin olmasi sayesinde, kalp
krizi riskini %50 azalttig1, kemikleri gii¢lendirdigi,
timor hiicrelerinin gelisimini engelledigi, prostat
kanserine kars1 korudugu, bas, bobrek ve karaciger
agrilarin1  azalttigi, eklem, romatizma ve cilt
hastaliklarina iyi geldigi tespit edilmistir (Spiller
et al., 1998; McManus et al., 2001; Jenkins et al.,
2002; Chen et al., 2005; Mandalari et al., 2010).

Bu c¢alisma, Aydin
Bozdogan ve Karacasu

iline bagli Yenipazar,
ilgelerinin merkez ve
koylerinde yiiriitiilen seleksiyon ¢alismast sonucu
elde edilen ve iimitvar olarak goriillen 8 badem
genotipi ile Aydin il merkezinde yetistirilen Teksas
ve Ferragnes ¢esitlerinin, bazi kimyasal 6zellikleri
ve yag asidi bilesimlerinin belirlenmesi amaciyla
yapilmistir.

MATERYAL VE YONTEM

Bu calisma 2010-2011 yillar1 arasinda Aydin
iline bagl Yenipazar, Bozdogan ve Karacasu ilgeleri
seleksiyon calismasinda ele alinan 8 badem genotipi

10

ile Teksas ve Ferragnes badem cesitleri iizerinde

yiriitilmistir.
Protein analizi (%): Meyvelerin protein
miktarlar1  Kjeldahl yoOntemiyle belirlenmigtir

(Kacar, 1984). Bu amagla, 6giitilmiis ve kurutulmus
i¢ badem oOrneklerinden 0.5 g tartilarak Kjeldahl
balonuna konulmus, iizerine bir adet Kjeldahl
tableti ve 13 ml (%98’lik) H,SO, ilave edilmis ve
yakma linitesinde yakilmistir. Yakilan ve sogutulan
ornekler, ayarlart 20 ml borik asit (%4’lik), 48 ml
NaOH (%40’lik) ve 50 ml saf su seklinde yapilan
1’10 siireyle destilasyon islemine tabi tutulmustur.
Destile edilen 6rnekler 0.1 N HCL ile titre edildikten
sonra, titrasyon sarfiyati hesaplanmis elde edilen %N
sonuglar1 6.25 katsayist ile carpilarak genotiplerin

ve ¢esitlerin protein igerikleri %olarak bulunmustur.

Ham yag (%): Meyvelerdeki toplam yag,
Soxhlet yontemine gore yapilmis ve hesaplanmistir.
Sonuglar %olarak degerlendirilmistir (James, 1995).

Yag asitleri Analizi: Yag asitleri analizinde gaz
kromatografisi yontemi kullanilmistir. Bunun igin
her bir genotipten 4 gram numune alinarak Soxhlet
aparat1 araciligi ile 6 saat boyunca 150 ml hekzan
ile muamele edilmistir. Uygulama sonucunda
elde edilen ekstraktlar once rotaryevaporator ile
yogunlastirilmis daha sonra azot ugurucu yardimi
ile 2 ml’ye diisiinceye kadar ugurulmustur. Darasi
alinan tiiplerde numunelerin toplam agirliklari

hesaplanarak yiizde yag oranlari tespit edilmistir.

Gaz kromatografisi analizinde yag asitlerinin
tanimlanmasi i¢in Agilent HP 6890 GC cihazi
Gaz

baglamadan 6nce 100 mg 6rnek alinarak reaksiyon

kullanilmigtir. kromatografisi  analizine
viallerine aktarilmis ve 10 ml hekzan igerisinde
100ul

metanolde ¢oziindirilmis 2 N KOH eklenerek

¢ozlindiriilmiistir. Bu karisim {iizerine
vialler kapatilmig ve vorteks cihazinda 30 saniye
santrifiij edilmistir. Ust tarafta toplanan temiz
siipernatantdan 2 ml alinarak autosampler viallerine
yerlestirilmistir. Numune hazirlanisi metil ester
kolonuna uygun olarak Baydar ve ark. (1999)’a gore
yapilmistir.
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Aydm ili Yenipazar, Bozdogan ve Karacasu Ilcelerinden Selekte Edilen Badem (Prunus amygdalus Batch)
Genotiplerinin Protein, Yag ve Yag Asidi Bilesimlerinin Belirlenmesi

BULGULAR VE TARTISMA
Protein icerigi (%):

Genotiplerin protein igerigi en diigik %25.7 ile
AYD-73 genotipinde ve en yliksek %32 ile AYD-181
genotiplerinde belirlenirken, Teksas g¢esidinde %33.1
ve Ferragnes cesidinde %22.8 olarak kaydedilmistir
(Cizelge 1). Balta ve ark. (2001), Adir Adasi’ndaki
(Van) badem seleksiyonunda protein iceriginin %22.2
ile %24.3 arasinda degistigini kaydetmislerdir. Elaz1g
yoresi badem seleksiyonlarinda protein igerigi %16.07
ile %31.47 arasinda bulunmustur (Askin ve ark., 2007).
Ozcan ve ark. (2011), 5 badem ¢esidindeki protein
iceriginin en diisiik %12.7 ile Guarave en yiiksek
%16.3 ile Cristomorto ¢esitleri arasinda gerceklestigini
bildirmislerdir. Vargas et al. (2011), IRTAda (Ispanya)
arastiritlan  Constanti, Marinada, Tarraco, Vairo,
Marcona, Nonpareil ve Masbovera badem gesitlerindeki
protein igerikleri sirasiyla %23.9, %24.2, %24.6, %24.5,
%25.7, %25.3 ve %23.0 olarak bulunmustur. Kodad ve
ark. (2011a), Fas’ta 46 yerel genotip ile 5 ticari badem
cesidinde (Marcona, D. Largueta, Ferragnes, Ferraduel,
Fournat) %14.1-33.0 arasinda protein tespit etmiglerdir.

Ham yag icerigi (%): Genotiplerin ham yag
igerigi, en diisik %48.1 ile AYD-66 genotipinde
ve en yiksek %63.1 ile AYD-173 genotipinde
belirlenirken, Teksas ¢esidinde %49.8 ve Ferragnes
cesidinde %54.7 olarak tespit edilmistir (Cizelge
1). Isparta yoresinden selekte edilen 14 badem
genotipinde (ISP-9, ISP-52, ISP-57, ISP-59, ISP-
66, ISP-68, ISP-80, ISP-127, ISP-129, ISP-196,
ISP-228, ISP-231, ISP-241, ISP-298) yag oraninin
%44.25 ile %55.68 (Y1ldirim ve ark., 2008), Tunceli
yoresine ait 13 badem genotipinde yag oraninin
%43.5 ile %62.4 (Celik ve ark., 2010), Algarve
(Portekiz) bolgesinden selekte edilen 12 badem
cesidinde yag oranmnin %30.1 ile %51.0 (Martins
ve ark., 2000), Rainfed (Hindistan) sartlarinda bazi
yerel ve yabanci badem cesitlerinde yag oraninin
%56.1 ile %59.8 (Ayadi ve ark., 2006), iran’da
yetistirilen yerli ve yabanci 25 badem ¢esidinde yag
oraninin %47.11 (Nonpareil) ile %58.86 (Rabie)
(Torabi ve ark., 2011); Ispanya CITA arastirma
istasyonunda 10 farkli iilkeden toplanan 73 badem
cesidinde yag oraninin %51.5 ile %66.8 (Kodad ve
ark., 2011b) arasinda degistigi bildirilmistir.

Cizelge 1. Badem genotipleri ve ¢esitlerinin protein ve ham yag igerikleri

Genotip ve Cesit Protein (%) Ham Yag (%)
Teksas 33.1 49.8
Ferragnes 22.8 54.7
AYD-59 27.0 49.8
AYD-61 28.2 53.8
AYD-66 31.3 48.1
AYD-73 25.7 523
AYD-123 26.8 53.1
AYD-137 27.0 63.1
AYD-151 28.4 48.7
AYD-181 32.9 51.6

Cilt/ Volume: 4, Say1/ Issue: 1,2014
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Yag asidi igerikleri (%): incelenen genotiplerin
yag asidi igerikleri; oleik asit en diisik %67.53
ile AYD-59 genotipi ve en yiiksek %77.97 ile
AYD-151genotipinde, linoleik asit en diisiik %13.07
ile AYD-123 genotipinde ve en yiiksek 9%22.32 ile
AYD-59 genotipinde, palmitik asit en diisiik %6.06
ile AYD-123 genotipinde ve en yiiksek %7.46 ile
AYD-137 genotipinde, stearik asit en diisiik %1.29
ile AYD-73 genotipinde ve en yliksek %2.16 ile
AYD-61genotipinde, palmitoleik asit en diisiik
%0.13 ile AYD-151 genotipinde ve en yiiksek
%0.67 ile AYD-137 genotipinde, miristik asit en
disiik %0.02 ile AYD-73 genotipinde ve en yiiksek
%0.27 ile AYD-61genotipi arasinda belirlenmistir
(Cizelge 2). Elaz1g yoresi badem seleksiyonlarinda
oleik asit %50.41 ile %81.20 arasinda, linoleik asit
%6.21 ile %37.13 arasinda, palmitik asit %5.46 ile
%15.78 arasinda, palmitoleik asit %0.36 ile %2.52
arasinda, stearik asit %0.80 ile %3.83 arasinda
degismistir (Askin et al., 2007). Sathe et al. (2008),
Kaliforniya’nin 12 farkli bolgesinde yetistirilen 8

badem ¢esidinde palmitik asit igerigini %5.07-6.78,
oleik asit igerigini %57.54-73.94 ve linoleik asit
igerigini%19.32-35.18 olarak kaydetmislerdir. Socias
[Companyetal.(2008),yapilanseleksiyon sonucunda
elde edilen, kendine verimli 15 badem genotipinde
yag oranint %55.17-61.23, oleik asit oranini
%66.44-77.46, linoleik asit oranini %13.77-23.65,
palmitik asit oranin1 %35.47-6.65 ve stearik asit
oranini %1.37-2.27 arasinda belirlemislerdir. Ozcan
ve ark. (2011), 5 badem ¢esidinin (Ferragnes, Tuono,
Guara, Cristomorto, Nonpareil) sahip oldugu oleik
asit igeriginin %72.5 ile %79.9 arasinda, linoleik asit
igeriginin %13.5 ile %19.8 arasinda ve palmitik asit
iceriginin %5.9 ile %6.7 arasinda degistigini rapor
etmislerdir. Kodad et al. (2011a), Fas’ta 46 yerel
genotip ile 8 ticari badem c¢esidinin meyvelerinde
%14.1-33.0 protein, %48.3-65.2 yag, %5.5-7.9
palmitik asit, %0.4-0.9 palmitoleik asit, %1.3-3.3
stearik asit, %58-82 oleik asit ve %9.7-30 linoleik
asit igerigi elde etmislerdir.

Cizelge 2. Badem genotipleri ve g¢esitlerinin yag asidi bilesimleri (%)

Genotip ve

Cesit Yag asidi
Palmitik Asit  Palmitoleik Asit  Stearik Asit Oleik Asit Linoleik Asit Miristik Asit
C16:0 C16:1 C18:0 C18:1 C18:3 C14:0

AYD-123 6.06 0.55 2.07 77.09 13.07 0.03
AYD-137 7.46 0.67 1.32 67.56 13.79 0.03
AYD-151 6.18 0.13 1.96 77.97 13.61 0.03
AYD-181 7.05 0.38 1.56 74.14 16.46 0.05
AYD-59 7.25 0.61 2.08 67.53 22.32 0.05
AYD-61 6.30 0.51 2.16 70.78 18.21 0.27
AYD-66 6.92 0.37 1.96 70.53 19.84 0.03
AYD-73 6.87 0.57 1.29 76.10 14.89 0.02
Ferragnes 6.58 0.42 1.94 73.54 16.46 0.03
Teksas 7.37 0.39 2.13 69.15 20.47 0.03
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SONUC

Aydin ili Yenipazar, Bozdogan ve Karacasu
ilcelerinin merkez ve koylerinde yiiriitiillen
seleksiyon c¢alismasi sonucu tespit edilen 8

badem genotipi ile ayn1 yorede yetistirilen Teksas
ve Ferragnes badem c¢esitlerinin bazi kimyasal
ozellikleri ve yag asidi bilesimleri incelenmigtir.
Bademlerdeki protein, ham yag ve yag asidi
kompozisyonunun g¢eside, genotipe ve ekolojiye
gore degistigi belirtilmistir (Gradziel et al., 2000;
Balta, 2002; Askin et al., 2007; Kodad and Socias
I Company, 2008; Sathe et al., 2008; Socias I
Company et al., 2008).

Bu arastirmada incelenen 8 badem genotipinin
protein, yag ve yag asidi igerikleri Teksas ve
Ferragnes badem g¢esitleri ile karsilastirildiginda
bazi genotiplerin ¢esitlere gore diisiik, buna karsin
baz1 genotiplerin daha yiiksek oranda protein, yag
ve yag asidi igerdikleri sOylenebilir.
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Chemical Composition of Two Inula sp. (Asteraceae)
Species from Turkey

Omer KILIC!

ABSTRACT: The essential oil components of aerial parts of Inula graveolens Desf. and Inula oculus-christi L.
was investigated by HS-SPME / GC-MS. Thirty six and thirty seven components were identified representing
96.9%and 97.4%oil, respectively. 1,8-cineole (22.4%), borneol (20.4%) and a-cadinol (11.8%) were detected main
compounds of /. graveolens. Bornyl acetate (21.3%) p-cymene (16.6%) and p-pinene (14.8%) were found major
components of /. oculus-christi. The results were discussed in terms of natural products, renewable resources and
chemotaxonomy.

Key Words: /nula, essential oil, 1,8-cineole, borneol
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Tiirkiye’de bulunan iki Inula sp. (Asteraceae)
Tirunin Kimyasal Kompozisyonu

OZET: Inula graveolens Desf. ve Inula oculus-christi L. toprakiisti kisimlarmin ugucu yag igerikleri
HS-SPME / GC-MS ile arastirildi. Inula graveolens ve Inula oculus-christi tiirlerine ait %96.9 ve %97.4° lik
toplam yag miktarindan sirasiyla otuzalti ve otuzyedi bilesen tespit edildi. /. graveolens’ in ana bilesenleri
1,8-sineol (%22.4), borneol (%20.4) ve a-kadinol (%11.8) olarak tespit edildi. I. oculus-christi’ nin ana bilesenleri
bornil asetat (%21.3) p-simen (%16.6) ve B-pinen (%14.8) olarak bulundu. Sonuglar dogal iiriinler, yenilenebilir
kaynaklar ve kemotaksonomi agisindan tartigildi.

Anahtar Kelimeler: /nula, ugucu yag, 1,8-sineol, borneol.
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INTRODUCTION

Asteraceae (Compositae) is one of the largest plant
family and many genera and species have worldwide
distribution comprising many useful plants, so it has
been the subject of chemotaxonomical studies (Bremer,
2004) and comprising about 25.000 taxa in the world.
Furthermore some Asteraceae taxa has been studied
from the botanical (Bremer, 2004) and chemical (Kilig
and Bagci, 2013; Kilig, 2013; Kilig and Bagei, 2012;
Kilig et al., 2011; Bagc1 and Kilig, 2012) stand points.

The genus lnula L., is in the Asteraceae family,
mostly perennial herbs or shrubs distributed in Turkey
and comprises about 32 taxa (Davis, 1975; Ozhatay and
Kultur, 2006). Some Inula taxa are used as traditional
herbal medicines throughout the world. The roots of /.
hupehensis Y.Ling have been used to treat many diseases,
including bronchitis, diabetes and intestinal ulcers.
The characteristic compounds of the [nula taxa are
sesquiterpenes and monoterpenes (Bokadia et al., 2005).
Further phytochemical studies of /nula sp. are needed to
support classification efforts, which nowadays are based
mainly on morphological traits. In some /nula species,
such as I. britannica L., I. salicina L., 1. bifrons L., L.
conyza DC. and I spiraeifolia L. thymol derivatives are
the major root constituents of cited species (Bohlmann
et al., 1978). Recently, much attention has been paid to
thymol derivatives, because of their diverse biological
and antibacterial activities (Stojakowska et al., 2005).
The usefulness of thymol derivatives as insecticides
and transdermal drug delivery enhancers has also been
reported (Wagner et al., 2004).

The essential oil of /nula is known as the most
effective oil for loosening, deep congestion, coughs,

Inula graveolens

colds, sinusitis larygitis and bronchitis; moreover it
suppots lymphatic circulation as well as the immune
system, it also reduces acneic skin inflammation
(Oshadi, 2005). Besides several [nula species have
been used in various treatments: for calculus, for eye,
as diuretic, position and sudorific. The species of Inula
genus are lack detailed phytochemical investigation.
Several studies on the chemical composition of the
essential oil of /nula species have been reported; /.
viscosa (L.) Aiton. from Turkey (Perez-Alonso et al.,
1998), 1. viscosa (L.) Aiton from Italian (De laurentis
et al., 2002) and 1. macrocephala Boiss. & Kotschy ex
Boiss. from Turkey (Kili¢ and Bagci, 2013).

The aim of present study is to examine the chemical
composition of the essential oils isolated from aerial
parts of 1. graveolens and I. oculus-christi from eastern
part of Turkey by HS-SPME / GC-MS; and to evaluate
the chemical data that might be helpful in potential
usefulness and chemotaxonomy of these plants.

MATERIALS AND METHODS
Plant materials

Inula graveolens was collected from Bingol
University Campus, Bingol / Turkey, on 23.09.2012,
at an altidude of 1150-1200 m., by Omer Kilig (4816).
1. oculus-christi was collected from vicinity of Dikme
village, Bingol / Turkey, on 24.06.2013, at an altidude
of 1600-1650 m., by Omer Kili¢ (5318). 1. graveolens
and /. oculus-christi General view of I. graveolens and
1. oculus-christiare seen in Figure 1.

Inula oculus-christi

Figure 1. General view of herbarium samples of Inula graveolens and Inula oculus-christi
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HS-SPME Procedure

The extraction of dried aerial part powder of five
grams plant samples were carried out by a (HS-SPME)
head space solid phase microextraction method using
a divinyl benzene / carboxen / polydimethylsiloxane
fiber, with 50/30 Im film thickness; before the analysis
the fiber was conditioned in the injection port of
the gas chromatography (GC) as indicated by the
manufacturer. For each sample, 5 g of plant samples,
previously homogenized, were weighed into a 40 ml
vial; the vial was equipped with a “‘mininert” valve.
The vial was kept at 35°C with continuous internal
stirring and the sample was left to equilibratefor 30
min; then, the SPME fiber was exposed for 40 min to
the headspace while maintaining the sample at 35°C.
After sampling, the SPME fiber was introduced into
the GC injector, and was left for 3 min to allow the
analytes thermal desorption. In order to optimize the
technique, the effects of various parameters, such as
sample volume, sample headspace volume, sample
heating temperature and extraction time were studied
on the extraction efficiency as previously reported by
Verzera et al., (2004).

GC-MS Analysis

A Varian 3800 gas chromatograph directly inter
faced with a Varian 2000 ion trap mass spectrometer
was used with injector temperature, 260°C; injection
mode, splitless; column, 60 m, CP-Wax 52 CB 0.25
mm i.d., 0.25 Im film thickness. The oven temperature
was programmed as follows: 45°C held for 5 min, then
increased to 80°C at a rate of 10°C/min, and to 240°C. at
2°C/min. The carrier gas was helium, used at a constant
pressure of 10 psi; the transfer line temperature, 250°C;
the ionisation mode, electron impact (EI); acquisit ion
range, 40 to 200 m/z; scan rate, 1 us-1. The compounds
were identified using the NIST library, mass spectral
library and verified by the retention indices which were
calculated as described by Van den Dool and Kratz
(1963). The relative amounts were calculated on the
basis of peak-area ratios. The identified constituents of
Inula species are listed in Table-1.

RESULTS AND DISCUSSION

The essential oil components of aerial parts of Inula
graveolens and Inula oculus-christi was investigated
by HS-SPME / GC-MS. Thirty six and thirty seven
components were identified representing 96.9%and
97.4%oil, respectively. 1,8-cineole (22.4%), borneol
(20.4%) and a-cadinol (11.8%) were determined main

Cilt/ Volume: 4, Say1/ Issue: 1,2014

compounds of I graveolens. Bornyl acetate (21.3%)
p-cymene (16.6%) and B-pinene (14.8%) were detected
main constituents of 1. oculus-christi (Table-1).

RRI*: Relative Retention Index.

The most important compounds leaves-stems-
flowers and roots of 1. graveolens from Tunisia, without
flowers were t-cadinol (9.2%), borneol (21.4%), bornyl
acetate (33.4%); in the flowers oil, the main components
foundwere camphene(5.5%),t-cadinol (11.3%),borneol
(19.3%), bornyl acetate (39.6%); the major constituents
in the oil roots were found to be carvone (5.0%), bornyl
acetate (5.3%), p-mentha-1(7)-2-dien-8-0l (5.3%),
B-selinene (11.5%) (Harzallah-Skhiri et al., 2005). The
main constituents of Inula graveolens (L.) Desf. from
Corsica were bornyl acetate (56.8%), borneol (7.6%)
and 7-cadinol (7.8%); bornyl acetate and borneol were
always two major compounds of six different stages of
1 graveolens; furthermore to determine the chemical
variability of 1. graveolens, 22 samples were analysed,
obtained from several plants collected in a restricted
area in different localities during the flowering stage.
Bornyl acetate (43.1%—73.1%) and borneol (3.7%-
32.2%) were the main compounds for 20 samples. The
twenty-first sample exhibited borneol (41.9%) and
bornyl acetate (16.6%) as the major components, while
the composition of twenty-second was typical (borneol
41.9% and 7-cadinol 23.8%) (Blanc et al., 2004). Like
these results bornyl acetate (8.9%- 21.3%) was detected
the main compounds of /. macrocephala (Kili¢ and
Bagci, 2013) and in this study with 1. oculus-christi
(Table-1) respectively. Borneol (20.4%) was detected
the main compounds /. graveolens (Table-1). Borneol
(3.72%- 3.26%) was also among the main components
of Anthemis pseudocotula and A. cretica subsp. pontica
(Asteraceae) from Turkey (Kilig et al., 2011). pp-pinene
(14.8%) 1. oculus-christi; 1,8-cineole (22.4%) and
a-cadinol (11.8%) in I. graveolens were detected as
major components (Table-1).

The major components of I. crithmoides L. from
central Italy were; p-cymene (30.1%), 1-methylethyl-
trimethylbenzene (18.7%), scopoletin (15.3%) and
a-pinene (13.1%) (Laura et al., 2010). Like this
study, p-cymene (10.2%- 16.6%) was detected one
of the major component of I macrocephala (Kilig
and Bagci, 2013) and [ oculus-christi (Table-1).
Among the sesquiterpenes, P-caryophyllene (15.3%)
was determined as one of the major constituents of /.
macrocephala (Kilig and Bagci, 2013); it is noteworthy
that, B-caryophyllene (1.9%- 0,6%) was reported low
amounts in this study with /. graveolens and I. oculus-
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Table I. Chemical profiles of /nula species (%)

Constituents RRI* 1. graveolens L oculus-christi
2-Hexenal 855 0.4 0.5
a-pinene 935 23 1.8
Benzaldehyde 962 - 0.3
Sabinene 977 1.2 -
B-pinene 982 3.6 14.8
Myrcene 994 - 0.4
Santolinatriene 1001 0.2 -
a-phellandrene 1006 0.4 0.3
a-thujene 1015 0.3 0.5
p-cymene 1024 3.5 16.6
Limonene 1031 0.5 1.2
Camphene 1034 4.6 2.1
1,8-cineole 1035 224 5.3
y-terpinene 1055 0.6 0.9
Benzene, 1- methyl - 2 1069 0.2 -
Terpinolene 1085 - 1.2
Linalool 1101 0.3 -
Trans-pinocarveole 1165 - 0.7
a-terpineol 1180 1.5 2.3
Camphor 1190 0.4 0.2
2-Cyclohexan-1-ol 1205 - 0.1
Thymol methyl oxide 1230 0.4 0.2
Thymol 1290 1.8 5.2
a-cubebene 1350 - 0.2
B-elemene 1360 0.6 0.3
a-copaene 1375 0.4 -
p-bourbonene 1385 - 0.1
p-cubebene 1390 0.1 -
p-caryophyllene 1418 1.9 0.6
a-humulene 1455 - 1.1
d-cadinene 1460 0.6 -
y-muurolene 1475 1.3 2.2
Bornylacetate 1478 53 21.3
Germacrene D 1480 - 0.9
B-selinene 1488 0.9 -
Bicyclogermacrene 1496 - 0.2
p-caryophyllene 1502 4.8 3.9
a-muurolene 1520 0.4 -
Spathulenol 1575 1.6 1.5
Borneol 1577 20.4 2.7
Caryophyllene oxide 1580 - 0.8
Ledol 1605 1.3 0.2
a-cadinol 1640 11.8 5.1
B-eudesmol 1650 0.1 -
Hexadecanoic acid 1690 - 0.5
Pentadecanal 1710 0.2 -
Nonadecane 1905 - 0.3
Tricosane 2295 - 0.6
Pentacosane 2495 0.2 0.3
Hexacosane 2600 0.4 -
Total 96.9 97.4
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christi (Table-1). Pentacosane (13.7%) was determined
main constituent of the volatile oil of . oculus-christi
(Javidnia et al., 2006), whereas pentacosane (2.1%) was
determined the minor compound of I. macrocephala
(Kilig and Bagei, 2013); I graveolens (0.2%) and I
oculus-christi (0.3%) (Table-1).

The findings showed that the genus /nula had a
considerable variation in essential oil composition and
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Baz1 Kayis1 Cesitlerinin Bingol Bolgesindeki Gelisim
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OZET: Bu arastirma 2011-2012 yillarinda, Bingdl ekolojik sartlarinda yetistirilen bazi kurutmalik kaysi gesitlerinin
generatif ve vejetatif gelisim durumlarini belirlemek iizere yiiriitilmistiir. Denemede Zaza, Cataloglu, Kabaasi
ve Hacihaliloglu cesitleri kullanilmistir. Inceleme sonucunda; yeni siirgiin boyu 155.60 c¢m ile 52.40 cm, yeni
stirgiin capt 12.48 mm ile 4.32 mm, gévde ¢ap1 54.22 mm ile 12.18 mm arasinda gelisim gostermistir. Cigeklenme
baslangici ve ¢iceklenme sonu en erken Zaza ¢esidinde, en ge¢ Hacihaliloglu ¢esidinde goriilmiistiir. Bu bulgular
1s181inda Bing6l yoresinin kayisi iiretim deseni igerisinde yer alabilecek imkanlara sahip oldugu degerlendirilmisgtir.

Anahtar Kelimeler: Bingdl, kayisi, generatif gelisme, vejetatif gelisme

Determination of Plant Growing of Some Apricot Cultivars in
Bingol Region

ABSTRACT: This study was carried out to determine vegetative and generative growth of apricot cultivars Zaza,
Cataloglu, Kabaasi and Hacihaliloglu in Bing6l conditions between 2011 and 2012. In the present study, ranges
for the new shoot length 52.40 cm and 155.60 cm, new shoot diameter 4.32 mm and 12.48 mm and trunk diameter
12.18 mm and 54.22 mm were obtained. The first flowering and end of flowering in the earliest Zaza varieties, in
the latest Hacihaliloglu varieties was seen. It was evaluated that Bing6l region have a potency of apricot production.

Keywords: Bingdl, apricot, generative growth, vegetative growth
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GIRIS

Kayisinin (Prunus armeniaca L.) anavataninin
Cin’e kadar uzandigi ve Anadolu topraklarina
girisinin iki bin yildan fazla bir ge¢misi oldugu
bilinmektedir (Eris ve Barut, 2000; Giilcan, 2001;
Ozgagiran ve ark., 2004). Ayrica Anadolu’nun pek
¢ok meyve tiri ile birlikte kayisinin da anavatani

durumunda oldugu bildirilmistir (Janick ve Moore,
1975; Bostan, 1994).

Diinya kayis1 iretimi bakimindan Tirkiye,
yaklasik 676 000 ton iiretim ile Iran, Ozbekistan ve
Italya’nin 6niinde ilk siray1 almistir (Anonim, 2011).
Bing6l ilinde ise; 500 da alanda 423 ton iretim

yapilabilmektedir (Anonim, 2013a).

Ulkemizde kayis1 ve yetistiriciligi
yaygin olarak yapilmakla birlikte ekonomik olarak
yetistiriciligi bazi bolgelerimizde yogunlagmistir.
Malatya bolgesi, Elazig-Erzincan-Sivas bdlgesi,
Akdeniz bolgesi, Kars-Igdir bolgesi, Ege bolgesi,
Ic Anadolu bélgesi ve Marmara bolgesinde farkli
yogunluk ve c¢esit deseninde iiretim yapilmakla
birlikte toplam iiretimin yarisindan fazlasini Malatya
bolgesi karsilamaktadir (Asma, 2000; Asma ve Kan,
2001; Durmus ve Yigit, 2003; Ercisli, 2004).

zerdali

Iliman iklim meyve tiirleri arasinda bulunan
kayisinin bazi ¢esit ve tipleri subtropik iklim
kosullarinda bile yetistirilebilmektedir. Bdylece
meyveler ¢cok erken zamanda olgunlasarak turfanda
meyvecilik yoniinden de 6nem kazanmaktadir (Kaska
ve ark., 1982). Ulkemizin Mersin ilinde yillik kayist
iretimi yaklagik 47000 ton olarak bildirilmistir
(Anonim, 2013a). En uygun ilkim o6zelligine sahip
olan yerler ise kislari nispeten soguk yazlar1 sicak
gegen yerlerdir. Yaz ayinda hava nispi neminin de
diisiik olmasi istenir (Ozbek, 1978). Hacihaliloglu ile
Kabaagi ise en onemli kurutmalik kayisi ¢esitlerimiz
olarak karsimiza ¢ikmaktadir (Asma ve Akca, 1996;
Batmaz, 2005).

Kayaisi gesitlerinin ciddi ekolojik adaptasyon sorunu
oldugu ve kayisilarda islah amagclarindan birisinin
de cesitlerin farkli ekolojilere uyumunu saglamak
suretiyle hasat zamanlarimi uzatmak ve pazara ¢ok
daha genis bir zaman dilimi i¢inde Uriin sunabilmek
oldugu vurgulanmistir (Mehlenbacher et al., 1991). Bu
bakimdan iilkemizin farkli ekolojilerinin yetistiricilik
acisindan potansiyelinin belirlenmesi yararli olacaktir.
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Nitekim bu paralelde yapilacak arastirmalar ¢esitlerin
pazarlarda daha uzun siireli kalma sansin1 artiracaktir
(Yarilgag ve Kazankaya, 2002).

Bu calisma ile kurutmalik kayisi iiretiminin
tamamina yakin kisminin gerceklestigi Malatya
bolgesinde en fazla yetistirilen kayisi cesitlerinin,
Bingdl ekolojik sartlarindaki vejetatif ve generatif
gelisim durumlarinin belirlenmesi amaglanmastir.

MATERYAL VE YONTEM
Calisma, 2011-2012 yillar1 arasinda Bingol
Universitesi  Ziraat Fakiiltesi Arastirma  ve

Uygulama bahgesinde yiiriitiilmiistiir. Arastirmada
Cataloglu, Kabaasi, Hacihaliloglu ve Zaza cesitleri
kullanilmistir. Bahgede kiiltiirel islemlere diizenli
olarak devam edilmistir. Agaglar damlama sulama
sistemi ile sulanmigstir. Fidan dikimi, sira aras1 4 metre
ve sira iizeri 4 metre olacak sekilde yapilmigtir.

Arastirma, tesadiif bloklar1 deneme desenine gore
5 tekerriirlii olarak planlanmis ve yiiriitiilmiistiir.
Her bir fidan bir tekerriir olacak sekilde 4 cesit
ve 20 fidandan alinan iki yillik ortalama veriler
degerlendirilmistir. Verilerin degerlendirilmesinde
JMP  istatistik  programi  ve  ortalamalarin
karsilastirilmasinda LSD testi kullanilmistir.

Vejetatif gelisme parametreleri Ertiirk ve Glileryiiz
(2008)’den uyarlanan metoda gore belirlenmistir.
Buna gore aga¢ govde boyu; kdk bogazi bolgesinin
5 cm iizerinden ilk dallanmanin bagsladigi yere kadar
olan kisimdan heniiz tomurcuk patlamadan Once
Olciilmistiir. Govde ¢ap1; gdvde boyunun yarisindan
yaz boyunca yedi kez Olgiilmiistiir. Gelisimi takip
edilmek iizere yeni siirgiinii olusturacak dal rastgele
belirlenip sprey boyaileisaretlenmistir. Her agactabu
yontemle isaretlenen dalin ¢ap1; govdeye baglandigi
yerden itibaren 5 cm {izerinden olmak iizere yaz
boyunca yedi kez dl¢lilmiistiir. Bu segilen dalin tepe
tomurcugunun siirmesiyle olusan yeni siirgiinde
ise ayni yontemle ¢ap ve boy Ol¢iimii yapilmistir.
Govde capi, secilen dal ¢ap1 ve ¢ikan siirgiin capi
6l¢timlerinde 0.01 mm duyarlikli kumpas, aga¢ boyu
Ol¢iimiinde mira, diger Olgiimlerde ise celik serit
metre kullanilmistir. Baglangi¢ 6l¢iimleri tomurcuk
patlamasindan Once tek seferde tamamlanmais,
sonraki Ol¢iimler ise ¢igeklenme sonunu takiben
2011 yilinda 1 Mayis ve 2012 yilinda 1 Haziran
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tarihlerinde baslatilarak 15 giinliik araliklarla 7 kez BULGULAR VE TARTISMA
tekrarlanmustir. Generatif Gelisme
Generatif gelisme evreleri; tomurcuk patlamasi Yérede 2012 yilinda ozellikle Ocak-Mart aylari

(¢igek tomurcuklarinin koyu kahverengi pullari sart  graginda giinliik sicakliklarin 2011 yilina gére daha
yesil renge doniigerek hafifce sismeye basladigi giigiik olmasindan dolayi iki yil arasindaki ¢igeklenme
donem), ¢igeklenme baslangict (¢igeklerin %5’inin  zamani énemli oranda degismistir (Cizelge 1). Uzun
agtifl donem), tam ¢igeklenme (gigeklerin %70-  yillar iklim ortalamalarina bakildiginda da 2011 yilinin
75’inin agtigi dénem) ve ¢igeklenme sonu (tag  ekstrem bir karakter sergiledigi ve nispeten daha iliman
yapraklarin  %95’inin dokiildigii donem) olarak  bir kig ve bahar mevsimi yasandig1 goze ¢arpmaktadir
belirlenmistir (Ertiirk ve Giileryiiz, 2008). (Cizelge 2).

Cizelge 1. 2011 ve 2012 yillarina ait meteorolojik veriler, (Anonim, 2013b)

Ocak Subat Mart Nisan Mayrs Haziran Temmuz  Agustos Eyliil Ekim Kasim  Arahk

Max.Sicakhk Ort. 52 53 11.9 15.7 21.5 28.9 34.4 342 29.1 20.8 7.7 5.4
Min. Sicakhk Ort. -3.1 -3.1 1.0 6.1 9.7 14.2 19.6 19.6 14.7 7.2 -1.4 -4.2
= Max. Sicakhk 8.8 9.6 19.5 25.6 28.5 333 39.5 38.5 33.2 29.3 15.6 8.8
s Min. Sicakhk -7.2 -10.1 -5.4 -2.7 5.4 10.0 14.9 15.2 9.8 1.8 -8.0 -8.9
Sicaklik Ort. 0.5 0.7 5.7 10.3 15.2 21.8 26.9 27.0 21.4 133 2.4 -0.1
Ort. Nem 69.1 69.7 53.8 68.1 59.9 42.7 31.2 279 35.8 45.8 60.6 66.4
Giineslenme Siiresi 4.12 4.17 5.33 3.52 5.51 8.52 8.18 9.10 7.49 6.53 5.01 431
Max. Sicakhik Ort. 1.7 1.0 4.5 18.5 23.7 30.9 34.1 35.1 30.8 223 15.0
Min. Sicakhk Ort. -4.2 -8.5 -4.2 6.2 11.2 17.0 203 19.8 15.1 10.3 5.0
Max. Sicakhk 7.9 7.0 10.2 25.6 28.2 36.3 39.2 37.7 34.3 32.1 19.1
§ Min. Sicakhk -14.5 -16.0 -11 0.5 8.0 10.5 13.4 16.1 11.4 5.4 -0.7
Sicaklik Ort. -1.6 -4.3 -0.3 11.9 16.9 24.7 27.6 27.2 22.6 16.3 9.4
Ort. Nem 81.6 69.7 66.5 55.6 56.5 33.1 27.4 26.8 29.3 52.3 69.7
Giineslenme Siiresi 1.81 5.03 4.74 6.47 6.29 9.33 9.17 9.33 8.33 6.30 4.07

Cizelge 2. Uzun yillar ortalamasi meteorolojik veriler (Anonim, 2013b)

Ocak Subat Mart Nisan  Mayis Haziran Temmuz Agustos Eyliil Ekim Kasim Arahk

Bingol
Uzun Yillar i¢inde Gergeklesen Ortalama Degerler (1970 - 2011)

Sicaklik (°C) -2.7 -1.5 4.0 10.7 16.2 22.0 26.7 26.3 21.1 14.0 6.4 0.2

En Yiik Sic (°C) 1.9 33 9.2 16.4 227 29.3 34.6 34.6 29.8 21.5 12.1 4.7

En Diis Sic (°C) -6.3 -52 -0.3 5.7 10.0 14.6 19.0 18.5 13.6 8.2 2.0 -3.2
Giinesl Siiresi (saat) 33 4.2 5.0 53 7.3 9.4 9.6 9.3 8.3 6.2 4.3 3.0

Yagish Giin Sayisi 12.2 12.5 13.8 154 14.0 59 1.9 1.6 2.5 8.5 9.4 12.2
Aylik T. Yag. M. (kg m?) 1243 138.6 128.7 124.2 75.4 22.4 5.8 4.0 10.2 65.7 109.1 129.8

Uzun Yillar icinde Gergeklesen En Yiiksek ve En Diisiik Degerler (1970 - 2011)

En Yiik. Sicakhik (°C) 13.3 16.2 22.3 30.3 334 38.0 42.0 413 37.8 32.0 23.0 22.8
En Diis. Sicakhk (°C) =232 -21.6 -20.3 -7.2 1.0 5.8 8.8 9.2 4.2 2.4 -15.0 -25.1
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Her iki deneme y1linin ortak verilerine gore gesitlerin
ciceklenme donemleri Cizelge 3’te verilmistir. Buna
gore iki vejetasyon yilinin ¢igeklenme donemleri
arasinda 4-5 haftalik bir fark bulunmaktadir. Bunun
yaninda 2012 yili ¢igeklenme takvimi bolgenin olagan
karasal iklim kosullarina daha yakin degerlendirilmistir.
Nitekim Van Goli g¢evresinde tomurcuk patlamasinin
genotiplere gore degismekle birlikte Nisan aymin ilk 10
giinii icerisinde basladigi, Mayis ayinin ilk haftasinda
ise ¢igeklenme sonuna ulagildigi bildirilmistir (Balta
ve ark., 2002). Asma ve Akg¢a (1995), Malatya ilindeki

Cizelge 3. Kayisi gesitlerinin ¢igeklenme donemleri

dort farkli ekolojik bolgede Hacihaliloglu, Kabaasi,
Soganci ve Hasanbey cesitlerini takip etmiglerdir.
Tam ¢iceklenmenin Merkezde 25-28 Mart, Battalgazi
bolgesinde 19-25 Mart, Kale bolgesinde 17-19 Mart,
Darende Bolgesinde ise 4-6 Nisan tarihleri arasinda
gergeklestigini bildirmiglerdir. Ozydriikk ve Giileryiiz
(1992), Igdir ovasinda Salak, Tebereze, Agerik, Ordubat
ve Agcanabat kayisi ¢esitlerinde yaptiklar1 aragtirmada,
tam c¢iceklenmenin 31 Mart (Agerik) - 6 Nisan
(Agcanabat) tarihleri arasinda oldugunu, ¢igeklenmenin
ise 8-12 giin siirdiigiinii tespit etmislerdir.

Yil Cesit Tomurcuk Patlamasi Ciceklenme Baslangici Tam Ciceklenme Ciceklenme Sonu
Zaza 10-11 Mart 14-18 Mart 20-23 Mart 24-27 Mart
Cataloglu 12-14 Mart 15-17 Mart 19-22 Mart 23-26 Mart

2ot Kabaasi 10-15 Mart 16-20 Mart 19-24 Mart 27 Mart
Hacthaliloglu 11-15 Mart 15-18 Mart 20-24 Mart 24-28 Mart
Zaza 19-21 Nisan 22-24 Nisan 28 Nisan 30 Nisan-2 May1s
Cataloglu 21-23 Nisan 26-28 Nisan 30 Nisan-2 May1s 3-7 May1s
2012 Kabaas1 22-23 Nisan 25-30 Nisan 29 Nisan-5 May1s 3-11 Mayis
Hacihaliloglu 22-23 Nisan 25-30 Nisan 30 Nisan-5 May1s 4-11 Mays
Onceki calismalar incelendiginde Bingdl yéresi Vejetatif Gelisme

kayisilarinin Malatya ydresi kayisilarina gore daha geg
ciceklendigi goriilmiistiir.

Ayrica her iki deneme yilinda da ilkbahar son
donlarindan zarar goriilmedigi izlenmistir.

Bu veriler 15181nda; bolgenin iklim yapisinin kayisi
iiretimine imkan saglayabilecek karakter tagidigi ortaya
¢ikmaktadir.
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Deneme alanindan alinan toprak numunesi analiz
sonuglarina gore toprak yapisi killi-tinli, pH degeri
7.48, kire¢ miktar1 %4.548, organik madde miktar
%2.41, azot oran1 %0.12, fosfor miktar1 4.61 kg da”' ve
potasyum miktart 37.4 kg da! olarak tespit edilmistir.
Bu calismada elde edilen baslangi¢c degerleri Cizelge
4’te, ciceklenme sonunu takiben 105 giin sonunda
alan nihai gelisim degerleri ise Cizelge 5’te iki yil
ortalamasi olarak verilmistir.

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



Baz1 Kayis1 Cesitlerinin Bing6l Bolgesindeki Gelisim Durumlarmimn Belirlenmesi

Cizelge 4. Vejetasyon baginda ¢esitlerden alinan bazi fiziksel dzelliklere ait ortalama degerler

Cesit AB (cm) GU (cm) GC (mm) SDU (cm) SDC (mm)

Zaza 172.00 a 73.44 a 31.76 a 23.70 a 7.30a
Cataloglu 107.60 b 50.00 b 6.90b 2142 a 2440
Kabaasi 98.20 b 61.00 ab 5.52b 16.50 a 2.28Db
Hacihaliloglu 121.40 b 62.60 ab 6.80 b 24.80 a 340 b
Ortalama 124.80 61.76 12.75 21.61 3.86
F degeri 4.25% 1.75 ns 142.38%* 0.81 ns 6.52%%*

AB: AgagBoyu; GU: Govde Uzunlugu; GC: Govde Capr; SDU: Segilen Dal Uzunlugu; SDC: Segilen Dal Gapt

*P<0.05; **P<0.01; ns: Onemsiz

Cizelge 5. Vejetasyon sonunda ¢esitlerden alinan bazi fiziksel 6zelliklere ait ortalama degerler

Cesit GC (mm) SDC (mm) YSB (cm) YSC (mm)

Zaza 5422 a 16.26 a 155.60 a 12.48 a
Cataloglu 14.56 bc 7.56b 57.40Db 480D
Kabaas1 12.18 ¢ 6.14b 30.22b 432b
Hacihaliloglu 16.84 b 6.96 b 52400 4540
Ortalama 24.45 9.23 73.91 6.54
F degeri 273.83%%* 3.87* 4.93%* 6.36%*

GC: Govde Cap1; SDC: Secilen Dal Cap1; YSB: Yeni Siirgiin Boyu; YSC: Yeni Siirgiin Cap1

*P<(.05; **P<0.01; ns: Onemsiz

Cesitler arasinda baglangic aga¢c boyu, govde
cap1 ve secilen dal c¢apr degerleri bakimindan 6nemli
diizeyde fark goriiliirken, baslangic goévde uzunlugu
ve secilen dal uzunlugu degerleri bakimindan anlaml
diizeyde fark goriilmemistir (Cizelge 4). Vejetasyon
sonunda alinan tiim degerler bakimindan ise gesitler
arasinda 6nemli diizeyde farklilik oldugu gozlenmistir
(Cizelge 5). Zaza cesidi diger ii¢ ceside gore baslangic
ve nihai vejetatif gelisim sonuglari agisindan en yiiksek
degerlere sahip bulunmustur. Yeni siirgiin boyu dikkate
alimdiginda Zaza c¢esidi 155.60 cm ortalama ile ilk
sirada gelirken, Kabaasi ¢esidi 30.22 c¢cm ortalama ile
en zayif gelismeyi temsil etmistir. Yeni siirgilin capi ise
Zaza g¢esidinde 12.48 mm olurken, Kabaasi ¢esidinde
4.32 mm olmustur. Erzincan’da yiiriitiilen bir calismada
3 yaslh kayist fidanlarinin ortalama siirgiin boyu 17.00
cm ile 54.00 cm arasinda, siirgiin kalinligi ise 20.75 mm
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ile 32.75 mm arasinda degismistir (Ertiirk ve Giileryiiz,
2008). Van ilinde yiiriitiilen bir ¢aligmada 6 yaslh kayisi
fidanlarinda goévde capr gelisimi 4.91 cm ile 6.40 cm
arasinda bulunmustur (Yarilgag ve Kazankaya, 2002).
Bu calismalardan elde edilen sonuglar incelendiginde;
Zaza ¢esidinin ¢ok giiclii gelisme gosterdigi, kurutmalik
degeri yiiksek olan Hacihaliloglu ¢esidinin ise diger
bolgelere benzer diizeylerde vejetatif gelisme kaydettigi
goriilmiigtiir.

Vejetasyon donemi igerisinde almman 7 olgiim
sonucuna gore ¢esitlerin siirgiin boyu ve siirgiin
cap1 gelisim egrileri elde edilmistir. Buna gore Zaza
¢esidinde en hizli gelisim araligi tam cigeklenmeden
itibaren onbes ile otuzuncu giinler arasinda yani ilk
kirk bes giin, tim vejetasyon donemi igerisindeki
bliylimenin yarisindan fazlasinin  gerceklestigi
dénem olmustur. Siirgiin ¢ap1 gelisimi siirgiin boyu
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gelisim hizina gore paralel bir seyir izlemis ve
vejetasyon donemi sonuna dogru ikinci bir gelisim
periyodu gostermistir (Sekil 1). Cataloglu ¢esidinde
yeni slirgiin boyu ve ¢api gelisimindeki en hizh
degisimin altmis ile yetmis besinci giinler arasindaki
donemde gergeklestigi  belirlenmistir. Cataloglu
cesidinde vejetasyon donemi baslangicinda yavas bir

ZAZA
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Sekil 1. Zaza ¢esidinin siirgiin gelisimi

Kabaasi c¢esidinde ilk kirk bes giin igerisinde
siirgiin boyu ve capinda yavas bir gelisim oldugu,
sonraki donemde artmaya basladigi ve doksan ile
yliz besinci giinde belirgin bir fark olusturarak

vejetasyon donemini tamamladigi belirlenmistir
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Sekil 3. Kabaagi ¢esidinin siirgiin gelisimi
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gelisme goriilmesine ragmen devamindaki donemde
gelisme hiz1 artmis ve donemin sonuna kadar bu hiz
siirdiiriilmiigtiir. Siirglin boyunda baslangicta yavas
olan biiyiimenin aksine siirglin ¢ap1 gelisimi daha
diizenli olmustur. Zaza ¢esidinde oldugunun aksine
Cataloglu c¢esidinde siirgiinde boy uzamasi yerine
captaki gelisim daha hizli olmustur (Sekil 2).

CATALOGLU
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Sekil 2. Cataloglu ¢esidinin siirgiin gelisimi

(Sekil 3). Hacihaliloglu cesidinde ise siirgiin boyu
ve ¢ap1 bakimindan en iyi gelisimin ilk olarak altmig
ile yetmis besinci giinlerde ve sonrasinda doksan
ile yliz besinci giinlerde olmak tizere iki periyotta
gerceklestigi tespit edilmistir (Sekil 4).
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Sekil 4. Hacihaliloglu ¢esidinin siirgiin gelisimi
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Erzincan’da yapilan bir c¢alismada zerdali
¢ogirlerinin i donemde gelisimlerini tamamladiklari,
gelisme gore  ¢ogiirlerin

incelendiginde toplam ¢6giir uzunlugunun %42.38’inin

dénemlerine durumu
1. bliyime doéneminde, %44.06’sinin 2. biyiime
doneminde ve %13.55’inin 3. biiyiime doneminde
meydana geldigi bildirilmistir. Ayn1 ¢alismada sert
¢ekirdekli meyve ¢ogiirlerinin ayni yilin sonunda
as1 yapilabilecek biiyiikliige ulastigi ancak yumusak
cekirdekli meyve ¢ogiirlerinin  ayn1 performansi
gostermedigi de kaydedilmistir (Bolat, 1994). Van
ekolojik kosullarinda yiiriitiilen bir ¢alismada ise kayisi
cogiirlerinde vejetasyon periyodu igerisinde 3 gelisim
sathasinin bulundugu, ¢égiir gelisim hizinin en fazla
1. ve 2. dénemlerinde meydana geldigi ve biiylimenin
Eyliil ay1 bagindan itibaren giderek azaldigi saptanmigtir
(Tekintas ve ark., 1991).

SONUC

Bingdl yoresinde yetistirilen kayisilarin  genel

gelisgim  siirecinde olumsuz bir durum
goriilmemektedir. Beklenen gelisim siirecinin diger

calismalarin sonugclari ile ortiistiigii ve dolayisiyla bir

herhangi

gelisme sorunu yasanmayacagi diisliniilmektedir.

Bing6l Yoresinin ekolojik olanaklar1 agisindan
dikkate deger oldugu, diinyanin en biiyiik kayis1 iiretim
merkezlerinden olan Malatya Bolgesine ¢ok yakin
oldugundan pazarlama kolayliklarimin bulundugu,
diger
kullanilarak daha detayli ¢aligmalar yapilmasinin

incelenen c¢esitler ve kayis1 ¢esitlerimiz

yararli olacag1 degerlendirilmektedir.
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Morphological and Anatomical Study on Gladiolus antakiensis
A. P. Hamilton and Gladiolus atroviolaceus Boiss. (Iridacee)

Kadriye YETISEN!, Yurdanur AKYOL', Bahattin BOZDAG', Canan OZDEMIR'

ABSRACT: The study is based on anatomical andmorphological investigations of Gladiolus antakiensis A. P.
Hamiltonand Gladiolus atroviolaceus Boiss. Morphological and anatomical features of vegatative organs of the
plant such as root, scape, and leaf have been given in detail and demonstrated by figures. It has been observed that
cormtunic is coarsely reticulate fibrous in these two species. Sand crystals have been observed in G. antakiensis
species. Sclerenchyma groups have been observed around leaf vascular bundle in both of species. Most of the
anatomical properties of both species are similar to the other member of Iridaceae family.

Key Words: Anatomy, Gladiolus antakiensis, Gladiolus atroviolaceus, Iridaceae, Morphology

Gladiolus antakiensis A. P. Hamilton and Gladiolus atroviolaceus
Boiss. (Iridacee) Uzerine Morfolojik ve Anatomik Calisma

OZET: Calismamizda Gladiolus antakiensis A. P. Hamilton ve Gladiolus atroviolaceus Boiss. tiirleri iizerinde
morfolojik ve anatomik aragtirmalar yapilmistir. Kok skapus ve yaprak gibi vejetatif organlarinin morfolojik ve
anatomik karakterleri detayli bir sekilde incelenerek fotograflanmistir.iki tiirde de kormtunigin inretikulat fibrilli
oldugu gozlenmistir. G. antakiensis tiriinde kum kristalleri saptanmigtir. Tiirlerde yaprak iletim demetlerinin
etraflarinda sklerenkima gruplari goézlenmistir. Calisilan tiirlerin anatomic 6zelliklerinin ¢ogu Iridaceae
familyasinin diger iiyeleriyle benzerlik gostermektedir.

AnahtarKelimeler: Anatomi, Gladiolus antakiensis, Gladiolus atroviolaceus, Iridaceae, Morfoloji
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INTRODUCTION

Gladiolus L. (Iridaceae) is a large genus has a
distribution of Africa, the Mediterranean basin and
Western Asia. It is placed in Iridaceae, subfamily of
Crocoideae. The genus includes approximately 150
species (Dahlgren, 1985). There are nine Gladiolus
species in Turkey, four of them are endemic (Davis,
1984). Theyare small and fairly tall herbs. The corms
of Gladiolus species are ovate or globose to flattened
and enclosed by several layers of brownish fibrous
tunics. Lowest leaf is reduced to a subterranean
sheathing cataphyll and cauline leaves may be two or
many, synanthous, ensiform. The perianth of Gladiolus
species are tubular or funnel-shaped with syntepalous
(Davis, 1984; Dahlgren, 1985). Thetaxonomy of
Gladiolusis complex in a general way. Status and
delimitation of many of its species are uncertain or
confused. There are some studies about Gladiolus
species (Erol, 2006; Tan, 2006; Gabrielian, 2001;
Akinar, 2011) but any morphological and anatomical
studies has not been observed on Gladiolus antakiensis
A.P. Hamiltonand Gladiolus atroviolaceus Boiss.
In this study morphological and anatomical features
investigated of G. antakiensisand G. atroviolaceus.

MATERIALS AND METHODS

Plant specimens were collected from natural
population in flowering period. G. antakiensis were
collected from C4 Mersin. G. atroviolaceus samples were
collected from A8 Erzurum. The collected specimens
were kept in the herbarium of Celal Bayar University.
The taxonomic description of the plant was carried out
accordingto “Flora of Turkey” Volume 8 (Davis, 1984).

Figure 1. General appearance of G. antakiensisin natural habitat
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Morphological measurements were made from fresh
plant materials. For anatomical studies plant specimens
were fixed in 70% ethanol. The paraffin method was
used for preparing a cross-section of root, scape and
leaves (Algan, 1981). Transverse sections 15-20p
were made using a sliding microtome and stained with
safranin-Fast Green. Hand-cut sections were also made
and stained with sarturre agent (Celebioglu and Baytop,
1949). Microscopic slides were photographed with
motorized Leica DM 300 microscope. Measurements
were take nusingocular-micrometer of root, scape and
leaf cell sizes of each species. Minimum, maximum,
meanand standart deviation was determined.

RESULTS
Morphological Results

G. antakiensis: Cormtunic has coarse reticulate
fibres. Stemlenght is 30-72 cm. leaves number are 3-4 in
number. Lamina of basal leave slenght-width is 200-320
x 5-8 mm, it is green, acuteto acuminate shaped, its veins
are irregularly spaced, diverging from base. Spike is 3-6
flowered, lax and not secund. Spat hevalves are unequal.
Perianthcolour is carmineorpurplish-pink. Tube is narrow
and slightly curved. Posterior is 15-19 mm, anterior is 14-
20 mm. Upper segments are not orvery shortly clawed,
acute or broadly acute; median segment is elliptic, 30-35
x 8-10 mm, lateral is narrowly elliptic, 22-24 x 4-5 mm;
lower segments are broadly acute, claw is c. 1/3 x total
length, of segment, median is 24-27 x 3-3.5 mm, lateral
is narrowly obovate, 28-32 x 4-5 mm. Anthers lenght is
12-14 mm, filaments lenght is 12 mm. Style lenght is 2.8
cm it has stigmasdilated at tips. Capsuleshape is obovoid.
Seed shape is broadly ovoid, 1t is lenght is 2.5 x 2 mm
and it is unwinged (Figures. 1, 2, 3).

Figure 2. General appearance of G. antakiensisin natural habitat
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Morphological and Anatomical Study on Gladiolus antakiensis A.P.Hamilton and Gladiolus atroviolaceus Boiss. (Iridacee)

Figure 3. General appearance and some parts of G. antakiensis:
c:corm, ct:cormtunic, f:flower, l:leaf, s:scape, st:stamen

s

Figure 4. General appearance of G. atroviolaceus

Cilt/ Volume: 4, Say1/ Issue: 1,2014

G. atroviolaceus: Cormtunic is coarsely reticulate
fibrous. Stem lenght is 30-60 cm. Leaves numbers are
3. Spike is 4-8 (-11) flowered, dense, secund. Perianth
colour is deep violet-purple, flushed lilac within.
Perianth tube is markedly curved, posterior is (10-)
12-15 mm, anterior is (14-)16-18 mm; lower lateral
segments are streaked with white or liliac with 2 dark
violetlines. Upper median segment is distinctly hooded
in vivo, very shortly clawed, 23-27 (-35) x 10-13 mm,
upper lateral is 23-25(-30) x 842 mm, lower median is
20-22 (-27) x 7-9 mm, lower lateral is narrowly clawed
in lower 1/3, 18-27 x 9-12 mm. Anthers lenght is (10-
)12-15 mm, filaments lenght is 9-15 mm. Capsule is
ellipsoid, to1.8 cm. Seed shape is ovoid, ¢. 2.5 x 2 mm,
it is swinged (Figures. 4, 5).

14 mm

Figure 5. General appearance and some parts of G.
atroviolaceus: c:corm,  f:flower, l:leaf, s:scape, se:seed,
st:stamen, scalebars: 1 cm
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Anatomical Results
G. antakiensis

Root: There is a single layer epidermis outer
surface of G. antakiens is root. Cortex is consisted 6-10
layered parenchymatic cells. Endodermis is single-
layered. The wall thickenings of the endodermal cells
are three sided and towards to pericycle. Pericycleis
single layered. A big metaxylem is present at root
center. 9-10 number xylem strands are present around
the metaxylem (Figure. 6).

Figure 6. Cross section of root of G. antakiensis c: cortex, en:
endodermis, m:metaxylem, xs:xylemstrand

Scape: Scape is covered by a thick cuticle.
There is a single-layered epidermis under the cuticle.
Parenchymatic cortex is 5-9 layered, has intercellular
spaces. Vascular bundles number are 38-40 and they are
located in three circle. Pith are aoccupies very large area
in scape cros ssection. Parenchymaticpith cells have
intercellular space sand they are bigger than compared
to cortex cells. There are sand crystals in cortex and
pitheells (Figures. 7, 8).

Leaf: A thick cuticle is cover edadaxial surface
of G. antakiens is leaf. Epidermis is single layered
in both surfaces. Adaxial epidermis cells are bigger
than abaxial epidermis cells. There are sandcrystals
in mesophile. There is no difference between spongy
and palisadeparenchyma at 9-11 layeredmesophile.
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Figure 7. Cross section of scape of G. antakiensis, c: cortex, e:
epidermis, v: vascularbundle, p:pith, ph:phloem, x:xylem
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Figure 8. Cross section of scape of G. antakiensis, c: cortex,
cr:crystal, ph: phloem, t:trachea
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Morphological and Anatomical Study on Gladiolus antakiensis A.P.Hamilton and Gladiolus atroviolaceus Boiss. (Iridacee)

Mesophilecells are close to the abaxial epidermis have
more chlorophyll. Vascular bundles are located closer
to the abaxial epidermis. Sclerenchyma groups present
around the vascular bundles. There are papillas on
abaxial surface of leaf. Abaxial cuticle is thinner than
other surface. (Figures. 9, 10, 11).

G. atroviolaceus

Root: Outer surface of Gladiolus root is coveredby
a single layer edepidermis. Cortex is 15-20 layered.

There are very small intercellular spaces between
parenchymatic cortex cells. Endodermis is single-
layered.

The wall thickness of the endodermal cells are three
sided and towards to cortex.

Pericycleis single layered and located under the
endodermis. 25-30 metaxylem are present at root.

in root cross section

Pith area is present
(Figure. 12).

Figure 9. Cross section of leaf of G. antakiensis ab: abaxialepi-
dermis, ad: adaxialepidermis, m:mesophile,v: vascularbundle

Figure 10. Cross section of leaf of G. atroviolaceus ab: abaxi-
alepidermis, m:mesophile, pa:papilla

Figure 11. Cross section of leaf of G. atroviolaceus ab:
abaxialepidermis, cr:crystal, cu: cuticle, m:mesophile,
ph: phloem, s: sclerenchyma, t:trachae

Cilt/ Volume: 4, Say1/ Issue: 1,2014

Figure 12. Cross section of root of G. atroviolaceus c:
cortex,en:endodermis, m:metaxylem, p:periskl, xs:xylemstrand
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Scape: Outer surface of scape is covered by
cuticle. Epidermis is single-layered. 3-4 layer cortex
cells are not have collenchyma. 9-12 layered cortex
parenchyma is consisted of collenchymaticcells. This
cells are ovate and circle shaped.

Intercellular spaces are present in the cortex of
scape. Vascular bundle snumber are17-20 and they are
located in two circle. Pitharea is present at the center
of scape. The cells of pith are parenchymatic and have
intercellularspaces. Pith cells are bigger than cortex
cells (Figures. 13, 14).

Leaf:There is a cuticle both adaxialandabaxial
surfaces of Gladiolus leaf. Abaxialcuticle is thicker
than adaxial surface. Epidermis is single layered
on both surfaces. Stomata are generally located on
abaxi alside of the leaf and there are spaces under
the stomata. Abaxial epidermis cells are bigger than
adaxial epidermis cells. There is no differentiation
as spongy and palisade parenchyma at 9-12 layered
mesophile. Vascular bundles are located closer to the
abaxial epidermis. There are papillas on abaxial surface
of leaf (Figures. 15, 16, 17).

Figure 13. Cross section of scape of G. atroviolaceus, c: cortex,
e: epidermis, v: vascularbundle, p:pith

Figure 14. Cross section of scape vascular bundle of G.
atroviolaceus, p:parenchyma, ph: phloem, x:xylem

Figure 15. Cross section of leaf of G. atroviolaceus ab:
abaxialepidermis, ad: adaxialepidermis, m:mesophile,s:stoma
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Figure 16. Cross section of leaf of G. atroviolaceus ab:
abaxialepidermis, cu:cuticle, m:mesophile,pa:papilla
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Table 1. Anatomical Measurements of G. antakiensis and G. atroviolaceus

Width ( pm) Length( pm)

Min-Max Mean+SD Min-Max Mean+SD
G. antakiensis
Root
Epidermiscell 25-32 29.6+4.2 28-45 39.3+5.4
Cortexcell 35-54 43.2+7.5 40-70 61.4+4.7
Endodermis cell 15-23 19.4+2.6 20-35 27.3+£3.2
Metaxylem (diameter) 15-80 36+22.6
Scape
Epidermis cell 12.5-22.5 16.8+4.4 7.5-17.5 10.54£3.67
Cortex cell (diameter) 15-37.5 26+8.6
Trachea (diameter) 10-30 22.5+54
Pith cell (diameter) 27.5-70 43+17.1
Leaf
Adaxial Epidermis 15-25 19.5+4.58 7.5-12.5 11.5+£2.54
Abaxia IEpidermis 10-25 18.75+5 5-10.3 9.7+1.38
Mesophile (diameter) 15-50 22.5+4.47
G. atroviolaceus
Root
Epidermiscell 20-37.5 28.5+6.4 32-47 4245
Cortexcell (diameter) 30-50 41.54+7.6 45-60 53.54+4.8
Endodermis cell 27-32 20+2.1 37-56 45+7.5
Metaxylem (diameter) 17-30 21.5+4.3
Scape
Epidermis cell 10-25 15.5¢4.5 17-27 25+3.8
Cortex cell (diameter) 27-62 39+13
Trachea (diameter) 17-50 32+11
Pith cell (diameter) 40-75 56+13.4
Leaf
Adaxial Epidermis 12-15 13.5¢1.2 22-33 28+3.7
Abaxial Epidermis 17-30 22.5+4.7 17-25 22.542.7
Mesophile 15-20 16.242.1 27-58 41+£11

Cilt/ Volume: 4, Say1/ Issue: 1,2014
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Figure 17. Cross section of leaf of G. atroviolaceus ab:
abaxialepidermis, ad: adaxialepidermis, m:mesophile, ph:
phloem, s: sclerenchyma, t:trachea

DISCUSSION

In our study, morphological and anatomical features
are studied on G. antakiensi and G. atroviolaceus. Our
numerical findings belonging to the morphological
characters of the species seem to be similar to the
first measurements given by Davis in Flora of Turkey
(Davis, 1984).

In root cross sections, while a big metaxylem is
present in G. antakiensis, that 25-30 metaxylem in
G. atroviolaceus. Scape vascular bundles are located
in three circle in G. antakiensis, two circle in G.
atroviolaceus.

Sclerenchyma groups and sand crystals are
distinctive characters for interspecies disorder (Selvi,
2008). According to Fahn (1990), sand crystals were
present in dicotyledone stem and some monocotyledone
members. Crystals are constant character in plant.
Crystal shape and location in plants are very important
for taxonomicstudies (Metcalfe, 1983; Fahn, 1990;
Yentiir, 1995). In our study while sand crystals were
observed in scape and leaf of G. antakiens is species
that not observed in G. atroviolaceus. Sand crystals can
be distinctive for the two species.

36

Abaxial epidermis cells of leaf have papillae in
two species too. Sclerenchyma groups surrounding leaf
vascular bundle have been seen in most monocotyledone
members (Esau, 1977; Fahn, 1990).
sclerenchyma groups were observed around the leaf
vascular bundles in two species. Anatomic characters

Inourstudy,

as metaxylem or vascular bundle number and crystal
type can use distinctive characters between Gladiolus
species. We hope our findings contribute to further
phylogenetic and taxonomic studies about Gladiolus
species.

REFERENCES

Akpinar, E.,Bulut, Y., 2011. A study on the growth and development
of some Gladiolus L. (Iridaceae) varieties planted in different
time under the ecological conditions of Erzurum, African
Journal of Agricultural Research. 6 (13): 3143-3148.

Algan, G., 1981. Microtechnics for the Plant Tissues. Publication of
Firat Univ. Science&Art Faculty, Number:1, Istanbul.

Celebioglu, S., Baytop, T., 1949. A new reagent for microscopical
investigation of plant. Publication of the Instute of
Pharmacognosy, No:10, 19: 301.

Davis, P.H., 1984. Flora of Turkey and the East Aegean Islands.
Edinburgh Univ. Press, Edinburgh,Vol. 8.

Dahlgren, R.M.T.,1985. The Families of the Monocotyledons
Springer Verlag, Berlin, Heidelberg, New York, Tokyo.

Erol, O., Uzen, E., Kiiciiker, O., 2006. Preliminary SEM
Observations on the Seed Testa Structure of Gladiolus L.
Species fromTurkey, International Journal of Botany 2(2):
125-127.

Esau K., 1977. Anatomy of Seed Plants, University of California,
Santa Barbara, London.

Gabrielian E., 2001. Thegenus gladiolus (Iridaceae) in
southernTranscaucasia. Bocconea 13: 445-455.2001. ISSN
1120-4060.

Metcalfe, CR.,Chalk, L., 1983. Anatomy of the Dicotyledons.Vol. 1,
Oxford Unversity Pres, Oxford.

Selvi, S., Erdogan, E., Daskin, R., 2008. Hyacinthella lineata
(Liliaceae) Uzerinde Morfolojik, Anatomik ve Ekolojik
Aragstirmalar. Ekoloji 17: 24-32.

Tan, K., Mathew, B., Baytop, A., 2006. Gladiolus attilae (Iridaceae),
a new species from East Anatolia, Turkey Phytologia
Balcanica, 12(1):71-73.

Yentiir S., 1995. Bitki Anatomisi.istanbul Universitesi Yaynlari,
No: 3808, Fen Fak. Yay. No: 227, Istanbul.

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



Aragtirma Makalesi / Research Article Igdir Uni. Fen Bilimleri Enst. Der. / Iduwr Univ. J. Inst. Sci. & Tech. 4(1): 37-40, 2014

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi

Igdwr University Journal of the Institute of Science and Technology

-+ T+
-~
[
[ N
>
$3
o~
S -
s &
.

= 5
@
« W
— 2
=%
S ¥
- 5
-

¥ g
=
-

ox

PETKIM Atiksuyundan Kaprolaktam Geri Kazamiminda
Uygulanmis Ozgiin Bir Metot

Hasan ERYILMAZ!

OZET: Tiirkiye’deki sentetik iplik sanayi; PP, PES, akrilik gibi iplik tiirleri yaninda, naylon-6 iplik de
iiretmektedir. Bu iplik, tekstil sanayinde ve ozellikle de balik aglari yapiminda kullanilmaktadir. Naylon-6’nin
hammaddesi monomer kaprolaktamdir. Yerli iplik iireticilerinin hammadde ihtiyacini kargilamak icin, Petkim
1976°da kaprolaktam fabrikasini kurup isletmeye almistir. Bu fabrikadan ¢ikan 5 tiir atiksuda, geri kazanilamayan
onemli bir miktar kaprolaktam da bulunmakta, ekonomik kayip ve ¢evre kirliligi olusturmakta idi. Asagidaki
orijinal metot, bu atiksulardan kaprolaktam geri kazanmak i¢in Laksan A.S.’de gelistirilmis; basta kaprolaktam
ve naylon-6 geri kazanma tesisi, daha sonra naylon teknik iplik iiretme tesisi olan Laksan’da endiistriyel olarak
uygulanmistir. Bu metotda, kaprolaktamli Petkim atik ¢ozeltisi, dnce sanayi tuzu (NaCl) ile doyurulmus; sonra
kesikli metotda 3 kademede toplam ii¢ kat benzen ile ekstrakte edilmis; yaklasik on yil sonra devreye alinan tek
kademeli, siirekli (kesiksiz) ve daha verimli metotta da, ters akimla ¢alisan dik kolonda, sadece esit hacimde benzen
ile ekstrakte edilmigtir. Laktamdan distilasyonla ayrilan benzen, yeni ekstraksiyonlarda; a¢ik havada havuzlarda
atik ¢ozeltinin buharlasmasiyla kristallenen tuz da, yeni gelen Petkim atik ¢ozeltilerinin tuzla doyurulmasinda,
tekrar kullanilmiglardir.

Anahtar Kelimeler: Kaprolaktam, benzen, tuz, ekstraksiyon, doyurma, geri kazanma

An Original and Applied Method for Recovery of Caprolactam
from PETKIM Waste Water

ABSTRACT: Synthetic Yarn Industries of Tiirkiye produce materials including PP, PES, acrylic and nylon-6 type
yarns. Of these materials, Nylon -6 yarn is used in textiles and specifically in fish-net productions. In 1970’s there
was an increasing demand for Nylon-6 in native nylon producers in Turkey. In order to meet these demands in 1976,
Petkim built a factory and started to produce monomer caprolactam which is the raw material of Nylon-6. In this
factory, there were five different waste water solitions that carry significant amount of unrecovered caprolactam
which creates environmental pollution as well as economical lost. In order to recover caprolactam, the following
method has been developed and applied to the PETKIM waste water at the Laksan recovery plant in Tiirkiye. First
of all, PETKIM caprolactam waste water has been saturated with industrial salt (NaCl), and then extracted with
benzene.At the beginning of the recovery process,these salty solutions were extracted totally threefold volume
benzene in three-step batch method. After about ten years, the salty solutions were extracted with only equal
volume benzene in a reverse current continuous column as a more improved one-step method. Benzene, separeted
from caprolactam by distillation, was reused at the next extractions and NaCl, crystallized from saturated waste
waters by open-air evaporation, was also reused at the next saturations.

Keywords: Caprolactam, benzene, NaCl, extraction, saturation, recovery
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GIRIS
Kaprolaktam, sentetik iplik tretiminde kullanilan
naylon-6 plastiginin, monomer ham maddesidir. Asit

ve su katalizorliigiinde basing altinda 1sitilarak naylon-
6’ya doniigtiiriiliir.

Tiirkiye’de iplik {ireten fabrikalara
hammadde saglamak icin, Petkim’in Yarimca-izmit
petrokimya kompleksinde, 1976’da kaprolaktam
fabrikas1 kurulup iiretime baglamisti. Bu fabrikadan 5
ayr atik ¢cozelti, geri kazanma ve atik giderme iiniteleri
kurulmadig1 i¢in, Marmara denizine bosaltiliyordu.
Korfez Belediyeleriyle Petkim arasinda, deniz
kirlenmesi nedeniyle hukuki davalarin siirdiigii bir
donemde, Istanbul-Kurtkéy’de kurulmakta olan
Laksan A.S., kaprolaktam atik sularini {istelik parayla
almak tizere Petkim ile anlagti ve Petkim iginde
biiyiik atiksu tanklari kuruldu. Bu tanklarda biriken
atiksular tankerlerle Laksan’a tagindi ve igerisinde geri
kazanilamamis %10’a kadar ¢ikan kaprolaktam, Laksan
geri kazanim tesisinde ektraksiyonla geri kazanildi,
distilasyonla saflagtirildi, polimerizasyon {initesinde
naylon-6’ya doniistiiriilerek graniil halinde enjeksiyon
piyasasina verildi. Boylece ekonomiye katki saglarken
cevre kirliligini azaltici 6rnek fabrikalardan biri olarak
Petkim ile isbirligini 1993 yilina kadar siirdiirdii. Ancak
bu tarihte diinya piyasalar1 ile rekabet edebilecek
ucuz Uretim yapamadigr gerekgesiyle,
kaprolaktam fabrikasi, revizyona gitmek yerine
devrin iktidan tarafindan kapatildi ve diger Petkim
tesislerinin yedek pargasi olarak kullanildi. Halbuki,
Japon UBE Industries tarafindan kurulan bu fabrikanin
Ispanya’daki esi hala ¢aligmaya devam ediyor.

Kaprolaktam  fabrikasi  kapatildiktan  sonra,
Tiirkiye’de kaprolaktam kullanarak naylon-6 iireten ve
ondan da naylon iplik yapan INSA, SIFAS, Tekstiplik
fabrikalar gibi Laksan da naylon-6 graniil ithal ederek
diisiik karlarla teknik iplik tiretmek zorunda kalmistir.
Ve nihayet 2001 ekonomik kriziyle gelen biiyiik borg
yiikiine dayanamamis ve once 3 vardiya full-time’dan
kistm kisim  part-time’a da yok-time’a
gecerek 2003’°te kapanmistir. Bugilin ekonomik olarak
saklanmaya ihtiya¢ kalmamis olan bu geri kazanma
metodumuzu, bu konuda yapilacak yeni arastirmalara
yararli olacagim diisiinerek, bu makale ile 6zet olarak
bilim diinyasma kazandirmak istedik. Literatiir
taramasi, kaprolaktam geri kazanma metotlar1 i¢inde
heniiz Laksan metodunun olmadigin gostermistir.

naylon

Petkim’in

sonunda
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Kaprolaktam Petkim’de, benzen-sikloheksan-
sikloheksanon-sikloheksanonoksim-kaprolaktam
(derisik ~ H,SO,  katalizorliigiinde =~ Beckmann
¢evrilmesiyle) basamaklarindan gegerek olusuyor,
sonra NH, ile notrallestirme, benzen ile ekstraksiyon
ve vakum distilasyonu ile saflagtiriliyor, bu islemler
sirasinda c¢ikan 5 cins atik ¢ozelti de tanklarda
biriktiriliyordu. Tankerlerle Laksan’a tasinan ¢ozeltide
%8-10 kaprolaktam bulunuyordu. Cozeltiler 5 tiirii de

birlesik halde agik ¢ay rengindeydiler.

Kaprolaktam 20°C de 1 litre suda yaklagik 4560g
¢Ozilinir (Wikipedia, 2013), 1 litre benzende ise
yaklasik olarak 580 g ¢oziiniir (Gong et al., 2010).
(Sutkaprolaktam+benzen) iclii dengesinde ise,
benzen ve su fazinda ¢éziinen kaprolaktam i¢in benzen/
su dagilim katsayis1 Kd, 20°C de 0.38°dir (Glazko et
al., 2007). Buna gore dengede kaprolaktamin yaklagik
%281 lstteki benzen fazinda, %72’si ise alttaki su
fazinda bulunur.

Petkim kaprolaktam atik suyu, benzen ile
ekstraksiyon {initesinden ¢iktig1 i¢in hem benzen ile
doygun haldedir, hem de i¢inde amonyum siilfat,
amonyum siilfamat ve organik asitlerin (C,-C,) tuzlar
bulunmaktadir. Bu nedenle ekstraksiyonda benzen
kullanmaya karar verdik. Benzen ve sulu fazlardaki
kaprolaktam dagilim katsayisini, benzen tarafina
dogru arttirmak igin de, sulu artik ¢ozelti, piyasadan
alinmig iri kristal sanayi tuzu ile tam doyuruldu.
Tuzla doyurulmus kaprolaktam artik c¢ozeltisinin
esit hacimde benzen ile ekstraksiyonunda, benzen
fazindaki kaprolaktam yaklasik %48’e yiikseltilirken,
sulu fazda kalan miktar yaklasik %52’ye inmistir.
Boylece kaprolaktam dagilim katsayist1 0.38’den
yaklagik olarak 0.92’ye yiikseltilmis olur. Baglangigta
atik c¢ozeltide %8-10 kadar bulunan kaprolaktam
miktari, esit hacimde benzen ile art arda yapilan 3
kez ektraksiyonla sulu fazda yaklasik olarak %1.1-
1.4’ e kadar diiser. Ekonomik olmadig1 i¢in daha fazla
ekstraksiyon yapilmamis ve atik ¢ozeltiler yaklasik
olarak 4x5x50 m boyutunda 4 kademeli beton havuza
bosaltilmistir. A¢ik havada buharlasan ¢ozeltilerden
kristallesip ¢oken tuz,
gelen atik ¢ozeltiyi doyurmak igin tekrar kullanilir.
Buharlasmadan dolay1 a¢ik havada beklerken atik
cozeltideki kaprolaktam yiizdesi de 2-3 kat artar
ve prosesteki bos zamanlarda tekrar ektraksiyona

siiziilip yikanarak yeni
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PETKIM Atiksuyundan Kaprolaktam Geri Kazaniminda Uygulanmis Ozgiin Bir Metot

almarak, bir miktar daha kaprolaktam geri kazanilmis
olur. Tuzlu ¢dzelti ile temas eden; tuzla doyurma,
ekstraksiyon, dinlendirme, sevk borular1 ve pompalar
gibi biitlin iiniteler tamamen 316L kalite paslanmaz

celikten imal edilerek korozyon problemi ¢oziilmiistiir.
Kisaca 6zetledigimiz kesikli ¢alisan bu ektraksiyon
metodunda, atik ¢o6zelti hacminin 3 kati benzen
kullanilmaktaydi (Sekil 1).
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Sekil 1. Laksan fabrikasi, kaprolaktam geri kazanma iinitesinin akim semasi

Hem saglik, hem de yangin tehlikesi nedeniyle,
benzeni distilasyonla geri kazanma {initesi tamamen
kapali sistem ¢aligtigi igin, benzen kaybi ¢ok az idi. Buna
ragmen, Petkim kaprolaktam fabrikasi kapanmadan
i¢ yil dnce Laksan, kesintisiz ve ters akimla c¢aligan
ektraksiyon kolonunu devreye almig, 3 kat hacim
yerine laktamli1 ¢6zeltinin hacmine esit hacimde benzen
kullanarak, tuzlu atiksudaki kaprolaktam miktarini
%1’in altina diisiirmiistiir. Aralarinda yaklagik 20 cm
aciklik bulunan, her birinin iistiinde yaklagik 3 mm
capli ylizlerce delik agilmig olan ve bir iist tabakadan bir
alt tabakaya inis agikliginin ¢aprazlama olarak monte
edildigi, Ust iste yerlestirilmis 24 tabakadan olusan
dik kolona, benzen alttan girip {listen ¢ikarken, tuzlu
atiksu da iisten girip alttan ¢ikiyordu. Geri kazanma
maliyetlerini ¢ok azaltmis olan dik kolon, Petkim
kaprolaktam fabrikasinin kapanmasi nedeniyle, ancak
yaklasik {i¢ y1l kullanilmigtir. Petkim atik sularindan
kaprolaktam geri kazanma; ayrica, Tiirkiye’deki diger
naylon-6 fireticilerinden alinan naylon oligomerlerinin
ve deselerinin depolimerizasyonu ile ilave kaprolaktam
kazanma; geri kazanilmis laktamlar ile orijinal laktamin
belirli oranlarda karistirilarak polimerizasyonu; naylon
graniillerdeki oligomerleri saf su ile ektraksiyon;

Cilt/ Volume: 4, Say1/ Issue: 1,2014

temizlenmis naylon-6 graniillerini vakumda kurutma ve
diger destek iinitelerinin, tamaminin yerli ve paslanmaz
celik oldugu Laksan fabrikasi, sert 2001 ekonomik
krizine dayanamamis ve sonunda hurda fiyatina tesisi
tasfiye etmistir.

TARTISMA VE SONUC

Literatiir taramasi1 gosterdi ki, benzenin kanserojen
etkisinden dolay1 getirilen siki engeller (EPA, 2012)
nedeniyle, kaprolaktam ektraksiyonunda yeni ¢oziicii-
ler aragtirilmaktadir. Toluen (Delden et al., 2004;Ba-
rega et al., 2013), trikloretilen (Glazko et al., 2007),
klorohidrokarbonlar (Van Delden et al., 2006), 1-Ok-
tanol (Gong et al., 2007), (1-heptanol+heptan) (Gong
et al., 2007; Delden et al., 2007), siklohekzan (Glazko
et al., 2007), (1-heptanol+siklohekzan) (Van Delden
et al., 2002), (1-heptanol+ metilsikloheksan) (Gong et
al., 2007) bu ¢oziiciilerden bazilaridir. Ancak bunlar-
dan klorohidrokarbonlar ve en ¢ok kullanilani trikloro-
etilen, hem c¢evre kirliligi agisindan zararlidir, hemde
sulu ortamda hidroliz ile korozif HCI verir. Oktanol,
heptanol, heksanol gibi ¢oziiciilerin polaritesi arttikca
ve karbon zinciri kisaldik¢a kaprolaktam ekstraksiyo-
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nu daha verimli hale gelmekte (Delden et al., 2006),
ancak ¢oziiclinlin sulu fazdaki ¢oziiniirliigii de arttig
icin, hem ekonomik kayiplar hem de cevre kirletici
etkisi artmaktadir. Ornek olarak benzenin 20°C’de su-
daki ¢oziiniirliigii %0.07 (w/w) iken, siklohekzanol’iin
¢oOziiniirligi %3.6’ya yiikselir (Windholz et al., 1976).
Coziicii kayiplarini azaltmak i¢in ¢oziicii 1-oktanol, po-
lisiilfon mikrokapsiiller iginde korunarak ektraksiyon
yapilmis, ancak kaprolaktami tekrar 1-oktanol’dan geri
almak i¢in H,SO, kullanmak ve sonra NH, ile notral-
lestirmek gerekmistir (Gong et al., 2009) ki, bu da hem
islemi hem de maliyeti arttirir. Bu nedenle, heksanol,
heptanol, oktanol gibi polar ¢oziiciileri yalniz olarak
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veya hekzan, siklohekzan, metilsiklohekzan gibi apolar
coziciiler ile karigik olarak kullanmak yerine, apolar
coziiciileri tek baslarina kullanmak; sulu fazda apolar
¢oOziiciilerin ¢oziiniirliigii az oldugu i¢in ¢oziicli kaybi-
n1 minimuma diislirecek ve dolayisiyla da ekonomik
kayb1 ve gevre kirletici etkisini azaltacaktir. Bu, bizim
uyguladigimiz tuzla doyurma (salt out effect, tuz etkisi)
metoduyla birlestirilirse, apolar ¢oziiciilerin polar ¢ozii-
clilere gore diisiik olan kaprolaktam ¢6zme giicii de kat
kat arttirilmig olacaktir. Doygun tuz etkisiyle, kaprolak-
tamin (benzen-su) i¢indeki dagilim katsayisinda mey-
dana gelen artisina benzer bir artisin, s6zii gegen apolar
¢oziiciiler i¢in de olacagi ¢cok agiktir.
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Fenton ve Fenton-Benzeri Ileri Oksidasyon Yontemleri ile Acid
Yellow 36 Boyar Maddesinin Giderimi

Nihal KOCAKAPLAN!, Nese ERTUGAY?, Emine MALKOC!

OZET: Bu galismada, Acid Yellow 36 (AY36) boyar maddesinin Fenton ve Fenton-benzeri oksidasyon yéntemi
ile giderimi arastirilmistir. Oksidasyon prosesine pH, demir (Fe° ve Fe*), hidrojen peroksit (H,0,) ve boyar madde
konsantrasyonunun etkisi incelenmistir. AY36 giderimi renk, aromatiklik ve KOI {izerinden izlenmistir. Fenton ve
Fenton-benzeri oksidasyonunda renk aromatiklikten daha fazla giderilmistir. AY36 boyar maddesinin gideriminde,
Fenton-benzeri oksidasyonun Fenton oksidasyon prosesinden daha etkili oldugu bulunmustur.

Anahtar Kelimeler: Acid Yellow 36, Fenton Proses, Fenton-benzeri proses, KOI

Removal of Acid Yellow 36 Dyestuff With Fenton and Fenton-Like
Advanced Oxidation Methods

ABSTRACT: In this study, the decolorization of Acid Yellow 36 (AY36) dyestuff by Fenton and Fenton like
oxidation method was investigated. The effect of pH, iron (Fe’ and Fe*?) hydrogen peroxide (H,0,) and concentration
of dyestuff on oxidation process was determined. The removal of AY36 was determined by means of color, aromatic
and COD. The color was more removed than aromatic in Fenton and Fenton-like oxidation. It was found that
Fenton-like oxidation was more effective than Fenton oxidation process in removal of AY36 dyestuff.

Keywords: Acid Yellow 36, Fenton Process, Fenton-like process, COD
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GIRIS

Azo boyar maddeleri tekstil elyafi boyama
isleminde yaygin olarak kullanilmakta olup renkleri,
biyolojik olarak zor ayrnsabilirlikleri ve canlilar
iizerinde potansiyel toksisite teskil etmeleri nedenleriyle
atiksu aritiminda problem yaratabilmektedirler (Reife
and Freeman, 1996). Azo boyalar mikroorganizmalar
tarafindan kolayca degrade edilemezler. Azo boyalar
tekstil  atiklarmin = %60-70’inde  bulunurlar. Bu
boyalar soliisyonlarda ¢oziinilirler ve klasik aritim
teknikleriyle —artimlari  olduk¢a zordur. Parlak
renkleri, basit kullanimlar1 ve diisiik enerji maliyetleri
nedeni ile sanayide oldukca sik kullanilirlar. Cok
az konsantrasyonlarda bile suyun estetik Ozelligini
degistirir ve ¢oziniirliigiinii distiriirler. Fotosentetik
aktiviteyi 6nemli Ol¢iide etkilerler, sucul ortamlarda
15181n  penetrasyonunu azaltirlar ve yapilarindaki
metaller, kloridler ve aromatikler nedeni ile sucul
yasami olumsuz yonde etkilerler (Forgacs et al., 2004).

Ileri Oksidasyon Prosesleri (AOP), toksik ve
kalic1 ozellikteki organik maddeleri hig¢bir ayrim
yapmadan zararsiz son iriinlere doniistiirebilmektedir.
Secici olmayan ve hizli bir sekilde su ortamindaki
organik kirliligi okside eden *OH gibi reaktif tiirlerinin
olusumuna dayanan AOP; UV, UV/HO,; HO,/
Fe** (Fenton prosesi), H,O/Fe® (Fenton-benzeri),
UV/H,O /Fe** (Foto-Fenton prosesi) gibi degisik
modifikasyonlarda uygulanabilmektedir (Giil and
Ozcan Yildirim, 2009). Fenton benzeri Fe®(ZVI)
/H,0,, Fenton oksidasyon prosesi Fe” ve H,O,
karigimi varliginda gergeklestirilen bir seri oksidasyon
ve pihtilastirma-yumaklastirma  uygulamasidir.

Oksidasyon uygulamalarinda en giiglii oksidanlardan

biri olan hidroksil radikali (OH) bu proseste iiretilip
kullanilmaktadir (Hanay and Hasar, 2007).

AY36sudacdziinebilen ve birgok endiistriyel alanda
(deri, tekstil, kagit) kullanilan bir boyadir (Khezrianjoo
and Revanasiddappa, 2013). AY36 boyar maddesinin
toksik ozellikler gdsterdigi, sucul ortamda balik 6liim
oranlarini artirmasinin yani sira renk degisimi, agirlik
kaybi gibi bir ¢ok etkisi de belirlenmistir (Malik, 2003).

Bu c¢alismada azo grubu bir boyar madde olan
AY36’nin Fenton ve Fenton- benzeri oksidasyon
yontemi ile sulu ortamdan giderilebilirligi arastirilmistir.
Fe’ ve Fe kullanilan ve kesikli olarak yiiriitiilen
calismada aritma verimi; renk (absorbans azalmasi)
ve kimyasal oksijen ihtiyaci (KOI) parametreleri ile
degerlendirilmistir.

MATERYAL VE YONTEM

Kullanilan boyar madde (AY36) Aldrich
firmasindan elde edilmistir.  Molekiill formiilii
CH ,N.,NaO,S olup molekiil agirlhigr 375.38 g mol

dir. AY36 boyar maddesinin molekiil yapist Sekil
1’de verilmistir ( Clarke et al., 2013). Sekil 1’den de
goriildiigli gibi, AY36 boyar maddesi icin maksimum
absorbanslar 270 nm ve 437 nm dalga boylarindadir.
270 nm absorbans degeri, boyalarin yapisindaki naftalin
ve benzen gruplarindaki n-n* gecislerini, 437 nm’deki
absorbanslar boyalarin yapisindaki kromofor grubun
(-N=N-) n-n* gegcislerini gdstermektedir. Bu nedenle
200-400 nm dalga boyu arasindaki absorbans dl¢limleri
aromatiklik gideriminde, 400-800 nm dalga boyu
arasindaki absorbans oSlclimleri ise renk gideriminin
izlenmesi i¢in 6nemlidir (Yildirim, 2009).
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Sekil 1. AY36 boyar maddesinin molekiiler yapis1 ve farkli konsantrasyonlarda spektrum analizi
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Fenton ve Fenton-benzeri ileri oksidasyon
deneyleri oda sicakliginda, degisen Fe*?, Fe’ve HO,
dozlar1 igin belirlenen pH degerinde gergeklestirilerek
renk, aromatiklik ve KOI giderimleri tespit edilmistir.

Fenton ve Fenton-benzeri ileri oksidasyon
prosesinde, istenilen konsantrasyonda hazirlanan
boyanin ilk once pH degeri ayarlanmistir. Daha sonra
sirastyla Fe® /Fe”? ve H,0, ilave edilerek 150 rpm
karistirma hizinda 3 dakika ve 30 rpm karistirma hizinda
17 dakika karistirildiktan sonra 0,45 um membran
filtreden gegirerek renk ve KOI dlglimleri yapilmugtir.
Renk olgiimleri AY36 boyar maddesi igin yapilan
spektrum analizi sonucunda belirlenen 437 nm dalga
boyunda spektrofotometrik olarak okunmustur. Biitiin
deneylerde, absorbans azalmalar1 3 kat seyreltilerek
okunmustur.

KOI analizleri ise 148°C’de Merck Spectroquant
TR320’de Standart Metotlara goére 600 nm’de
spektrofotometrik olarak yapilmistir (APHA, 1985).

BULGULAR VE TARTISMA

Fenton ve Fenton-benzeri Oksidasyonu ile AY36
Boyar Madde Giderimine pH’1n Etkisi

Fenton ve Fenton-benzeri oksidasyonda, 100
mg L"lik AY36 boyar maddesinin optimum pH
degerinin belirlenmesi amaciyla pH 2.5-5 araliginda
degistirilmistir.

Her iki proseste renk ve KOI gideriminin diisiik pH
degerlerinde meydana geldigi Sekil 2°de goriilmektedir.
Fenton prosesinde pH=2.5 degerinde renk giderimi
437 nm dalga boyunda %89 iken KOI giderimi %34
civarmdadir.

Sekil 2’de 270 nm dalga boyunda aromatiklik
giderim verimlerinin 437 nm dalga boyunda elde edilen
renk giderim verimlerinden kayda deger derecede
diisiik oldugu goriilmektedir.

Bu aromatiklik gideriminin renk giderimi kadar
etkili olmadigimin kanitidir.
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Sekil 2. Dalga boylarina gore aromatiklik giderim verileri

Fenton benzeri oksidasyonda pH=2.0 degerinde
renk 437 nm dalga boyunda %92 oraninda giderilirken
pH=4.0’te giderim %11 degerine diigmiistiir. Bunun
sebebi, Fe? asidik sartlarda kolay bir sekilde ¢6ziinmez
ve bu yiizden Fe™ iyonlart tretir ve iretilen Fe™
iyonlart OH olusturmak lizere H,O, ile reaksiyona
girer. pH degerinin artmasi1 ile ise OH iyonlariin
varliginda Fe”’dan kaynaklanan Fe* iyonlart Fe”in
yiizeyinde FeOH ¢okeltileri olusturabilir. Bdylece
reaktif bolgeler isgal edilmekte ve bu yiizden reaksiyon
engellenmektedir (Fu et al., 2010).

Cilt/ Volume: 4, Say1/ Issue: 1,2014

Fenton ve Fenton-benzeri Oksidasyonu ile AY36
Boyar Madde Giderimine Fe’/Fe*? Konsantrasyonun
Etkisi

HO, (100 mg L") ve AY36 (100 mg L")
konsantrasyonlar1 sabit tutularak, pH 2.5 degerinde,
farkli Fe® (0.1 g L1, 0.2 gL', 03 g L''ve 0.4 g L) ve
Fe? (ImgL,2mgL',3mgL',4mgL've5mgL")
konsantrasyonlari degistirilerek renk (absorbans azalmast)
ve KOI gideriminin nasil etkilendigi arastirilmistir. Sekil
3’de gortildiigii gibi, 2 mg L' Fe*? konsantrasyonunda en
yiiksek absorbans azalmasi elde edilmistir.
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Sekil 3. Fenton oksidasyonu ile AY36 boyar maddesi giderimine Fe*? konsantrasyonunun etkisi (AY36 kons.=100 mg L', pH=2.5,

H,0, kons.=100 mg L")

Fenton ve Fenton-benzeri oksidasyon prosesinde
437 nm dalga boyundaki absorbans degerinde hem
Fe™ konsantrasyonlarinda (Sekil 3) hem de Fe°
konsantrasyonlarinda (Sekil 4) azalma goriilmistiir.
270 nm dalga boyunda ise absorbans azalmasi daha az
izlenmistir. Fenton oksidasyon prosesinde, AY36 boyar
maddesi i¢in yiizde aromatiklik giderimi 1,2,3,4 ve 5 mg
L' Fe* konsantrasyonu igin sirastyla %39.04, %46.19,
%35.94, %45.94 ve %46.09 olarak yiizde renk giderimi
ayn1 konsantrasyonlar i¢in sirasiyla %83.70, %89.26,
%77.92, %88.93 ve %88.82 olarak belirlenmistir. Ayn
sekilde, Fenton-benzeri oksidasyon prosesinde, AY36
boyar maddesi icin ylizde aromatiklik giderimi 0.1,

0.2, 0.3 ve 0.4 g L' Fe° konsantrasyonu igin sirastyla
%43.93, %38.75, %39.88 ve %35.74 olarak yiizde renk
giderimi aynm1 konsantrasyonlar igin sirasiyla %92.66,
%86.26, %85.87 ve %84.93 olarak belirlenmistir.

0.1 g L' Fe® konsantrasyonunda absorbansta biiyiik
sekilde azalma var iken diger konsantrasyonlarda renk
absorbans azalmasi birbirine yakindir. Bunun sebebi,
belli miktarlardaki Fe®, H,O, tiretimini artirmasina
ragmen, fazlas1 H,O, nin ayrigmasini ve Fenton benzeri
reaksiyonlardan tretilen oksidantlarin tiiketilmesini
hizlandirabilir (Zhou et al., 2009). Bu nedenle Fe’
konsantrasyonu 0.1 g L' olarak alinmustir.
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Sekil 4. Fenton-benzeri oksidasyonu ile AY36 boyar maddesi giderimine Fe® konsantrasyonunun etkisi (AY36 kons.=100 mg L,

pH=2.0, H,0, kons.=100 mg L")

AY36 boyar maddesinin Fenton ve Fenton-benzeri
oksidasyon yontemi ile aritiminda farkli Fe* ve Fe’
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konsantrasyonlarinda KOI gideriminde de benzer
sonuclar elde edilmistir.
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Sekil 5. AY36 boyar maddesinin Fenton ve Fenton-benzeri oksidasyonunda farkli Fe*> ve Fe’

verimleri (AY36 kons.=100 mg L', H,0, kons.=100 mg L")

Sekil 5’ten goriildiigli gibi, renk gideriminin en
yiiksek oldugu Fe*? ve Fe® konsantrasyonlarinda KOI
giderimi de en yiiksektir.

2 mg L' Fe™ konsantrasyonunda KOI giderim
verimi %34.08 iken 3 mg L' Fe* konsantrasyonunda
%21.66 degerine diismiistiir. Ayn1 sekilde, 0.1 g L! Fe®
konsantrasyonunda KOI giderim verimi %41.59 iken
Fe® konsantrasyonunun 0.4 g L' ye yiikselmesi ile
verim %7.21 degerine azalmstir.

[

3
Fe2kons.(mgL-Y)

konsantrasyonlarinda KOI giderim

Fenton ve Fenton-benzeri Oksidasyonu ile AY36
Boyar Madde Giderimine H,0O, Konsantrasyonun Etkisi

Fe’? (2 mg L"), Fe%0.1 g L") ve AY36 (100
mg L") konsantrasyonlar1 sabit tutularak Fenton ve
Fenton-benzeri oksidasyon prosesi ile AY36 boyar
maddesinin giderimine H,O, konsantrasyonunun etkisi
incelenmistir. Renk gideriminin sonuglar1 absorbans
azalmas1 seklinde ve KOI gideriminin sonuglart ise
%giderim seklinde Sekil 6, 7 ve 8’de verilmistir.

(]

Absorbans

200 300 400

100mgL AY36
—— 25 =g LH02
50 =gl K202
—— 75 mgL H202
100 mgL H202
weeeeeee 150 mpL H202
- == 200 =gl H202

500 600 700 800

Dalga Boyu (nm)

Sekil 6. Fenton oksidasyonu ile AY36 boyar maddesi giderimine H,O, konsantrasyonunun etkisi (AY 36 kons.=100 mg L™, pH=2.0,

Fe*? kons.=2 mg L")

Sekil 6 ve Sekil 7’den de goriildiigii iizere,
25 mg L"den 200 mg L"ye kadar artan H,O,
konsantrasyonlarinda gozlenen renk giderim verimi
H,0O,’in konsantrasyonu ile paralel bir artig gdstermistir.
Caligilan en diisik konsantrasyonda dahi renk
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gideriminin oldukga yiiksek oldugu goriilmustir. H,O,
konsantrasyonunun 150 mg L' ve 200 mg L' degerine
yiikselmesi ile renkteki ani azalmanin yavasladigir ve
hemen hemen stabil hale geldigi gozlenmistir. Bu nedenle
Fenton ve Fenton-benzeri oksidasyon galismalarindaH,0,

45



Nihal KOCAKAPLAN ve ark.

konsantrasyonu 100 mg L' olarak alinmistir. Fe™?/Fe° ve
H,O, konsantrasyonundaki artisin renk ve KOI giderimini
arttrmasi, demir iyonlarinin artmasi ile oksidasyon

hizinin
kirleticilerin pargalanmasina etkisinin daha biiyilik olmasi
ile aciklanabilir (Dokuzoglu et al., 2009).

artmasi, ancak H O, konsantrasyonunun

i
1,6 25mgl
S0mglL
ceesenes TS mell
5
212 — = 150mglL
'E srseesss 200 mgll
=08 m===100mgL
— 100 mgL AY36
04
0 +
200 300 400 500 600 700 800
Dalga Bovu(nm)

Sekil 7: Fenton-benzeri oksidasyonu ile AY36 boyar maddesi giderimine H,O, konsantrasyonunun etkisi (AY36 kons.=100 mg L™,

pH=2.5, Fe’ kons.=0.1 g L")

Fenton ve Fenton-benzeri oksidasyonu ile boyar
madde gideriminde farkliH,O, konsantrasyonlarinda,
270 nm dalga boyunda H,O, konsantrasyonunun
artmasi ile absorbans degerlerinin azaldigi ancak
437 nm dalga boyunda absorbans degerlerindeki
azalmanin daha fazla oldugu gorilmistir. HO,
konsantrasyonu arttikga renk giderimi aromatiklik

gideriminden daha fazladir. Fenton prosesinde
150 mg L' H,O, konsantrasyonunda aromatiklik
giderimi %51.26 iken renk giderimi %92.32’dir.
Ayni sekilde, Fenton-benzeri oksidasyon prosesinde,
150 mg L' H,O, konsantrasyonunda aromatiklik
giderimi %46.66 iken renk giderimi %93.38 olarak
bulunmustur.

80
—4—Fe+2
60 4
E ~3—Fe
= 40 - A~
o . —
= v
z /
- y
20 -
0 + _ . .
0 100 150 200 250
H,0, Kons.(mgL)

Sekil 8. Fenton ve Fenton-benzeri oksidasyonunda AY36 boyar maddesinin farkli H,O, konsantrasyonlarinda KOI giderim verimleri

(AY36 kons.=100 mg L', Fe? =2 mg L', Fe’=0.1 g L)
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Fenton ve Fenton-Benzeri {leri Oksidasyon Yéntemleri ile Acid Yellow 36 Boyar Maddesinin Giderimi

Sekil 8’de, H,O, konsantrasyonunun artmasiyla
KOl gideriminin de arttig1 agik bir sekilde goriilmektedir.
KOI giderimi Fenton-benzeri reaksiyonlarda Fenton
reaksiyonlarindan daha fazladir. 25 mg L' HO,
konsantrasyonunda Fenton reaksiyonu ile yaklasik %2
oraninda KOI giderilirken Fenton benzeri reaksiyonu
ile %15 civarinda KOI giderilmektedir.

Fenton ve Fenton-benzeri Oksidasyonu ile
AY36 Boyar Madde Giderimine Boyar Madde
Konsantrasyonun Etkisi

Fenton ve Fenton-benzeri oksidasyon prosesinde
boyar madde konsantrasyonunun etkisi incelenirken;

AY36 boyar maddesi 30-200 mg L' arasinda
degistirilmistir.

Konsantrasyonun artmasi ile renk ve aromatiklik
gideriminin de azaldig1 (daha yiliksek absorbans

degerleri)

Sekil 9’da  goriilmektedir. Bunun nedeni,
sabit H/O, ve Fe™/Fe’ konsantrasyonlarinda, boya
konsantrasyonunun artmasi ile daha fazla H,O,’nin
kullanilmasidir (Liu et al., 2011).

OH radikallerinin konsantrasyonu sabit kalacagi
icin, boya konsantrasyonunun artmasi ile giderme
verimi azalir (Song and Li, 2009).

25 3
" 25
2
£5 2
= =
3 15
= 1 4 -—
= =
S 1
05 05
0 . . . + 0
0 50 100 150 200 250
AY36kons.(mgLY)
seneeees AY36,2700m = = -Fenton, 270nm
— - Fenton-benzeri, 270 nm — AY36,4370m
— Fenton, 437 nm ~——— Fenton-benzer, 437 nm

Sekil 9. AY36 boyar maddesinin Fenton ve Fenton-benzeri oksidasyonunda farkli boya konsantrasyonlarinda absorbans degerleri

H,O, kons.=100 mg L, Fe*?=2 mg L', Fe’=0.1 g L"!
22 g g g

Fenton oksidasyonunda, 50 mg L' AY36 boyar
maddesi i¢in renk giderimi %97.78 iken 200 mg
L' AY36 boyar maddesi i¢in bu deger %57.24’¢
diismiistiir. Aromatiklik giderimi ise 50 mg/L boyar
madde konsantrasyonunda %61.94 iken 200 mg L’
konsantrasyonda %18.50 civarmdadir.

Cilt/ Volume: 4, Say1/ Issue: 1,2014

Aynt durum Fenton-benzeri oksidasyonunda da
gecerlidir. 50 mg L' boyar madde konsantrasyonu igin
renk giderimi %98.45 ve aromatiklik giderimi %49.12
iken 200 mg L' boyar madde konsantrasyonunda renk
giderimi %63.28 ve aromatiklik giderimi ise %29.64
degerine diismiistiir.
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Sekil 10: AY36 boyar maddesinin Fenton ve Fenton-benzeri oksidasyonunda farkli boya konsantrasyonlarinda ortamda kalan KOI

miktarlar1 (H,0, kons.=100 mg L', Fe"”? =2 mg L', Fe’=0.1 g L")

AY36 konsantrasyonunun artmasi ile baslangic
KOI degerleri artmakta ve buna paralel olarak KOI
giderim verimi azalmaktadir. Sekil 10°da Fenton-
benzeri oksidasyon yontemi ile KOI gideriminin
Fenton oksidasyon yontemi ile KOI gideriminden daha
yiiksek oldugu goriilmektedir. 150 mg L' (217.81 mg
L' KOI) konsantrasyonunda boyar madde igin KOI
giderimi Fenton oksidasyonu ile %6.09 iken Fenton-
benzeri oksidasyon ile %32.78’dir.

SONUCLAR

AY36 tekstil endiistrisi boyar maddesinin
Fenton ve Fenton-benzeri oksidasyon prosesleri ile
aritiminda yiiksek renk, aromatiklik ve KOI giderimi
elde edilmistir. Fenton oksidasyon prosesinde en
yiiksek giderim pH=2.5 degerinde, Fenton-benzeri
oksidasyonda ise pH=2.0 degerinde elde edilmistir.
Renk gideriminde Fe™ ve Fe konsantrasyonlariin,
KOI gideriminde ise H,O, konsantrasyonunun daha
etkili oldugu bulunmustur. AY36 boyar maddesinin
Fenton-benzeri oksidasyon yontemi ile daha 1iyi
giderildigi sonucuna varilmustir.

KAYNAKLAR

APHA, AWWA and WPCF ,1985. Standart Methods For the
Examination of Water and ~ Wastwater. Sixteenth Edition,
Washington, DC.

Clarke,C.E., Kielar,F., Johnson, K.L., 2013. The oxidation of acid
azo dye AY 36 by a manganese oxide containing mine
waste. Journal of Hazardous Materials, 246: 310— 318.

48

Dokuzoglu, Z.,Alkan, U., Yentiirk, A., 2008. Reaktif Boyar Madde
Iceren Tekstil Atiksularimin Ileri Oksidasyonu.Uludag
Universitesi Miihendislik-Mimarlik ~ Fakiiltesi Dergisi,
13(2):119-128.

Forgacs, E., Cserhati, T., Oros, G., 2004. Removal of synthetic dyes
from wastewaters: a review. Environment International, 30:
953-971.

Giil,S., Ozcan Yildirm, O., 2009. Degradation of Reactive Red 194
and Reactive Yellow 145 azo dyes by O, and H,0,/UV-C
processes. Chemical Engineering Journal, 155: 684-690.

Hanay, O., Hasar, H., 2007. Fenton oksidasyon prosesi ile tekstil
endiistrisi atiksuyunda renk giderimi. Firat Universitesi
Fen ve Miihendislik Bilimler Dergisi, 19(4): 505-509.

Liu, X., Qiu, M., Huang, C., 2011. Degradation of the Reactive
Black 5 by Fenton and Fenton like system.Procedia
Engineering, 15: 4835 —4840.

Malik, P.K., 2003. Use of activated carbons prepared from sawdust
and rice-husk for adsorption of acid dyes: a case study of
Acid Yellow 36. 56(3): 239-249.

Reife, A., Freeman, S., 1996. Environmental Chemistry of Dyes and
Pigments, John Wiley&Sons, Inc., Kanada.

Sajjad Khezrianjoo and Hosakere Doddarevanna

Revanasiddappa,2013. Photocatalytic Degradation of Acid

Yellow 36 Using Zinc Oxide Photocatalyst in Aqueous

Media. Journal of Catalysts.

Song, Y., Li, J., 2009. Degradation of C.I. Direct Black 168 from
aqueous solution by fly ash/H202 combining ultrasound.
Ultrasonics Sonochemistry, 16: 440—444.

Yildirim, A.O., 2009. Bazi1 Reaktif Boyar Maddelerin leri Oksidasyon
Yoéntemleriyle Parcalanmasinin  Incelenmesi. Cukurova
Universitesi, Fen Bilimleri Enstitiisii, Doktora Tezi.

Zhou, T., Lu, X., Wang, J., Wong, F.S., Li, Y., 2009. Rapid
decolorization and mineralization of simulated textile
wastewater in a heterogeneous Fenton like system with/
without external energy. Journal of Hazardous Materials,
165:193-199.

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



Aragtirma Makalesi / Research Article Igdir Uni. Fen Bilimleri Enst. Der. / Iduwr Univ. J. Inst. Sci. & Tech. 4(1): 49-54, 2014

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi

Igdwr University Journal of the Institute of Science and Technology

IGDIR ONIVERSITESI

Cilt: 4, Say1: 1, Sayfa: 49-54, 2014
Volume: 4, Issue: 1, pp: 49-54, 2014

Adsorption Kinetics of Pb** Removal from Aqueous Solutions
Using Spent Batteries

Isaiah Adesola OKE!

ABSTRACT: Lead poison and lead in drinking water sources are common reports nowadays. This paper presents
a report on removal of lead ion from aqueous solution using a household waste (used batteries). Spent batteries
were collected, sectioned; carbon rods were removed and ground into powder. Powdered Carbon Rods (PCR) were
sieved into different particle sizes. Adsorption properties of the adsorbent were studied using synthetic lead solutions
and typical wastewaters with a particular attention to kinetics models and cost analysis. The study revealed that
kinetic models can be grouped into two based on the values of correlation coefficient (R?) as adsorption kinetics
models with R? less than 0.96 and adsorption kinetics models with R? greater than 0.96. The adsorption kinetic
of Pb*" onto PCR at different pH were 0.250 (1 h), 0.375 (mg g') with R = 0.855 and 0.095(1 h*!), 0.169(mg g*)
with R?= 0.992 at initial pH of 7.2 and 3.2 respectively for Pseudo first-order. Applicability of the process to typical
wastewaters and raw water samples showed that PCR can be used as an adsorbent for Pb*" removal from aqueous
solutions. The study concluded that the mechanism of adsorption of Pb* onto PCR as an adsorbent followed
two-steps intra-particle and pore diffusion transport. The average costs of producing a kilogram of powdered
carbon rods were found to be 0.875USD and 1.018 USD for public and generator electricity sources respectively.
The cost producing PCR is dearer compared to the cost of producing empty fruit bunches (0.50USD kg),
0.068 USD kg'! of powdered corn cob, cheaper compared to the cost of producing pencon shell based activated carbon
(2.72 USD kg') and sugar cane based granular activated carbon by steam (3.12 USD kg™').

Keywords: Used batteries, PCR, adsorption properties, lead removal, adsorption kinetics

Atik Pilleri Kullanarak Sivi Cozeltilerden Kaldirilan Pb**’nin
Adsorbsiyon Kinetigi

OZET: i¢gme su kaynaklarindaki kursun ve kursun zehri giiniimiizde yaygin olarak ifade edilmektedir. Bu
calisma evsel bir atik (kullanilmis pil) kullanarak, sivi ¢dzeltiden kursun iyonlarmin kaldirilmasi {izerine bir bilgi
sunmaktadir. Kullanilmis piller toplanilip kesitlerine ayrildiktan sonra, karbon gubuklari ¢ikarildi ve 6giitildii.
Adsorbentlerin adsorpsiyon ozellikleri kinetic modeller ve maliyet anazlileri dikkate alinarak, tipik kirleticiler
ve sentetik kursun c¢oziiciiler kullanilarak calisildi. Korelasyon katsayisi degerlerine gére mevcut ¢aligma kinetic
modellerin iki sekilde gruplandirilabilecegini ortaya koydu. Farkli pH degerlerinde (7.2 and 3.2) PCR iizerine
Pb¥nin adsorpsiyon kinetigi, sirasiyla R? = 0.855 de 0.250 (I/h), 0.375 (mg/g) ve R? = 0.992 de 0.095(1/h),
0.169(mg/g) idi. Tipik kirleticiler ve ham su 6rnekleri, PCR’nin sulu ¢6zeltilerden Pb?+’nin kaldirilmasi i¢in bir
adsorbent olarak kullanilabilecegini gosterdi. Maliyet analizleri ortlama 1 kg karbon c¢ubuklari {iretmenin ortak
ve ortak olmayan elektrik kaynaklar1 i¢in sirastyla 0.875USD ve 1018 USD mal olacagini gosterdi. Calisma, bir
adsorbent olarak PCR {izerine Pb*+ adsorbsiyon mekanizmasinin iki adimda gergeklestigi ortaya ¢ikti.

Anahtar kelimeler: Atik piller, PCR, adsorbsiyon &zellikleri, kursun kaldirmi, adsorbsiyon kinetikleri
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INTRODUCTION

Pollutants such as heavy metals, volatile organic
compounds and dissolved solids are found in
wastewaters. They are removed on adsorbents such as
activated carbon, clay and sediments in riverbeds and
in suspension. Over the years, the role of adsorption
in wastewater and water treatment had been critically
investigated. Adsorption of heavy metals onto
suspended particles had been studied as a model of
transportation of metals in rivers and sea. The effects of
chemical composition and particle size on adsorption by
suspended particles had also been studied. Adsorption
of phenol, parabromophenol and benzenesulphonate by
carbon had been examined by Sheindorf et al, (1982)
Adsorption of colloid by activated sludge and adsorption
of bovine serum albumin by activated sludge had been
investigated (Crombie-Quilty and McLoughin, 1983).
Johannes and Johan (2002) reported the performance of
granular activated carbon at three South African water
treatment plants while Michele and Johannes (2004)
gave practical experiences with granular activated
carbon at the Rietvel water treatment plant.

Attention had mostly been on carbon as adsorption
materials and indeed had documented not less than 37
sources of carbon, which had been studied as adsorbents
for the removal of water pollutants. However, three
problems associated with the use of carbon for the
adsorption of pollutants in a regular volume of waters
are its relatively high cost in making renovation of water
by this means very expensive; the fragility of present
types of activated carbon makes the regeneration and
reuse of activated carbon difficult; and activated carbon
is virtually limited to the removal of non—polar materials.
The literature pertaining to the occurrence of lead in
the environment and its relationship to human health is
quite extensive and spans a wide variety of disciplines,
including the fields of medicine, environmental
and occupational health, toxicology, environmental
geology, petrology, geochemistry, economic geology,
hydrogeology, and soil science.  Consequently, any
attempt to summarize the state of knowledge concerning
lead and environmental health is necessarily limited to a
broad overview. Lead in wastewater comes mainly from
the discharge of battery manufacturing, printing, dying
and other industries. Other major sources of lead in the
environment include lead-based paint, household dust
and food containers. Lead has been found to be acute
toxic to human beings when present in high amounts in
water. Studies have shown that young children, infants
and pregnant women are particularly susceptible to
unsafe lead levels. For adults, increased levels of lead
have been linked to high blood pressure and damaged
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hearing. Drinking, eating, inhaling even at low level of
lead can cause other serious health effects. However,
most technologies presently employed for lead removal
are based on physicochemical processes, such as dilution,
adsorption, coagulation and flocculation, chemical
precipitation, oxidation, ion-exchange, reverse osmosis
and ultra-filtration . Among these processes, adsorption
technology is attractive for the lead treatment from the
wastewater, due to its easy availability, simplicity of
design, high efficiency, ease of operation, and ability to
treat dyes in more concentrated form. The importance
of adsorption as water purification process has been
documented in literature. Ho (2007) reported that about
9058 articles have been published on adsorption of
materials.

These indicate that adsorption process is an
important process in environmental pollution control,
but adsorption of lead onto powdered carbon from
used dry cells is rare in literature, which calls for
documentation of lead adsorption onto this house hold
waste considering effects of lead on human’s health and
on the environment and availability of dry cells as solid
waste in developing countries such as Nigeria (Oke
et al., 2007 a and b); Iran ( Zand and Abduli, 2008;
Almeida et al., 2009). The main aim of this study was to
investigate removal of lead from synthetic water using
house hold waste of carbon rods from dry cells.

MATERIALS AND METHODS

Spent (Used) dry cells (R, Size D UM-1) were
collected from 2002 to 2009 from dustbins, solid waste
dump site and street collections. The batteries (dry cells)
were characterized, dismantled (sectioned vertically)
and the carbon rod (cathode) were removed, washed
with distilled water and air dried. The cathodes removed
were characterized and ground into powder. Powdered
Carbon Rods (PCR) were sieved into different particle
sizes. Properties of the powdered carbon rods (moisture
content, water solubility, acid solubility, ash, and
volatile solid and metallic contents) were determined.
Structures (micrograph, presented in another article)
of the adsorbent were examined to ascertain its nature
and porosity. Adsorption properties of the adsorbent
were studied using synthetic lead solution and typical
wastewaters (raw water and domestic institutional
wastewater) with a particular attention to kinetics
models. Cost analysis of PCR processing was conducted
based on literature and presented economics. PCR was
selected based on availability in developing countries
as solid wastes.
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Adsorption Kinetics of Pb?*" Removal from Aqueous Solutions Using Spent Batteries

Moisture content: a well mixed samples of PCR
were evaporated in a weighed dishes to a constant
weight in an oven at 105°C (APHA, 1998). In detail, the
samples were weighed initially, dried in the oven at 105
°C for 24 hours, cooled in desiccators and reweighed.
The decreased in the weight of the PCR represents the
moisture content as follows:

W, -w
M (%) = 100(#) (1)

1

Volatile solid and ash content: Known masses of
dried samples used for moisture content determination
were placed in crucible dishes and transferred into a
muffle furnace. The furnace was heated to 550°C for
2 hours (APHA, 1998). The samples were cooled in
desiccators to balance the temperature and the final
weights were measured. Volatile solid and ash content
of PCR were calculated as follows (APHA, 1998):

VS (%) =100 (%) @

2
W, ]

Ash (%) =  1005-2% 3)
%Wlm

Water and acid solubilities: Known dried masses
of the samples were soaked in 300 ml of distilled water
and in 300 ml of 0.25 M of HCl(hydrochloric acid) for
24 hours respectively. The samples were filtered out
using pre-dried and weighted filter paper (Number 1).
The samples and the filter paper were dried in the oven
at 105°C for 24 hours, cooled in desiccators to balance
the temperature and the final weights were measured.
Water and acid solubilities of PCR were calculated as
follows (APHA, 1998):

“4)

2

WS (%) = 1oo(M)

®)

AS (%) =100 (M)

2

Metal concentrations: A known mass (1.0g)
of the PCR was digested using nitric acid digestion
method (APHA, 1998) and chemical components of
the adsorbent were determined using standard methods
(APHA, 1998). Specifically,1.0 gram of PCR was
digested using nitric acid and total metal concentrations
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were determined using spectrometry method. Metal
concentrations were computed as follows:

(6)

1

M, mg/L)= (A*B)

In the preparations of lead solutions, procedures
specified in Standard Methods for the Examination of
Water and Wastewater (APHA, 1998) were followed.
Specifically a known mass (1.599g) of lead nitrate
(Pb(NO,),) was dissolved in 200ml of distilled water,
10 ml of concentrated HNO, was added, diluted
to 1000ml mark using distilled water and working
solutions were prepared from the stock solution. In
the determination of adsorption capacities, 300ml of
the lead solutions containing a known concentration
(mg/L) of Pb** were taken into five different beakers
and known masses (0.3, 0.5, 0.7, 1.0 and 1.2g) of the
adsorbent were added at a known initial pH. The
mixture was stirred at 60 revolutions per minute (rpm)
for 2 minutes and allowed to settle for 18 hours (when
equilibrium concentrations have been reached). The
supernatant of the samples taken were filtered through
Whatman filter paper number 40 to prevent particulate.
Determinations of lead concentrations were conducted
using spectrophotometer method (APHA, 1998)
and spectrophotometer facilities available at Central
Science Laboratory Obafemi Awolowo University, Ile-
Ife, Nigeria. Kinetics parameters and percentage lead
adsorbed were computed by using equations (7 and 8)
as follows:

qr = —(CO A;Ct) 4 (7)
RR (% 100 (CO _CZ)
R(%) = T ®)

Effects of pH, initial Pb*" concentration and parti-
cle size of the PCR on adsorption kinetic were studied.

RESULTS AND DISCUSSION

The results of this study have been presented and
discussed in the following ways: properties of cathode,
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adsorption properties (kinetics models) of Pb?‘onto
PCR and cost analysis of producing PCR.

Types of Spent Batteries: Figure 1 (a and b)
presents various R, . Size D UM-1 batteries collected.
Out of about 150, 000 spent batteries collected the
orders of their numbers are as follows: Tiger > flash
> Xion Jian > Berec (England and Nigeria) > Duracell
> others. Figure 1(c, and c,) presents vertical section
(dismantled) batteries as presented in another paper
(Oke et al., 2010).

Characterisation of the cathode: Table 1 presents
physical properties and chemical composition of the
cathode. From the table it can be seen that it contains no
cadmium (Cd), arsenic (As), chromium (Cr) chloride
(CI), sulphate (SO,>), lead (Pb*+), manganese (Mn)
and zinc (Zn). This indicates that utilization of PCR as
an adsorbent cannot impose any danger or harm on the
environment and human’s health rather it will help in
cleaning the environment as follows:

13 Removal of Pb?* by PCR (as it is known that
lead is toxic and harmful to man);

1t Removal of spent batteries reduces solid wastes
disposal problem as in developing countries there is
no law against disposing the waste in the municipal
waste. Literature such as Almeida et al (2006) present
properties of AA household alkaline batteries (Table 1a
).

Adsorption  Kkinetics:  Adsorption  kinetics
information is the most important in understanding
adsorption processes. No matter how many
components are present in the system, the adsorption
kinetics models are the essential ingredients for an
understanding of how much of those components can be
accommodated by a solid adsorbent. This information
can be used to study the adsorption kinetics of a single
component, adsorption equilibria of the systems, and
then adsorption kinetics of multi-component systems.
The adsorption data of Pb**on the PCR were obtained
at different particle sizes, pH, initial concentration of
Pb?*, stirring speed, contact time and temperatures.
The data obtained were replicated and the averages
were used for the adsorption kinetics. Oke et al (2008)
reported that the nature of the adsorption reaction can
be described by relating the adsorption capacity (mass
of solute adsorbed per unit mass of adsorbent) to the
concentration of the solute remaining in the solution.
Such a relation is known as adsorption kinetics
(dynamics). There are many basic adsorption kinetics
models, which include frequently used kinetics models
such as pseudo first and second orders, Elovich and
intra particle diffusion models (Alam et al, 2007;

52

Oke et al., 2008; Yasmin et al., 2009); solid diffusion,
driving force, Vermeule; and Nakao and Suzuki models
(Ryu et al., 2001). Zero order, first order, second order
and Fractional power (Yasmin et al., 2009).

Figures 2 - 7 present the relationship between
adsorption capacity and contact time under various
operational conditions. From the Figures, it can be
seen that the relationship between adsorption capacity
and time for Pb*" removal by PCR was of two parts.
The first part is linear and the latter part is logarithmic
(curve) for synthetic solutions and typical wastewater
(raw water and domestic institutional wastewater). This
behavior can be attributed to solute — solute competition,
the solute —surface interaction, ionic radii, hydration
capacity, pH, electro negativity and availability of
sites on the adsorbent (Ulamn et al., 2003). In order to
investigate in detail the mechanism of adsorption rate
for the adsorption of Pb** onto PCR, the rate constants
were determined by applying the equations of Lagergren
(pseudo first order), pseudo second order, Elovich and
intraparticle diffusion mechanisms. The pseudo first-
order equation is generally expressed as follows:

dp

dt = ki (qe_Qt) )

After integration and applying boundary conditions
t=0tot=tandq,=0to g,= q, the integrated form of
Equation (9) becomes (Alam et al.,, 2007; Oke et al.,
2008; Yasmin et al., 2009):

k
q @ Mexp™' -
[

log, (q. ~q,) - log, (‘]6) ) %

9, = (10)

L)

The values of log, (q, - q) were linearly correlated
with contact time (¢). The plot of log, (q, - q) against
contact time should give a linear relationship from
which &, and g, can be determined from the slope and
intercept of the graph, respectively. Tables 2 - 5 and
Figure 8 show the pseudo-first order model and their
values, respectively. These values range from 0.045
t0 0.250 L h' and 0.149 to 0.375 mg g™ for k and q_
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respectively. Literature reported (Alam et al., 2007;
Erhan et al., 2004; Oke et al., 2008; Yasmin et al.,
2009) that pseudo second-order adsorption kinetic rate
equation is expressed as shown in equation. (12):

d
L = k(q.-4.)

dt (12)

Yasmin et al 2009 reported that integrating equa-

tion (12) and rearrangement gives equation (13)

2
g = ka(ge)”t
= 13
L+ko (et (2
Equation (14) can be lineralized as:
! g = ;2 + Lz‘ (14)
4[] ky(q.) q.

The plot of (#/gf) and ¢ of Equation (14) should
give a linear relationship from which ¢, and &, can be
determined from the slope and intercept of the plot
respectively. Tables 2 - 5 and Figure 9 show more data
about this adsorption kinetic model. The values of k,
and g, in pseudo second-order range from 0.749 to
14.795 gmg' h and 0.134 t0 0.621 mg g' respectively.
The Elovich model equation is generally expressed as
indicated in equation (15):

dq,
dt

= a exp - (bgq,) (15)

Oke et al 2008 simplify Elovich equation as

shown in equation (16)

q, = % log, (ab) + % log, (t) (16)

If lead adsorption fits the Elovich model, a plot of
g, against. log_(?) should yield a linear relationship with
a slope of (1/ B) and an intercept of (1/ B) log, ( af).
Tables 2-5 and Figure 10 presents more data on this
adsorption dynamic model.

Cilt/ Volume: 4, Say1/ Issue: 1,2014

For Pb?* solutions the values of B and o were found
to be in the range of 7.722 to 10.084 g mg" and 0.381 to
0.638 mg g.h respectively. The intraparticle diffusion
model is expressed as Equation (17)

RR = kig (1) (17)
F=1-—cxp - (Bp1)
- g =B (18)
qi
F= 1L
de (1)

q,and q, represent the amount of Pb ** sorbed (mg
g!) at equilibrium and any time t, respectively. To
compute B, t, equation (20) is substituted into Equation
(19) and the kinetic expression becomes

Bpt= [10.4977 Dh%l[l(h (20)

0
i

CONCLUSIONS
It can be concluded based on the study that:

* PCR can be used to remove Pb*" from aqueous
solution, typical raw water and wastewaters

* the mechanism of adsorption of Pb** onto PCR
as an adsorbent follows two-steps, namely intra-particle
and pore diffusion transport.
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SYMBOLS

M the mass of the adsorbent added (g),

R, the percentage pollutant adsorbed (%);

V the volume of the sample used (300ml) = 0.3L;

q, the equilibrium solid-phase concentration of sorbate (mg mg™');

q, the solid-phase concentration of sorbate at t time (mg mg™");

C, the initial concentration of arsenic in the solution (mg 1'');

C, the experimental concentration in the solution at equilib-
rium (mg 1)

C, the experimental concentration in the solution at time t
(mg I).

k. the pseudo first-order constant,

k, the pseudo second -order constant

a and B Elovich constants

k., and a intraparticle diffusion constants ,

t  treatment time .

B, constant

F the fractional attainment of equilibrium at time t

DI domestic institutional wastewater;

RW raw water.
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Assessment and Optimization of Electrochemical Treatment
of Typical Raw Water

Isaiah Adesola OKE!, Ezekiel. Oluwaseun FEHINTOLA?, Olumuyiwa .Adewale OBIJOLE?,
Olutoyin FASUYI- ENANG?, Enoch.Adedayo ADEKUNBI?, Hammed .Olawale OLOYEDE?

ABSTRACT: This article provides a brief report on electrochemical treatment of selected raw water. Raw water
samples were collected from selected villages in Katsina and Osun states, Nigeria. These water samples were
subjected to electrochemical treatment using statistical methods (orthogonal technique). Selected pollutants
were monitored in term of water quality. Operational factors were optimized using steepest ascent technique and
environmental engineering application of the findings was provided. The study revealed that factor with significant
effects on efficacy of electrochemical treatment plant process at 99 .5 %confidence levels are sedimentation time,
treatment time, chlorine added, and turbidity. Model equation for efficacy of the process based on the selected
factors can be expressed as 60.68-2.26T +1.30C1 +1.10T +0.66S - 0.22D,. Operating cost of the process in US
dollar (USD) can be expressed as 0.016 E_, while size of the required sedimentation tank per unit volume can be
expressed in relation to optimum treatment time as 6.538 R . It was concluded that the system is cost effective,
economical and effective in removing selected pollutants.
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Arntilmamis Suyun Elektrokimyasal Muamele ile Degerlendirilmesi
ve Optimizasyonu

OZET: Bu makalede, aritilmamis suyun elektrokimyasal muamale iizerine kisa bir bilgi vermektedir. Ham su
ornekleri Nijeya’nin Katsina ve Osun eyaletlerindeki se¢ilmis koylerden toplanildi. Bu su 6rnekleri istatistiksel
yontemler kullanilarak elektrokimyasal muamelye tabii tutuldu ve su kalitesi bakimimdan degerlendirme yapildi.
Operasyonel faktorler en dik ¢ikis teknigi kullanilarak optimize edildi ve basit ¢evresel miithendisligi uygulamalari
saglandi. Calisma, %99.5 giiven seviyesinde elektrokimyasal proseslerin etkinligi lizerine sedimantasyon zamani,
muamele stiresi, eklenilen klor ve bulaniklik gibi fakt6rlerin 6nemli bir etkiye sahip oldugunu gosterdi. Segilen
faktorler baz alindiginda prosessin etkinligi i¢in model esitligi, 60.68-2.26T +1.30C1 +1.10T +0.66S - 0.22D, olarak
ifade edilebilir. Se¢ilmis kirleticileri kaldirmada sistemin ekonomik ve tasarruflu oldugu sonucuna varilmistir.
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INTRODUCTION

Water is essential for all forms of life. Water covers
about 73 percent of the Earth’s surface. The quality of
our environment is very often defined by the quality of
the water set around us. Unfortunately the expanding
demands for ‘fresh’ water of good quality by a growing
populationand industry have, inevitably, been equaled by
an increased discharge of waste products to the nation’s
water courses. It is well known that environmental issues
have become serious social concerns of a global scale.
Among these issues, the impact of water pollution is
getting more serious because it is closely related to the
health and lives of human beings (Yoshida et al., 2007).
The 20" century introduced new concerns regarding
the environment, highlighting that its contamination
and degradation will inevitably have its effects on
all living things (Khanniche et al., 2001). Industrial
pollution alters this environment in many more ways
that were initially thought, interfering with the growth
rate of species, the food chain, and with the health of
those in contact with it. Current guidelines aim to
lower the levels of toxic chemicals, reduce quantities of
readily utilizable compounds, and reduce the degree of
nutrients that would support microbial growth. Unless
a suitable reduction is made, these factors will continue
to cause un-repairable damage to the water courses they
discharged their wastewater to.

Today, water containing pollution caused
substances and microbes are treated to the conventional
treatment process, in which microbes are still present in
the final product. Conventional water treatment process
is visible and practicable, but it has some disadvantages,
such as it takes a long treatment time, it requires large-
scale treatment facilities with economical issues and
the problem of how to get rid of sludge produced by
treatment. Advances in technology have resulted in
greater water demands by communities and industries.
The volume of wastewater from these companies has
increased likewise, containing a variety of suspended
solids, oils, metals, and organics. The unfortunately
cleaning of these wastewaters prior to discharge using
existing treatments has yet to improve comparatively.

Modern conventional treatment is often of a high
technological nature, using membrane, irradiation,
ultra violet, principally electrical technique to reduce
the concentration of microbes, organic and inorganic
compounds. Limitations of these treatment methods
highlighted have included inabilities to cope with
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fluctuating loads and toxic, often expensive on time, cost,
and space unlike electrochemical treatment technique.
As a new water treatment method, electrochemical
water treatment has been studied (Polcaro et al., 2001;
2002; Rajkumar et al., 2001; Chen, 2004; Oke 2007
a; Oke et al., 2012 a and b). In the electrochemical
treatment process, organic pollutants in water are
electrochemically oxidized or reduced to non-hazardous
inorganic substances. In this water treatment method,
electrode material is one of the important factors that
affect treatment efficiency. In previous studies, effects of
other factors such as chlorine dose, density of bacteria,
concentration of dissolved minerals (iron), suspended
solids and other pollutants were not addressed. The
main focus of this study is to investigate effects of
selected factors not previously studied on efficacy of
electrochemical treatment process with a particular
attention to utilization of orthogonal technique.

MATERIALS AND METHOD

As a follow up study on water treatment techniques
in villages in Nigeria, water samples were collected from
selected water sources in Katsina state (Kurechidutsi,
Dogoruwa, Unguwar Mangoro and Kwari ) and Osun
state (Rivers eru, Igbo and oju nla). Water samples were
collected in both rainy and dry seasons. Collected water
samples were subjected to electrochemical treatment
at fixed selected factors using orthogonal technique.
Fixed factors were separation distance between the
electrodes, stirring rate, type of electrode (aluminium/
aluminium), direct current voltage, contact surface area
of the electrodes and volume water sample (750 ml) to
be treated. Factors varied under orthogonal technique
were sample’s turbidity (NTU), chlorine dose, treatment
time, settlement time and concentration of bacteria. The
quality of raw and treated water were measured using
standard methods and procedure as stated in literature
(APHA, 1998). Selected parameters (turbidity,
suspended solids, iron concentration and density
bacteria (most probable number)) were monitored.
In the determination of bacterial density examination
multiple tubes test technique was used as stated in the
standard methods for water and wastewater analyses
(APHA, 1998). Effects of selected factors on efficacy
of electrochemical treatment process with a particular
attention to utilization of standard orthogonal matrix
technique were conducted (Table 1). The standard
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orthogonal matrix (L,;) which involves 5 factors and
5 levels is as obtained from literature such as Gardiner
and Gettinby ( 1998); Guttman et al. (1971); Drouichel
et al. (2001). Efficacy of the treatment process
was based on ability to reduce selected parameters
(suspended solids, bacteria density, turbidity and
concentration of iron). Significant operational factors
(settlement time, treatment time and chlorine dose
added) were optimised using steepest ascent technique,
while sample based factors (concentration of iron,
suspended solid concentration and bacteria density)
were kept constant. In steepest ascent technique factors
with negative effects were decreased at a constant step
in relation to the ratio of the effects as compared to the
smallest significant factor, while factors with positive
effects were increased in the same manner. Engineering
applications of the results were provided using standard
literature such as Tebbutt (1991), Steel and McGhee
(1979); Vieessman and Hammer (1993); Chin (2000).
Figure 1 presents typical sources of water in the selected
villages. Computations of the efficacy based on ability
to remove these selected parameters were conducted
using the following expressions:

R.(%) = 100 % 1)

o

Overall efficacies were computed using geometrical

means as follow:
1
Ra,, (%) = Ri X Rj ————————— an) n (2)

RESULTS AND DISCUSSION

In this study, results are discussed in following
categories: orthogonal experiments, hypothesis and
statistical analysis, optimization and engineering
applications.

Orthogonal Experiments: In this L, orthogonal
experiments 5 factors with 5 levels were selected based
on literature and importance in water and wastewater
purification. The factors selected are sample’s turbidity
(NTU), chlorine dose, treatment time, settlement time
and concentration of bacteria. The levels are numbered
las the lowest level, through 3 to 5 as the highest
level. Orthogonal experiments were repeated and the
results are as presented in Table 2(a and b). Table 2a

Cilt/ Volume: 4, Say1/ Issue: 1,2014

presents individual efficacies, while table 2b shows
overall efficacies. From the results minimum responses
occurred in all cases at experiment number 23 and the
maximum values occurred at experiment number 5. The
minimum responses occurred when chlorine dose added
is at the lowest level and other factors are at high levels.
This indicates that the other factors are combination of
both positive and negative effect factors or influence
of the chlorine dose added is so high that it neutralizes
positive effects of other factors. Maximum responses
occurred in all cases when chlorine dose added is at the
highest level, turbidity of the water used at the lowest
level, treatment time, settlement time and density of
the bacteria in the water sample used are at high levels.
This means that chlorine dose used, treatment time and
settlement time with bacteria density in water used
are likely to be positive factors the influence of which
increases efficacy of electrochemical treatment of water
with turbidity of water sample used as the only negative
factors. These results are similar to the observation made
concerning effects of separation distance of electrode,
current density, and contact surface area on efficacy of
electrochemical treatment process (Chen 2004; Oke,
2007), which indicates that efficacy of electrochemical
treatment of water reduces with an increase in the
turbidity of the water, increasing bacteria density of the
water sample, decrease in treatment time, settlement
time and chlorine dose used.

Hypothesis and Statistical Analysis: In order
to analyze the data from the orthogonal experiments,
the results were subjected to hypothesis tests with an
objective of testing whether the factors and interactions
have significant effect on the pollutants removal
electrochemically. It is therefore necessary at this point
to define the concepts and the issues such as replication
(which is the process of repeating the entire procedure),
two way interactions (involves combination of two
factors), three and four way factors (combination of
three and four factors respectively), main factors or
main effects (these are the five factors mentioned,
namely: chlorine dose used; turbidity of the water
used; treatment time, settlement time and density of the
bacteria ) and hypothesis (statistical expression). The
concept behind test of hypothesis is based on the need
to decide whether a statement concerning a parameter
or a set of parameters is true or false. It is to ascertain
the truth in a claim. It is well known that in testing
a statistical hypothesis H specific requirements are
needed. Table 3 presents a summary of the requirements.
The explanations of the summary are that:
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* if hypothesis H is true and accepted or false and
rejected, the decision is in either case correct;

* if hypothesis is true but rejected, it is in error
(Type 1 error, with probability of o);

* if hypothesis is false but accepted, it is in error
(Type 1I error, with probability of ).

The term null hypothesis is used for any hypothesis
set up primarily to see whether it can be rejected and
the term significant test is used when the test is based
on checking if the difference error is too large to be
reasonably attributed to chance. The specification of the
probability of Type I error which is called the level of
significance is usually set at a = 0:05 or a = 0:01. This
value of probability should not be too small (Oke and
Awofeso, 2006). Based on the sampling distribution
of an appropriate statistics, the author constructed a
criterion for testing the null hypothesis against the given
alternative. Then calculations from the data were made
and the values of the statistical parameters on which
the decision was based were obtained. The analysis of
orthogonal experimentation proceeds with using the
formulae and sum of squares of analysis of variance.
Tables 1; 2b and 4 show the standard orthogonal matrix,
sum of the response, sum of squares (SSQ), K values
of the factors, sum of squares of K values (SSQK),
difference between the sum of squares (DFSSQK) and
significant test. SSQ, coefficients (K) and SSQK were
calculated using standard equations.

Table 1 is a standard orthogonal matrix (L)
which involves 5 factors and 5 levels is as obtained
from literature such as Gardiner and Gettinby ( 1998);
Guttman et al. (1971); Drouichel et al. (2001). Efficacy
of the treatment process was based on ability to reduce
selected parameters (suspended solids, bacteria density,
turbidity and concentration ofiron). In this L ;orthogonal
experiments 5 factors with 5 levels were selected based
on literature and importance in water and wastewater
purification. The factors selected are sample’s turbidity
(NTU), chlorine dose, treatment time, settlement time
and concentration of bacteria. The levels are numbered
las the lowest level, 2 as low level through 3 as the
medium level, 4 as high to 5 as the highest level. The
first five columns in the table are the code and level (1
to 5). The last 5 columns are the actual concentration
of the parameters. In the 6" column turbidity (NTU),
the actual turbidity as follows: 100 NTU (lowest), 150
NTU (low); 250 NTU (medium); 300 NTU (high) and
400 NTU (highest). For the 7" column chlorine dose
(mg L) is the parameter with 100 mg L' (lowest), 300
mg L' (low); 450 mg L' (medium); 600 mg L' (high)
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and 750 mg L' (highest). For the 8" column treatment
time (minutes) is the parameter with 10 minutes
(lowest), 20 minutes (low); 30 minutes (medium); 40
minutes (high) and 50 minutes (highest). Columns 9™
and 10" are for settlement time (minutes) and bacteria
density (MPN/100ml) respectively in the same level as
columns 6" ; 7% and 8%,

Table 2a presents efficacies of the treatment in
removing selected parameters (sample’s turbidity
(NTU), suspended solid, iron concentration and
bacteria). The first 5 columns are individual efficacies
for runl (first set experiments), the next 5 columns are
for run 2 till the last 5 columns for run 4. From the table
the lowest efficacy occurred at experiment 23 (turbidity
at the highest level, chlorine concentration at the lowest
level, treatment time at the low level, settlement at
medium level and bacteria density at high level). The
highest efficacies occurred at experiment 5 when
turbidity at the lowest level, chlorine concentration at
the low level, treatment time at the low level, settlement
at low level and bacteria density at low level). This
indicates that turbidity contributes negatively, chlorine
concentration contributes positively, treatment time
contributes positively, settlement contributes positively
and bacteria density contributes negatively to efficacies
of the water treatment process.

Table 3. Summary of statistical requirement

Test Accept H Reject H
His true | Correct decision Type I error
H is false Type Il error | Correct decision

Table 2b shows a standard matrix L, (5°), overall
efficacies computed using equation (2) and statistical
data (mean; minimum, maximum and standard
deviation). The first column is for experiment number,
the next 5 columns are for the L,, matrix code, the
next 7 columns are for the runs ( runs 1 to 4 are as
presented in Table 2a). From the table the lowest
efficacy occurred at experiment 23 (turbidity at the
highest level, chlorine concentration at the lowest level,
treatment time at the low level, settlement at medium
level and bacteria density at high level). The highest
efficacies occurred at experiment 5 when turbidity at
the lowest level, chlorine concentration at the low level,
treatment time at the low level, settlement at low level
and bacteria density at low level). This indicates that
turbidity contributes negatively, chlorine concentration
contributes positively, treatment time contributes

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



Adsorption Kinetics of Pb** Removal from Aqueous Solutions Using Spent Batteries

positively, settlement contributes positively and bacteria
density contributes negatively to efficacies of the water
treatment process.

The values of these variables are as presented in
Table 4. In the computations of effects, the methods used
were based on literature such as (Gardiner and Gettinby,
1998; Lei et al., 2006; Oke, 2009) were followed
(Table 4). From Table 4 it can be concluded that turbidity
of the water used; chlorine dose used; treatment time
and settlement time are significant factors that influence
efficacy of electrochemical treatment of water at
99.5%confidence level with F-ratios of 537.58; 177.47,

127.69 and 46.15 respectively. Although, density of
the bacteria of water used has effects on efficacy of the
electrochemical treatment of water, its significance was
not as high as that of the other four factors. F-ratio of
the factor (density of the bacteria of water used) was
5.26. This can be attributed to causes of turbidity in
water, which are colloidal particle, suspended solid
and organic materials. These materials require more
chemicals to neutralize their negative effects. Figure
2(a to e) presents responses of these selected factors to
efficacy of electrochemical treatment of water at various
levels. From the figure it can be identified that two

Table 4. Statistical Analysis of the efficacies and other data

Level of the factors (K) Turbidity C}(lilorine Treqtment Settl'ement Bacteria
ose Time Time
K= i K, 352.02 235.17 259.72 264.48 269.88
K= D K, 302.47 238.66 243.19 262.21 266.97
K= |::|l &, 264.78 288.02 255.00 260.22 278.55
K= |;! K, 225.61 301.26 306.66 272.95 277.48
7
K= |:| K, 215.31 297.07 295.62 300.33 267.31
=
7 . & . . 382770.8 374230.1 373049.4 371115.5 370145.7
- o, A T L e
SSQK= [ = +§|;|l K +Q]‘ Kug +§;!1< ,D+§;|l Kof

25
SST = ER,? — C = 4246

2

C:T— =74004.21
25

25
T:ZR,. =1360.19

SSOK
DFSSQK = — = — 76554.16 | 74846.03 | 74609.87 | 74223.1 | 74029.14
SSQ= DFSSQK [1C 2549.95 841.82 605.66 218.89 24.94
SSE "
Degree of freedom (df) = 4 MSSE = e SSE = SST — 2 SSQ, = 4.76
SSO
MSSQ = —= 637.49 210.46 151.42 54.72 6.23
dr
F= MSSO _ - M3SQ 537.58 177.47 127.69 46.15 5.26
- MSSE 1.19 ' ' ' ' '
.5
Effects - {250 452 | 260 | 220 | 132 0.45
Coefficients = 0.5 x Effects -2.26 1.30 1.10 0.66 -0.22
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(a) Source of water with plant cover; (b) Source of water (shallow well) at a river bed

(c) source of water with plant and trees in it (d) source of water with flowing stream

Figure 1. Typical sources potable water at the villages
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factors (turbidity and density of bacteria) decrease with
increasing levels, which indicates that these two factors
have negative effects on the efficacy of the treatment
technique. Also, from the figure it was revealed that the
response of three factors (settlement time, treatment
time and chlorine dose used) increases with increasing
levels. These factors have positive effects on efficacy of
electrochemical treatment of water.

Figure 2(a) revealed that minimum turbidity for
effective electrochemical treatment of water is 250
NTU. Figures 2(b) to 2(e) revealed that minimum
effective treatment time for electrochemical treatment
technique is 30 minutes, minimum effective time
for floc settlement (settlement time) is 45 minutes,
minimum supporting disinfection concentration using
calcium hypochlorite is 0.8 mg 1"". ml and minimum
bacteria density was found to be 3 MPN/ 100ml. ml.

Optimization of operational Factors: Figures 3
(a - ¢) show optimization results and influence of these
factors on pollutants removal during electrochemical
treatment. Figure 3a shows that chlorine dose is
a significant factor that influence efficacy of the
electrochemical treatment of water positively (turning
points above the mean). This result indicates that the
higher the chlorine dose during electrochemical process
the more the pollutants will be removed. This can be
attributed to many factors such as reduction in the
resistance of the electrolyte due to lowering organic
matters (oxidation of organic component of the water
by chlorine added), increase in conductivity of the
electrolyte due to addition of ionic material (calcium
hypochlorite), and increase in the flow of current due
to high electrical conductivity. The optimum value
obtained from the graph is 1481 mg I of calcium
hypochlorite, which indicates that change in efficacy
of the system above 1481mg I"' compared to efficacy
of the system at 1481 mg 1! of calcium hypochlorite
will not be significant. Although it might be argued that
1481 mg I'' of calcium hypochlorite is a small amount
of chlorine compared to concentration of pollutants in
some raw water samples, but transforming the value to
equivalent chlorine dose gives 1.97 mg I'! . ml of raw
water which is adequate for wastewater and raw water
(Steel and McGhee, 1979; Metcalf and Eddy, 1993).

From Figure 3b influence of treatment time
(retention time in the reactor) on the efficacy of
electrochemical process is positive (turning point above
the mean). This indicates that higher retention time
increases efficacy of the electrochemical treatment.
This positive effect can be attributed to more electro-
migration of ions from anode into the electrolyte, more
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collusion of unlike charges with colloidal particles,
more of attraction forces and more dissolution of
aluminum electrode into the electrolyte, which can be
expressed as follows:

M(g) = IVT (3

Al -3e = APY @

Optimum retention time was 99.6 minutes, which
equivalent to 0.13 minutes ml™'. Although, the retention
time looks higher than necessary, but due to low direct
voltage source (6 volt) and low current rating (600 mA)
energy loss and cost will be small, which will make the
process inexpensive and attractive.

Figure 3¢ shows that settlement time (sedimentation
time) is among the factors that influence efficacy of the
electrochemical treatment process positively (turning
points above the mean). This result indicates that
the higher the sedimentation time for the flocs more
efficiency of electrochemical process. This phenomenon
can be attributed to reduction in the suspended solid,
higher time for flocculent particles (type II settling) ,
zone settling (type III settling) and compressive settling
(type 1V settling). The optimum value obtained from
the graph was 148.0 minutes, which is equivalent to
0.20 minutes ml"! of raw water sample.

Engineering
applications of the

Applications: Engineering
technique are as follows:

« Efficacy of the technique: A model that
relate efficacy of the technique to the selected
factors was developed and the model is as follows:

Y(%) = 60.68 = 2.26T, +1.30CL, +1.10T, +0.6 S, —0.22D,

+ Design Parameters: The main function of
environmental engineers is to design an effective
environmental pollution control devices using design
parameters. For the section required design parameters
are:

+ Retention time: Retention time was defined
as effective time required reducing pollutant optimally.
For this technique effective time (detention time) can

be expressed as: R, (h) =0.130,

+¢ Chlorine dose: The study conducted on the
technique revealed that chlorine is require to reduce
microorganism and effective concentration can be

related to flow rate as C,(g) =1.970,
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¥= 170488 - 599752 + 313,22
y=5,5014x - 68.037x+415.63 A = 00972
R’ =0.9956

[EeTE P,

Figure 2a. Turbidity of the water used Figure 2b. Treatment Time of electrochemical

¥ =5 2871x’ - 23.470x + 284,32
R =0.9784

y = -5.7695x° + 50.328x + 190,38
R* =09978

[EeT P,
[EeT P,

Figure 2c. Chlorine dose Used Figure 2d. Settlement Time

% Sedimentation tank: Size of sedimentation
tank is important in water and wastewater treatment

plant to remove effectively suspended solids,
/\ flocs and floating solids. Size of sedimentation
tank can be expressed in relation to flow rate as:

e 543757 o OSTC 4 IR TE Vst (m3/h) = 080Qn = 6538R,

I ' = 0T

« Energy Required: For the electrical energy
is required. The amount of energy required can be
expressed in relation to flow rate, voltage of the
electrical source and retention time as:

E (Kwh)=Q VT,
Figure 2e. Density of bacteria in water used -0 13VQ2
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y = -BE-06x" + 0.0237x + BO516
R =0.9472

EMesey of electeos hermieal reatment

Chiloring dose used (mg]

Figure 3a. Optimization of chlorine dose using sleepest ascent

¥ =-00017x" +0.3387x + B1056
R’ =09191

EMesey of electoe hermieal reatment

Treatment Time (minutes)

Figure 3b. Optimization of Treatment time using sleepest
ascent

y = -0.0008x" +0.2363x + B0.559
A = 0.9494

EMesey of electaoshermieal reatment

Setlemment time [minutes)

Figure 3c. Optimization of settlement time using sleepest
ascent
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Cost of energy required for the treatment: The
cost of treatment using the technique can be expressed
in relation to energy required as:

C,(Nigeria Naira) =12.56 E
C,(US$)=0.016E,

CONCLUSION

In this study, L, orthogonal experiments, which
involves 5 factors with 5 levels were selected based
on literature and importance in water and wastewater
purification were studied. The factors selected are
sample’s turbidity (NTU), chlorine dose, treatment
time, settlement time and concentration of bacteria.
Effects of selected factors on efficacy of electrochemical
treatment in purification of typical raw water were
conducted using statistical technique (L, orthogonal
experiments). Raw surface water samples were collected
from selected sources of water in Nigeria. These water
samples were subjected to electrochemical treatment at
various factors using orthogonal technique. The study
revealed that electrochemical treatment of raw water
supported by electrolyte (chlorine dose) is promising
in removing turbidity, suspended solid, bacteria and
iron concentration. It was concluded that the technique
is cost effective and selected factors are significant in
the efficacy of the system. It was concluded that the
technique can be used to replace conventional water
treatment technique at household level based on the
cost and efficacy.

ABBREVIATIONS AND SYMBOLS

C, influent concentration of the pollutant
(mg L)

C, effluent concentration of the pollutant
(mg L)

df degree of freedom

C statistical constant

y number of levels

K. K value for level 1 and factor 1

K., K value for level 2 and factor i

K, K value for level 3 and factor 1

K, K value for level 4 and factor i

K K value for level 5 and factor 1

w
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DFSSQK = SSOK

SSQK sursn of square of K
SST Sum of square of T
SSQ sum of square of factor Q
Q, flow rate (m* d!)
.\ Turbidity of the water used (NTU)
Cl, chlorine dose used (mg 1)
T, Treatment time (minutes)
S, Settlement time (minutes)
D, bacteria density (MPN 100ml")
R, Optimum time (h)
R, Individual efficacy (%)
R, overall efficacy (%)
E, Energy required for the treatment
(Kwh)
C, energy cost (US dollar)
\Y voltage used (v)
I current used (A)
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Tiirkiye’de Tarimsal Uretim ile Tarimsal Kredi Kullanimi
Arasindaki Nedensellik iliskisi

Mustafa TERIN!, Irfan Okan GULER!, Adem AKSOY'!

OZET: Calismanin amact, tarimsal iiretim ile tarimsal kredi kullanimi arasinda nedensellik iliskisi olup olmadigini
tespit etmektir. Bu amacla ¢alismada 1995-2012 yillar1 aras1 18 yillik zaman serisi verisi kullanilmistir. Tarimsal
iiretim ile tarimsal kredi arasindaki nedenselligi test etmek i¢in Augmented Dicky-Fuller (ADF) birim kok testi,
Johansen es biitiinlesme testi ve Granger nedensellik testi kullanilmistir. Granger nedensellik analizi sonuglarina
gore; tarimsal {iretim ile tarimsal kredi arasinda tarimsal iiretimden tarimsal krediye dogru tek yonlii bir nedensellik
iligkisinin oldugu tespit edilmistir.
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ABSTRACT: The purpose of this study is to determine whether there is a causal relationship between the use
of agricultural credit an agricultural production. For this purpose, an 18 year time series data was used between
the years of 1995-2012. To test the causality between agricultural production and agricultural credit, Augmented
Dickey-Fuller (ADF) unit root test, Johansen co-integration test and Granger causality tests were used. According
to the results of Granger causality analysis, there is a unidirectional causality from agricultural production to
agricultural credit use.
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Mustafa TERIN ve ark.

GIRIS

Ekonomik kalkinmanin temel unsurlarindan birisi
olan tarimsal iiretim artigi; amaca yonelik yatirimlara,
teknolojik yenilikleri uygulamaya ve verimliligi
artirtlmis siirekli bir tiretime baglidir. Tarimda tiretimin
devamliligt i¢in en Onemli faktorlerden birisi ise

finansman teminidir (Karli, 1991; Hiismanlar, 2011;
Erdas, 2012).

Sermayesi yeterli olmayan iireticiler, tiretim
faaliyetlerini zamaninda ve tam olarak yerine
getirebilmek i¢in, isletme dis1 kaynaklara basvurarak
isletme  sermayesi  saglamaya  caligmaktadirlar.
Borglanma yoluyla elde edilen bu tiir fonlar gliniimiizde
genellikle devlet eliyle desteklenen, organize olmus ve
uzmanlasmis kredi kurumlar tarafindan verilmektedir
(Frat, 1992; Taskiran, 2011).

Son yillarda tarimsal {iretim ve tarimsal kredi
kullanirminda meydana gelen artislar bu iki degisken
arasinda ne tir bir iliski oldugu konusunda merak
uyandirmigti. Bu nedenle c¢aligmada, tarimsal kredi
kullanim ile tarimsal {iretim arasinda bir nedenselligin
var olup olmadig1 ve eger varsa hangi yonde oldugu,
diger bir ifade ile tarimsal kredi kullaniminin m1 tarimsal
tretimi tetikledigi yoksa tarimsal iiretimin mi tarimsal
kredi kullanimini tetikledigi tespit edilmeye ¢alisilmistir.

MATERYAL VE YONTEM

Calismada tarimsal iiretimi temsilen kullanilan
tarrmsal iiretim degerleri Tiirkiye Istatistik Kurumu
(TUIK) verilerinden, tarimsal kredilere ait veriler
ise Tiirkiye Bankalar Birligi (TBB) verilerinden
saglanmistir. Tarimsal dretim degeri ve tarimsal
kredilere ait nominal degerler 2012 yili TUFE serisi
100 kabul edilerek reel hale getirilmis ve verilerin
dogal logaritmalar1 alinarak analizler yapilmustir.

Tarimsal iiretim ile tarimsal krediler arasindaki
nedensellik iliskisi 1995-2012 dénemi i¢in olusturulan
zaman serisi verileri “Granger Nedensellik Testi”
(Granger, 1969), kullanilarak analiz edilmistir.
Tiirkiye’de tarim sektdriinde Granger nedensellik
testinin kullanildig1 caligmalar; Abay ve ark., (2001),
Terzi ve Oltulular (2004), Yildiz ve Oguzhan (2007),
Tiirkekul (2008), Aktas ve ark., (2010) ve Aksu (2012)
olarak siralanabilir.

Calismada zaman serisi verileri kullanildigindan
ilk olarak verilerin duraganlik testlerinin yapilmasi
gerekmektedir. Granger nedensellik testini
uygulayabilmek i¢in degiskenlere ait verilerin duragan
olmasi gerekmektedir. Granger and Newbold (1974),
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nedensellik analizine konu olan degiskenlerin duragan
yapiya sahip olmalarinin gerekliligini vurgulamiglardir.
Bir zaman serisi, ortalamasi ile varyansi zaman iginde
degismiyor ve iki donem arasindaki ortak varyansi bu
ortak varyansin hesaplandigi donem degil de yalnizca
iki donem arasindaki uzakliga bagh ise duragandir
(Gujarati, 1999).

Arastirmada ele alinan zaman serilerinin duraganlik
analizi, Dicky and Fuller (1981) tarafindan gelistirilen
“Genisletilmis Dickey-Fuller” (ADF) birim kok
testi kullanilarak yapilmistir. Bu analizde asagidaki
denklem kullanilmigtir. Duragan olup olmadig1 analiz
edilen degiskenin birinci farki, t genel egilim degiskeni,
gecikmeli fark terimleridir. Gecikmeli fark terimlerinin
konulmasinin nedeni, hata teriminin ardisik bagimsiz
olmasini saglamaktir.

ADF testinin saglikli sonu¢ vermesi igin tahmin
edilen modelde ardisik bagimlilik (otokorelasyon)
probleminin olmamasi1 gerekmektedir. Denklemde
“k” olarak ifade edilen gecikme uzunlugu, genelde
Akaike veya Schwarz bilgi kriterleri kullanilarak
belirlenmektedir. ADF testi, yukaridaki denklemde
O katsayismmin istatistiksel olarak sifira esit olup
olmadigini test etmektedir.

Bu smmama, elde edilen ADF-t istatistiginin
MacKinnon kritik degeri ile karsilastirilmasiyla
yapilmaktadir. Eger ADF-t istatistigi MacKinnon kritik
degerinden mutlak olarak biiyiikse, ele alinan zaman
serisi duragan demektir. Aksi takdirde seri duragan
degildir ve duraganhigi saglanincaya kadar farkinin
alinmasi gerekmektedir.

Duragan olmayan zaman serilerinin diizey degerleri
ile calisihp c¢aligilamayacagimi anlamak igin es
biitiinlesme analizi yapilmasi gerekmektedir (Karaca,
2003; Tiirkekul, 2007).

Seriler arasindaki es biitiinlesme iligkisini
belirlemede, yaygin olarak Engle and Granger (1987),
Johansen and Juselius (1990) tarafindan Onerilen
yontemler kullanilmaktadir. Calismada  tarimsal
iiretim ile tarimsal krediler arasinda es biitlinlesme
iligkisi olup olmadigi Johansen and Juselius (1990)
tarafindan gelistirilen “Johansen Es Biitiinlesme Testi”
kullanilmastir.

Tarimsal iiretim ile tarimsal krediler arasindaki
bir iliski olup olmadig1 ve bir iliski varsa bu iliskinin
yOniiniin nasil oldugunu ortaya koymak igin Granger
nedensellik testi kullanilmistr.

Ampirik calismalarda Granger nedensellik testi
uygulanabilirligindeki kolaylik sebebi ile en ¢ok tercih
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edilen bir yontemdir (Uzunoz ve Akgay, 2010). Granger
esitlikleri agagidaki gibi belirlenmistir

Gecikme katsayilarmi, k biitiin degiskenler i¢in or-
tak gecikme derecesini =M &t =M 3t hatg
terimlerini birbirinden bagimsiz olduklar1 (White noi-
se) varsayilmaktadir.

Granger nedensellik analizi esitlik (2) ve (3)’te hata
terimlerinden 6nce yer alan bagimsiz degiskenin gecik-
meli degerlerinin katsayilarinin sifira esit olup olmadigi
test edilerek yapilmaktadir (Granger, 1969).

250

ARASTIRMA BULGULARI

Tiirkiye’de Tarimsal Uretim Degeri ve Tarimsal
Kredi Kullanimi

Tarimsal {iretim degerinin 1995 yilindan 2001 yilina
kadar diisme 2001 yilindan itibaren ise yiikselme egi-
liminde oldugu goriilmektedir (Sekil 1). 1995 yilinda
187.7 milyar TL olan tarimsal iiretim degeri 2012 y1-
linda 170.4 milyar TL gerilemistir. 2012 y1l1 itibariyle
Tiirkiye’de tarimsal tiretim degerinin en yiiksek oldugu
bolgeler sirasi ile Akdeniz, Ege, Giiney Dogu Anadolu
ve Bati Marmara bolgeleridir (TUIK, 2013).

200
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Sekil 1. Tiirkiye’de Reel Tarimsal Uretim Degeri
Kaynak: TUIK, 2013

Tiirkiye’de toplam kredi kullanimi hizla bir sekilde
artmaya devam etmektedir. 1995 yilinda toplam kredi
kullanimi1 117.6 milyar TL iken 2012 yilinda bu rakam
720.9 milyar TL yiikselmistir (TBB, 2013). Ekonomik
bliyime ve gelisme ile birlikte kredi kullanim
sartlarindaki (faiz ve vade) iyilesmeler bu hizl
yiikselisin en dnemli nedenleri arasinda yer almaktadir.

Tiirkiye’de tarimsal kredi kullanimi 1997 ve
2002 yillart arasinda hizli bir diigiis yasamistir. 1997
yilindan 42.1 milyar TL’ye kadar yiikselen tarimsal
kredi kullanimi 2002 yilinda 6.6 milyar TL’ye kadar
gerilemistir (Sekil 2). Ancak 2002 yilindan sonra
ozellikle 6zel bankalarinda tarim sektoriine kredi imkani

Cilt/ Volume: 4, Say1/ Issue: 1,2014

saglamasi ve kredi kullanim sartlarindaki iyilesmeler
ile birlikte tarimsal kredi kullanim1 artmaya baglamaistir.
2002 yilinda 6.5 milyar TL olan tarimsal kredi kullanimi1
2012 yilinda 24.8 milyar TL’ye yiikselmistir (Sekil 2).

Ekonomik gelisme ile birlikte sanayi ve hizmetler
sektoriiniin ekonomi igindeki payr artarken tarim
sektdriiniin ekonomi i¢indeki pay1 giderek azalmaktadir.
Bu durum tarmmsal kredi kullanimimin toplam kredi
kullanimi igindeki paymmin da giderek azalmasina
neden olmaktadir. Nitekim 1995 yilinda toplam kredi
kullanimi iginde tarimsal kredilerin pay1 %21.0 iken
2012 yilinda bu oran %3.4’¢ gerilemistir (Sekil 2).
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Tanmsal Kredi
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Sekil 2. Tiirkiye’de Tarimsal Kredi Kullanimi ve Toplam Kredi I¢indeki Pay1 (%)

Kaynak: TBB, 2013

Birim Kok Test Sonuclari

Degiskenlere ait birim kok test sonuglar1 Cizelge
1’de verilmistir. Bu sonuglara gore, degiskenler
diizey degerlerinde birim koke sahiptir. Yani ilgili
degiskenler diizeyde duragan degildir. Bu nedenle
degiskenlere ait verilerin birinci farklar1 alinarak

Cizelge 1. Serilerin ADF Birim Kok Testleri

ADF test istatistikleri yeniden hesap edilmistir. Elde
edilen ADF test istatistik degerleri, mutlak deger
olarak MacKinon kritik degerinden biiyiik ¢iktig1
icin seriler duragan hale gelmistir. Dolayis1 ile
ilgili degiskenler %1 ve %5 anlamlilik diizeyinde
duragandir.

ADF Degerleri

Degiskenler Diizey Birinci Fark
Sabit ve trend Sabit ve trend

LNTUD -1.893 -3.918%*

LNTKREDI -0.826 -5.666*

Serinin birinci farki *%1 ve **%5 anlam diizeyinde birim kdke sahip degildir. MacKinnon kritik degerleri %1 ve %5anlamlilik diizeyleri igin sirastyla -4.616

ve -3.710.

Es Biitiinlesme Test Sonuclari

Degiskenlerin ayn1 diizeyde duragan olmasi uzun
donem iliskilerinin incelenmesine olanak tanimaktadir.
Seriler arasindaki es biitiinlesme Johansen and Juselius

Cizelge 2. Johansen Es Biitiinlesme Testi Sonuglari

(1990) tarafindan Onerilen yontem kullanilarak analiz
edilmigtir. Sonuglar incelendiginde, modelde iki adet es
biitlinlesme vektoriiniin bulundugu tespit edilmistir. Bu
nedenle seriler arasinda uzun dénemli bir iliski mevcuttur.

Es bitinlesik vektor Oz deger iz istatistigi %5 kritik deger P- degeri
sayisi Istatistigi

Hig yok 0.711 23.909** 15.495 0.002
En ¢ok 1 0.298 5.299* 3.841 0.021

** Sifir hipotezin %1 ve * %5 anlamlilik diizeyinde reddedildigini gostermektedir.

r: Koentegrasyon vektoriiniin sayisi
Optimum gecikme uzunlugu AIC kriterine gore 1 olarak alinmustir.
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Nedensellik Test Sonuclari

Granger nedensellik analizi sonuclari gizelge 3’te
verilmistir. Bu sonuglara gére, TUD’den tarimsal
kredilere dogru %5 anlamlilik diizeyinde tek yonlii
bir nedensellik iliskisi tespit edilmistir. Bu sonuca
gore, tarimsal iiretim degerinin artmasi tarimsal
kredi kullaniminin artmasina neden olmaktadir.
Nedensellik analizi, zaman icinde iki olaydan
hangisinin daha Once meydana geldigini ifade
etmektedir. Bu nedenle tarimsal iiretim degerinden
tarimsal kredilere dogru gerceklesen nedensellik

iliskisi, TUD’deki degismelerin tarimsal kredi
kullanimindaki  degismelerden Once meydana
geldigi sonucu ortaya c¢ikarmaktadir. Tarimsal

iiretim degerinin artmas1 direkt veya dolayli olarak
tarimsal gelirde artisa neden olacagindan tarimsal

Cizelge 3. Pairwise Granger Nedensellik Testi Sonuglari

gelirin artmas1 tarimsal kredi kullanim miktarim
arttiracaktir.

Literatiirte tarimsal kredi kullanimiile tarimsal {iretim
arasindaki nedenselligi inceleyen pek fazla caligma
bulunmamakla birlikte Aksu (2012), tarafindan yapilan
calismada tarimsal {iretim ile tarimsal kredi arasindan
herhangi bir nedenselligin varlig1 tespit edilememistir.
Ancak ekonomik biiyiime ve kredi kullanim1 arasindaki
nedenselligi inceleyen ¢alismalarda Kar and Pentecost
(2000), Ceylan ve Durkaya (2010), ekonomik
biiyiimenin kredi kullanimin1 pozitif yonde etkiledigini
King and Levine (1993), Levine and Zervos (1998),
Calderon and Liu (2002) ve Beck and Levine (2004),
ise finansal gelismenin (kredi vs) ekonomik biiyiimeyi
pozitif yonde etkiledigini tespit etmislerdir.

Sifir Hipotezi F Istatistigi p degeri Karar
0.013 0.912 KABUL
TKREDI TUD’nin Granger nedeni degildir
8.422" 0.012 RED

TUD TKREDI nin Granger nedeni degildir

%5 diizeyinde énemlidir. Gecikme uzunlugu maksimum AIC(1) olarak alinmustir.

SONUC VE ONERILER

Calismada, tarimsal kredi kullanimi ile tarimsal
iretim arasindaki uzun donem nedensellik iliskisi
1995-2012 yillarim1 kapsayan donem dikkate alinarak
incelenmistir. Serilere iligkin birim kok testleri
yapilmig ve tarimsal kredi ve tarimsal {iretim degeri
degiskenlerinin birinci farki alinarak duragan hale
getirilmistir. Johansen es biitiinlesme testi sonucunda
tarimsal kredi kullanimi ile tarimsal iiretim degeri
arasinda bir es biitiinlesme oldugu ve bu degiskenler
arasinda uzun donemli bir iliskinin varlig1 belirlenmistir.

Granger nedensellik analizinden elde edilen
sonuglar; tarimsal iiretim degerinden tarimsal kredi

Cilt/ Volume: 4, Say1/ Issue: 1,2014

kullanimina dogru tek yonli bir iliskinin varligin
gostermektedir. Nedensellik analizinin, zaman iginde iki
olaydan hangisinin daha énce meydana geldigini ifade
ettigi gerceginden hareketle TUD’deki degismelerin
tarimsal kredi kullanimindaki degismelerden Once
meydana geldigi sonucuna ulagilabilir.

Bu sonug, Tiirkiye’de tarimsal iiretim degerindeki
artisgin ~ tarimsal  kredi  kullanimin1t  arttiracagini
gostermektedir. Bu nedenle tarimsal iiretimi arttirmaya
yonelik uygulanacak altyapi calismalar1 ve tesvikler
dolayli olarak da olsa tarimsal kredi kullanimim
arttiracaktir. Bu durum ekonomik hayatin gelismesine
ve tarim sektoriine kredi saglayan kurumlarin artmasina
ve gelismesine katki saglayacaktir.
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Farkh Fotoperiyot Sartlarinda in vitro Olarak Yetistirilen patates
(Solanum tuberosum L.)’lerde BAP’1n NAA ve IBA ile Birlikte
Mikro Yumru Olusturma Uzerine Etkileri

Ahmet Metin KUMLAY', Neset ARSLAN?, Canan KAYA?

OZET: Bu galisma, benzyl aminopurine (BAP)’in tek basina ya da o-naphthaleneacetic acid (NAA) ve
indole-3-butyric acid (IBA) ile birlikte Pasinler, Granola ve Caspar patates ¢esitlerinin tek bogum siirgiin
kesimlerinin mikroyumru (MY) olusturmasi iizerine etkisini belirlemek i¢in yiiriitilmiistiir. Eksplantlar kisa giin
sartlart (8 saat 151k) ve tamamen karanlik sartlar1 gibi iki farkli fotoperiyot sartlarinda gelismeye birakilmislardir.
Bu makalede patateste MY olusumu &zelliklerinden alinan gézlemler degerlendirilmistir. MY olusumu tamamen
karanlik sartlarda (50.98 giin) kisa giin sartlarina gore (55.88 giin) daha erken baslamistir. Karanlik sartlarda MY
sayisi (2.94 adet) 8 saat 151k sartlarina gore (2.35 adet) daha fazla elde edilmistir. Aradaki fark istatistiki olarak
onemli olmamasina ragmen, toplam MY agirligiin da karanlik sartlarda (432.02 mg), kisa giin sartlarindan (389.13
mg) daha fazla oldugu goriilmistiir. Hi¢ hormon igermeyen MS ortami (kontrol) en yiiksek MY degerleri vermistir.
Elde edilen sonuglar, tamamen karanlik sartlarin kisa giin sartlarina gore, %8 sukroz igeren hormonsuz kontrol
ortaminin diger bitki bilylime diizenleyicilerine gore daha iistiin oldugunu, BAP+IBA uygulamasinin kontrolden
sonraki en uygun uygulama oldugunu gostermistir. Bulgular ayrica, kullanilan bitki biiyiime diizenleyicilerinin
etkisinin geside bagl olarak degisebilecegini gdstermistir.

Anahtar kelimeler: Patates, bioteknoloji, doku kiiltiirii, in vitro, mikroyumru

The Effects of BAP with NAA and IBA on Microtuberization of
in vitro Grown Potatoes (Solanum tuberosum L.) under Different
Photoperiod Conditions

ABSTRACT: The present research was carried out to determine the effect of benzyl aminopurine (BAP) with
a-naphthaleneacetic acid (NAA) and indole-3-butyric acid (IBA) combinations on the microtuberization of Pasinler,
Granola and Caspar potato genotypes using stem segments with single nodes. Explants were incubated at two
different photoperiod conditions such as short day (8 hours daylight) and continuous dark. Observations from the
microtuber characteristics were examined in this article. Microtuberization started earlier under continiuous dark
(50.98 days) than short days (55.88 days) conditions. Higher number of microtubers per plantlets was determined
on continuous dark (2.94) than 8 hours photoperiod (2.35). Total microtuber weight was also higher under
continuous dark (432.02 mg) than short day (389.13 mg) although differences between them were insignificant.
Presented results showed that the effect of continuous dark was more dominant than short days and the influence
of control treatment including only 8%sucrose and combination of BAP+IBA was more pronounced compared to
other hormonal treatments. Findings of the research also revealed that the effect of PGRs on plantlet characteristics
studied was variable depending on the genotype.

Keywords: Potato, biotechnology, tissue culture, in vitro, microtuber
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In vitro sartlarda mikroyumru (MY) c¢ogaltimi
patates (Solanum tuberosum L.) tohumluk programi
i¢cerisinde temel tohumluk elde edilirken kullanilmak-
tadir. Son yillarda sertifikali tohumluk {iretim program-
larinda, gen kaynaklarinin muhafazasi ve dagitiminda
ve yumru olusum mekanizmalarinin ¢alisilmasinda MY
kullanimi gittikge daha biiyiik bir 6énem kazanmigtir
(Coleman et al., 2001, Donnelly et al., 2003). MY
olusumunun baslamasi ve devamui i¢in etkili faktorlerin;
151k siddeti ve kalitesi, sicaklik, patates ¢esidi, explant
kaynag1 ve tipi, sukroz ve degisik biiylime diizenley-
icilerinin kombinasyonu oldugu yapilan aragtirmalar
sonucu ortaya konulmustur (Khuri and Moorby, 1995;
Hossain, 2005; Ghavidel et al., 2012).

Cesidin in vitro sartlarda MY elde edilmesini et-
kileyen en oOnemli faktorlerden oldugu, (Hossain,
2005), erkenci ¢esitlerin gegcilere gore daha erken MY
olusturmaya basladig1 (Levy et al., 1993) ve bazi ¢esit-
lerin fitohormon olmazsa dahi MY olusturmaya basla-
dig1 (Aryakia and Hamidoghli, 2010) rapor edilmistir.

Besi ortamina ilave edilen sukrozun MY olusu-
munda 6nemli oldugu vurgulanmig; bazi arastiricilar
%6 bazilan ise %8 sukroz konsantrasyonunun ise en
iyi sonucu verdigini bildirmislerdir (Khuri and Moor-
by, 1995; Coleman et al., 2001; Donnelly et al., 2003).
Benzyl aminopurine (BAP), a-naphthaleneacetic acid
(NAA) ve indole-3-butyric acid (IBA)’in ortamdaki
etilen tiretimini ve dolayisiyla MY olusumunu uyardigt;
BAP ilavesiyle yumru olusum etkinliginin arttig1 (Hus-
sain et al., 2006; Aryakia and Hamidoghli, 2010),
BAP’1n sadece %4 (w/v) sukroz konsantrasyonunun
iizerinde MY olusumunu tegvik ettigi (Banfalvi et al.,
1997), optimum MY sayist ve MY agirligi i¢in BAP
konsantrasyonunun 2 mg L' ve fotoperiyotun 8 saat ve
olmasi gerektigi (Belletti et al., 1994) rapor edilmistir.
Ebadi ano Iranbaksh (2011) 80 g L' sukroz ve 10 mg
L' BAP i¢eren MS ortamlarinin biitiin bu parametreleri
optimize eden bir uygulama oldugunu belirtmislerdir.

Bu calismanin amaci farkli fotoperiyot ve bitki
bliylime diizenleyicileri (oksin olarak IBA ve NAA, si-
tokinin olarak BAP) kullanilarak Pasinler, Granola ve
Caspar patates cesitlerinin in vitro sartlarda MY iireti-
minin gerceklestirilmesidir.
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MATERYAL VE YONTEM

Cahsma Yeri, Kullanillan Patates Cesitleri ve
Malzemelerin Sterilizasyonu

Arastirma, Erzurum Dogu Anadolu Tarimsal
Aragtirma  Enstitiisi =~ Miudiirliigi  laboratuarinda
yuriitiilmiistiir. Calismada Pasinler, Granola ve Caspar
patates cesitleri kullanilmigtir. Yumru ortamlarinin
konuldugu cam kavanozlar ve besi ortamlarinin
hazirlanmasinda kullanilan saf su 121 °C’de 15 dakika
tutulmak suretiyle sterilize edilmiglerdir. Petri kaplari,
bisturi, pens ve diger malzemeler de aliiminyum folyoya
sartlarak 180-200 °C’de 3 saat siireyle etiivde tutulmak
suretiyle sterilize edilmiglerdir.

Besi Yerinin Hazirlanmasi ve Sterilizasyonu

Besi yeri olarak Murashige and Skoog (1962)
tarafindan  gelistirilen ve giiniimiizde degisik
modifikasyonlarmin yaygin bir sekilde uygulandigi
MS ortami kullanilmigtir. Ortam pH’st 5.6-5.8°¢
ayarlandiktan sonra, katt besi ortami i¢in 8 g L
agar ilave edilmis, ortamlar cam balonlar icerisinde
121 °C’de 15 dakika otoklave edilmis, otoklavdan
¢iktiktan sonra sicakligin 45-50 °C’ye diismesiyle,
yumru elde etmede kullanilacak hormonlar 1s1ya hassas
olduklarmdan 0.2 pm miliporlardan (Schleicher&
Schuell, FP 30/0,2 CA-S; 0.2 pm; 7 bar max) gegirilerek
ortama ilave edilmistir. Daha sonra her bir kavanoza 20-
25 ml besi ortam1 konularak katilasmalar1 beklenmistir.
Calismada kullanilan bitki biiyiime diizenleyicileri ve
konsantrasyonlar1 su sekilde ayarlanmistir: 1. Ortam:
Kontrol, 2. Ortam: 2 mg L' BAP, 3. Ortam: 10 mg L
NAA+ 2 mg L' BAP, 4. Ortam: 10 mg L' IBA + 2 mg
L' BAP.

Bitkisel Materyalin Hazirlanmasi

Meristemden gelisen bitkicikler steril bisturi
yardimiyla tek bogum aralarindan kesilerek iglerinde
MS+Bitki Biiyiime Diizenleyicisi olan kavanozlara
aktarilmig; her bir kavanoz igerisine 4 eksplant olacak
sekilde ortamlarin her birinden 5 tekerriir yapilmistir.

Calismada Uygulanan Fotoperiyot Sartlar

Besi ortamma alinan bitkicikler 4 hafta boyunca
meristem ve cogaltim sartlartyla ayni tutulmus [16
saat aydinlik, 8 saat karanlik (24+2 °C), 2000 liiks 151k
yogunlugu], daha sonra 2 farkli fotoperiyot sartlarina
almmig ve biiylitme kabinlerindeki 151k ve sicaklik
uygulamalar1 su sekilde ayarlanmistir: 1. Fotoperiyot:
8 saat aydinlik (22+2 °C) ve 16 saat karanlik (16+2 °C),
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2. Fotoperiyot: Tamamen Karanlik (8 saat 2242 °C, 16
saat 162 °C).

Yapilan Gézlem ve Olgiimler ve Verilerin
Degerlendirilmesi

Calismada MY olusum baglangict giin sayisi,
MY olusturan bitki oran1 (%), stolon sayist (adet),
toplam MY sayis1 (adet), bitki basma MY agirlig
(mg), ortalama tek MY agirligi (mg) ve MY cap1 (mm)
gozlemleri alinmigtir.

Aragtirma sonucunda elde edilen veriler TARIST
paket programinda, “Tesadif Bloklarinda Bdliinen
Bolinmils Parseller Deneme Deseni”ne gore 2
fotoperiyot, 3 ¢esit ve 4 farkli besi ortami 5 tekerriirlii
olarak degerlendirilmistir.

Ele alman her bir 6zellik i¢in fotoperiyot, ¢esit
ve besi ortamlar1 arasindaki farkliliklar LSD testi
uygulanarak belirlenmis; bu faktorler arasindaki
interaksiyonlar da grafik c¢izilerek izah edilmeye
calisilmistir (Cizelge 1 ve 2).

BULGULAR VE TARTISMA

Calisma sonucunda degerlendirmeye tabi tutulan
bitki Ozelliklerine fotoperiyot, ¢esit ve ortamlarin
etkileri ayr1 alt bagliklar altinda degerlendirilmistir.

iIk mikroyumru olusum baslangici giin sayisi
(MYGS)

Fotoperiyot, ¢esit ve ortamlar arasindaki farklilik
ile ¢esit x ortam interaksiyonu ¢ok onemli (p<0.01),
fotoperiyot x ortam interaksiyonu onemli (p<0.05),
fotoperiyot x ¢esit ve fotoperiyot x ¢esit x ortam
interaksiyonu 6nemsiz (p>0.05) olarak belirlenmistir.
Fotoperiyot x c¢esit x ortam interaksiyonu Onemsiz
olarak belirlenmesine ragmen, MY olusumunun
tamamen karanlik sartlarda Pasinler c¢esidinde
BAP+IBA ortaminda en erken basladigi (32.2 giin),
bunu yine karanlik sartlarda BAP+IBA ortaminda
Caspar c¢esidinin (39.2 giin) ve konrol ortaminda
Granola ¢esidinin (40.6 giin) takip ettigi goriilmektedir
(Sekil 1 ve Cizelge 2).

Cizelge 1. Patates gesitlerinden alinan gozlem ve degerlendirmeler iizerine fotoperiyot, ¢esit ve hormon uygulamalarinin etkisi ile

ikili interaksiyon F degerleri

Alman Goézlemler

Uygulamalar MYGS MYO S8 TMYS BBMYA MYC
(giin) . (adet) TMYA (mg)
(%) (adet) (mg) (mm)
Fotoperyot Ortalamalari
8 saat Isik 55.88b 80.83 5.48b 2.35b 389.13 167.87 5.12a
Karanlik 50.98a 75.83 6.68a 2.94a 432.02 153.98 391b
Fotoperiyot F 7.289%** 1.412" 16.859%* 12.876%* 1.248" 0.924™  15.904**
Cesit Ortalamalar:
Pasinler 47.78a 81.25 6.60a 2.89 502.48a 184.03a 5.06a
Granola 58.45b 75.00 6.05ab 2.63 277.25b 108.28b 3.80b
Caspar 54.08b 78.75 5.60b 243 452.00a 190.48a 4.68a
Cesitler F 11.657** 0.745™ 3.915* 2.639™ 12.638%* 13.350%* 6.075**
Hormon Uygulamalar1 Ortalamalar
Kontrol 47.37a 90.00a 8.17a 3.00a 466.07a 168.77 4.57a
BAP 56.70b 78.33ab 4.83¢ 2.83a 419.93a 160.80 5.05a
BAP+NAA 61.60b 66.67b 4.37¢ 1.85b 281.77b 155.07 3.60b
BAP+IBA 48.07a 78.33ab 6.97b 2.90a 474.53a 159.07 4.83a
Uygulamalar F 14.468%* 5.124%* 37.581%* 10.526%* 5.394%* 0.159™ 4.456**
Interaksiyon F Degerleri

FP x Cesit F 1.376™ 0.353" 1.873" 3.313* 1.124x 2.236"™ 0.196"
FP x Ortam F 3.862* 0.679™ 1.544n 0.561™ 2.797* 3.535% 5.213**
Cesit x Ortam F 3.530** 1.791 11.681** 6.102%* 2.259* 1.369™ 1.877"

FP: Fotoperiyot, MYGS: Mikroyumru olusumu giin sayisi, MYO: Mikroyumru olusum orani, SS: Stolon Sayisi, TMYS: Toplam
mikroyumru sayisi, BBMYA: Bitki bagina mikroyumru agirligi, TMYA: Tek mikroyumru agirligi, MYC: Yumru Cap1
**: %1 seviyesinde onemli, *: %5 seviyesinde 6nemli, ns: dnemli degil.
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Tamamen karanlik sartlarda MY olusumunun
daha erken basladigi, kiiltire alindiktan sonraki
ilk devrelerde karanlik sartlarda yumru olusum
hizi, yumru sayisi, yumru biiyiikliigiiniin daha
fazla oldugu, ileriki asamalarda ise 8 saatlik 151k
periyodunda yumru sayist ve biiyiikliigiiniin daha
fazla oldugu belirlenmistir. Ortiz-Montiel ve
Lozoya-Saldana (1987) yumru olusum baslangicinin
5. haftadan itibaren (35. giin) basladigini, Slimmon
et al., (1989) tek bogum kesimlerinden elde edilen

bitkiciklerin %47’sinin ilk 4 haftalik siire sonunda
tamamen karanlik sartlarda yumru meydana
getirdigini, buna karsin 8 saatlik 151k sartlarinda bu
oranin %20 oldugunu, Costa et al. (1991) ilk yumru
olusumunun 30. giinden itibaren basladigini rapor
etmislerdir. Dobranszki and Mandi (1993) 8 saatlik
151k uygulamasinin yumru olusumunu geciktirdigini,
buna karsin 8 saatlik fotoperiyottan sonra uygulanan
tamamen karanlik sartlarin hizli bir yumru olusumunu
tesvik ettigini belirtmislerdir.
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Sekil 1. Mikroyumru olusumu giin sayisi iizerine hormon uygulamalari ve fotoperyot sartlarinin etkisi.

Mikro Yumru Meydana Getiren Bitki Oram

MYO, %)

Farkli 1siklandirma ve biiylitme ortamlarindan
elde edilen MYO degerleri, varyans analiz sonuglari
ve LSD gruplar1 Cizelge 1 ve 2’de verilmistir.

MYO yoniinden sadece hormon uygulamalar
agisindan ¢ok onemli farklilik bulunmus (p<0.01),
diger biitiin uygulama ve interaksiyonlar agisindan
meydana gelen farklilik dnemsiz (p>0.05) olarak
belirlenmistir (Sekil 2 ve Cizelge 2).
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Sekil 2. Mikroyumru meydana getiren bitki orani {izerine hormon uygulamalari ve fotoperiyot sartlarinin etkisi.

Slimmon et al (1989) yaptiklar1 ¢alismada, 8
saatlik fotoperiyodun ilk 4 haftalik diliminde yumru
olusum oraninin karanlik periyoda gore disik

oldugunu, ancak 8 haftalik ve 12 haftalik inkiibasyon
doneminde benzer sonuglar elde edildigini rapor
etmislerdir.

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



Farkl1 Fotoperiyot Sartlarinda in vitro Olarak Yetistirilen patates (Solanum tuberosum L.) lerde
BAP’1n NAA ve IBA ile Birlikte Mikro Yumru Olusturma Uzerine Etkileri

Cizelge 2: Patates ¢esitlerinden alinan gozlemler iizerine fotoperiyot, ¢esit ve hormon uygulamalarmin {i¢lii interaksiyon etkileri

Alman Goézlemler

FP Cesit Ortamlar MYGS MYO SS TMYS BBMYA TMYA MYC
(giin) (%) (adet (adet) ) mg

Kontrol 42.0 100 6.4d-h 2.0 5272 2592  6.2ab

BAP 57.4 70 4.8h-1 2.6 519.0 2274 6.8a

BAP+NAA 50.4 80  5.2fk 2.1 4512 2112 52af

Pasinler BAP+IBA 434 80  6.8d-h 2.9 4540 1484  5.0a-g

Kontrol 50.4 100 9.0be 3.0 3738 1310 6.2ab

BAP 68.6 70 2.81 1.8 163.8  91.6  3.6e-j

BAP+NAA 64.4 70 3.8j-1 1.5 183.0 1194  4.0ci

Granola BAP+IBA 67.2 80  S5.de-k 2.6 1500 550  3.6e-j

8 saat Isik Kontrol 50.4 90 7.4c-e 2.7 6440 2366  6.0a-c

BAP 54.6 100 5.4ek 3.0 4872 1812  S5.6a-e

BAP+NAA 672 60 3.4kl 1.4 2102 158.6  3.4fj

Caspar BAP+IBA 54.6 70 5.4ek 2.6 5062 1948  5.8a-d

Kontrol 434 90 7.2¢-f 2.8 4318 1576 42b-i

BAP 56.0 70  7.0c-g 4.6 466.6 1020  3.1g-j

BAP+NAA 57.4 60 5.6e-j 2.7 489.0 1678  4.6b-h

Pasinler BAP+IBA 322 100 9.8b 34 681.0  198.6  S.daf

Kontrol 40.6 90 13.0a 5.0 5048 1032 2.4i

BAP 50.4 80 4.0i-1 22 4442 2042  5.0a-g

BAP+NAA 742 50 4.0i-1 2.0 884  53.0 1.8

Granola BAP+IBA 51.8 60  6.4d-h 2.9 310.0 1088  3.8d-

Karanlik Kontrol 57.4 70 6.0d-i 2.5 3148 1250 2.4i

BAP 532 80  5.0gk 2.8 4388 1584  6.2ab

BAP+NAA 56.0 80 42§ 1.4 268.8 2204  2.6h-j

Caspar BAP+IBA 39.2 80  8.0b-d 3.0 7460  248.8  S.d4af

Fotoperiyot x Cesit x Ortam F degeri 2.10™ 1.82m 2.73% 1.57 1.48™ 2.05m 2.79*%

FP: Fotoperiyot, MYGS: Mikroyumru olusumu giin sayisi, MYO: Mikroyumru olusum orani, SS: Stolon Sayisi, TMYS: Toplam mikroyumru sayisi,

BBMYA: Toplam mikroyumru agirligi, TMYA: Tek mikroyumru agirligi,
YC: Yumru Cap1
**: %1 seviyesinde 6nemli, *: %5 seviyesinde 6nemli, ns: 6nemli degil.

Stolon Sayisi (SS, adet)

Fotoperiyot ve ortamlar arasindaki farklilik ile
¢esit x ortam interaksiyonu ¢ok oOnemli (p<0.01),

Cilt/ Volume: 4, Say1/ Issue: 1,2014

cesitler arasindaki fark ile fotoperiyot x ¢esit x ortam
interaksiyonu énemli (p<0.05), fotoperiyot x cesit ve
fotoperiyot x ortam interaksiyonu onemsiz (p>0.05)
olarak belirlenmistir (Cizelge 1 ve 2).
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Sekil 3. Stolon sayisi iizerine hormon uygulamalar ve fotoperyot sartlarinin etkisi

En yiiksek SS tamamen karanlik sartlarda kontrol
ortaminda Granola ¢esidinden elde edilmis (13.0 adet),
bunu karanlik sartlarda BAP+IBA ortaminda Pasinler
(9.8 adet), 8 saat 151k sartlarda kontrol ortaminda
Granola ¢esidi (9.0 adet) ve tamamen karanlik sartlarda
BAP+IBA ortaminda Caspar ¢esidi (8.0 adet) takip
etmigstir (Cizelge 2 ve Sekil 3). Yapilan gozlemlerde in
vitro sartlarda stolonlarin genelde iist bitki aksamlarinda
olustugu, bazi durumlarda ise saplardaki koltukalti
bogumlarindan meydana geldigi belirlenmistir.

Toplam Mikroyumru Sayis1 (TMYS)

Farkli 1s1klandirma ve biiylitme ortamlarindan elde

edilen bitki basina TMYS degerleri, varyans analiz
sonuglar1 ve LSD gruplari Cizelge 1 ve 2’de verilmistir.
Fotoperiyot ve ortamlar arasindaki farklilik ile gesit x
ortam interaksiyonu ¢ok 6nemli (p<0.01), fotoperiyot x
cesit interaksiyonu dnemli (p<0.05) bulunmustur. Ote
yandan, ¢esitler ile fotoperiyot x ortam ve fotoperiyot
X ¢esit x ortam interaksiyonu 6nemsiz (p>0.05) olarak
belirlenmistir. En yiiksek TMYS tamamen karanlik
sartlarda kontrol ortaminda Granola ¢esidinden elde
edilmis (5 adet), bunu yine tamamen karanlik sartlarda
Pasinler ¢esidi BAP (4.6 adet) ve BAP+IBA (3.4 adet)
ortamlari ile takip etmistir (Cizelge 2 ve Sekil 4).
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Sekil 4. Toplam mikroyumru sayisi lizerine hormon uygulamalari ve fotoperyot sartlarinin etkisi.

Hormonsuz %8 sukroz konsantrasyonunda, bitki
bagina en az 1 adet yumru elde edildigi ve bu sonucun
hormonlarlarla elde edilen sonuglarla c¢ok benzer
oldugu not edilmistir (Dobranszki and Mandi, 1993).

Belletti ve ark. (1994) 2 mg L' BAP, Rafique et al.
(2004) ise %6 sukroz+1uM BAP konsantrasyonundan
en yiiksek

TMYS elde edildigini vurgulamislardir. Lentini ve
Earla (1991) bitki basina ortalama 2-6 adet MY, Gopal
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etal. (1998) ise en fazla 2 adet MY elde edildigini rapor
etmislerdir.

Bitki Basina Mikro Yumru Agirhg (BBMYA, mg)

Cesit ve ortamlar arasindaki farklilik ¢ok 6nemli
bulunurken (p<0.01); fotoperiyot x ortam ve c¢esit
ortam interaksiyonlar1 6nemli bulunmustur (p<0.05).
Fotoperiyot farklari ile fotoperiyot x ¢esit ve fotoperiyot
X ¢esit x ortam interaksiyonlar1 ise Onemsiz olarak
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belirlenmistir (p>0.05). En yiiksek BBMYA karanlk
sartlarda BAP+IBA uygulamasinda Caspar ¢esidinden
(746 mg) elde edilmis; bunu yine karanlik sartlarda

BAP+IBA uygulamasinda Pasinler ¢esidi (681 mg) ve
8 saat 151k sartlarindaki kontrol uygulamasinda Caspar
cesidi (644 mg) takip etmistir (Cizelge 2 ve Sekil 5).
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Sekil 5. Bitki bagina mikroyumru agirligi iizerine hormon uygulamalar ve fotoperyot sartlarinin etkisi.

8 saatlik fotoperiyot uygulamasinin baglangig
asamalarinda yumru olugum hizi yavag olmasina ragmen,
ilerleyen asamalarda bu hizin artti§i ve MY sayisinda
ve agirhigmda 6nemli oranda artiglar meydana geldigi
goriilmiistiir (Slimmon et al., 1989). Gopal et al. (1998)
BBMYA’nin 207.49-644.84 mg, Lentini ve Earla (1991)
ise 640-2010 mg arasinda degistigini belirtmislerdir.
Desiree ¢esidinin %6 sukrozt+6 mg L' BA, Cardinal
cesidinin ise %8 sukroz+6 mg L' BA kombinasyonundan
en uygun TMYS ve BBMYA verdigi ve sukroz orani
artirllarak BA  konsantrasyonunun  dsiiriilebilecegi
(Aslam et al., (2011), elde edilen sonuglarin ¢eside 6zgii
oldugu (Sharma et al., 2011) rapor edilmistir.

Tek Mikroyumru Agirhg (TMYA)

Cesitler arasindaki fark ¢ok Onemli bulunurken

(p<0.01), fotoperiyot x ortam interaksiyonu Onemli
(p<0.05) bulunmustur. Fotoperiyotlar ve ortamlar
arasindaki farklilik ile fotoperiyot x ¢esit, ¢esit X ortam,
fotoperiyot x ¢esit x ortam interaksiyonu ise énemsiz
olarak belirlenmistir (p>0.05).

En yiikksek TMYA 8 saat 151k sartlarinda kontrol
uygulamasinda Pasinler ¢esidinden (259.2 mg) elde
edilmis; bunu karanlik sartlarda BAP+IBA (248.8 mg)
ve aydinlik sartlarda kontrol (236.6 mg) ortamlarinda
Caspar cesidi takip etmistir (Cizelge 2 ve Sekil 6).
Harvey et al. (1991) sadece sukroz bulunan ortamdan
ortalama 214 mg agirliginda

TMYA elde ederken, Lentini and Earla (1991) 130-
470 mg ve Gopal et al (1998) ise 114.69-363.76 mg
arasinda TMYA elde etmiglerdir.
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Sekil 6. Ortalama tek mikroyumru agirlig: lizerine hormon uygulamalar1 ve fotoperyot sartlarinin etkisi
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Mikroyumru Cap1 (MYC, mm)

Fotoperiyotlar, ¢esitler ve ortamlar arasindaki
fark ile fotoperiyot x ortam ve fotoperiyot x gesit x
ortam interaksiyonu ¢ok 6nemli bulunurken (p<0.01),
fotoperiyot x ¢esit ve ¢esit x ortam interaksiyonu
Oonemsiz olarak belirlenmistir (p>0.05). En yiiksek
MYC 8 saat 151k sartlarinda BAP ortaminda Pasinler
¢esidinden (6.8 mm) elde edilmis; bunu tamamen
karanlik sartlarda BAP ortaminda Caspar ¢esidi, 8 saat
151k sartlarinda kontrol ortaminda Pasinler ¢esidi, 8
saat 151k sartlarinda kontrol ortaminda Granola ¢esidi
6.2 mm MY c¢ap1 ile ve yine 8 saat 151k sartlarinda

kontrol ortaminda Caspar ¢esidi 6 mm MY c¢api ile
takip etmistir (Cizelge 2 ve Sekil 7). Slimmon ve ark.
(1989) karanlik sartlarda MYC’nin 0.48 ile 0.60 cm,
buna kargin kisa giin sartlarinda bu oranlarin 0.58 ile
0.75 cm arasinda degistigini belirlemislerdir. Forti et al
(1991) kisa giin sartlarinda tiretilen MY ’larin tamamen
karanlik sartlarda elde edilenlere gore; Levy et al (1993)
ise erkenci gesitlerden alinan MY ’larin gegci cesitlere
gore ¢aplarinin daha biiyiik oldugunu belirlemiglerdir.
Aryakia and Hamidoghli (2010) 1 mg L' BAP
konsantrasyonunun MY agirhigi ve biyikligini
artirmada en uygun konsantrasyon oldugunu rapor
etmislerdir.
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Sekil 7. Mikroyumru cap1 iizerine hormon uygulamalar1 ve fotoperyot sartlarinin etkisi

SONUC VE TARTISMA

Isik  sartlarinda  olusan  MY’larin  klorofil
pigmentasyonundan dolay1 genelde yesilimtrak renkten
koyu yesile, koyu kahverengiden mor rengine kadar
degistigi ve daha kalin kabuklu oldugu goriilmiistiir. Buna
karsin, karanlik sartlarda olugan MY larin 151k yoklugundan
dolay1 ¢ogunlukla (%90’mn fiizerinde) normal yumru
rengini yansittigl, yumru renginin beyaz ve agik saridan
koyu sar1 rengine kadar degistigi ve daha hassas yumrular
olustugu goriilmiigtiir. Karanlik sartlarda elde edilen
MY ’larmm rengi dogal patates yumru renkleriyle uyumlu
olmasma ragmen yumru biiyiikliik dagiliminda heterojen
bir yap1 goze carpmistir. Buna karsin, kisa giin sartlarmda
elde edilen MY ’larin daha homojen bir dagilim gosterdigi,
cesitlerin tarla ve sera sartlarinda elde edilen karakteristik
yumru sekline daha yakin yumru sekli meydana getirdigi
gozlenmistir. Daha 6nce yapilan ¢aligmalarin birgogunda
MY ’larin bitkiciklerin alt, orta ve ug kisimlarinda olustugu
ve ¢ok nadir olarakta bazi bitkiciklerin agar icerisinde
meydana geldigi rapor edilmistir (Nasiruddin and Blake
1994). Isik sartlarmda elde edilen MY larin ya direkt ya
da kismen agar ortami igerisinde gelistigi, buna karsin
karanlik sartlarda ise daha {ist bitki aksamlarinda MY
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olusumu goriildiigii belirlenmistir. Besi ortami iginde
veya besi ortamiyla temas halinde olan MY ’larin oldukga
yiiksek taze agirlik vermesinin sebebi, besi ortamiyla
direkt temas halinde olan MY ’larmn lentiselleri vasitastyla
ortamdan besin alabilmesinin miimkiin olmasindandir.
Besi ortammda meydana gelen MY’larda st bitkicik
aksamlarinda elde edilenlere gore, olduk¢a Onemli bir
oranda lentisel gelisimi oldugu goriilmistiir. Ancak,
lentisellerdeki bu 6nemli artisin, hasattan sonra MY ’lari
hemen kurumaya ve sivi kaybina karsi daha hassas kildigi
da rapor edilmistir (Slimmon et al., 1989).

Tamamen karanlik sartlarda MY olusumunun daha
erken basladigi, toplam MY sayisinin ve agirliginin
daha fazla oldugu, buna karsin 8 saatlik fotoperiyot
(kisa giin) sartlarinda ise MY olusum oraninin, ortalama
tek MY agirliginin ve MY capinin daha fazla oldugu
gorlilmektedir (Cizelge 1). Elde edilen bu sonuglar,
tamamen karanlik sartlarin MY olusumu igin daha
uygun oldugunu belirten Hoque (2010)’un ¢alismasiyla
benzerlik arzederken, Seabrook et al (1993), Hossain,
(2005), Pruski et al (2001) ile Yasmin et al (2011)’nin
calismalarindan ise farklilik gostermektedir. Kisa giin (8
saat fotoperiyot) sartlarinda tek MY biiyiikliigiiniin ve
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MY capinin daha fazla oldugu ve daha uniform MY ’lar
meydana geldigi goézlenmistir. Kisa giin sartlarinda
elde edilen toplam MY agirligmmin tamamen karanlik
sartlara gore istatistiki anlamda farkli olmamasina
ragmen, daha sonraki sera ve tarla uygulamalarinda
buradan elde edilen daha biiyiik ¢aptaki MY larin
bir avantaj saglayacagi sonucu c¢ikarilabilir. Bu
sonuglardan; tek bogum kesimlerinin ilk 4 haftalik siire
boyunca uzun giin sartlarinda (16 saat aydinlik, 8 saat
karanlik) tutularak iyi bir bitki gelisiminin saglanmasi
ve daha sonra kisa giin sartlarina (16 saat karanlik, 8
saat aydinlik) alinarak yeterli MY olusumunun tesvik
edilmesi en uygun uygulama gibi goriilmektedir. Daha
sonra yapilacak c¢aligmalarda kisa gilin sartlarindaki
151k siddetinin diizenlenmesi ile daha verimli sonuglar
almabilecegi ve bu konuda g¢aligmalar yapilmasinin
uygun olacagi diistiniilmektedir.

Cesitlerin in vitro sartlarda MY meydana getirme
ozellikleri yoniinden toplam MY sayisi ydniinden
istatistiki anlamda O©nemli farkliliklarin olmadig,
buna karsin toplam ve tek MY agirliklar ile MY cap1
yoniinden farkliliklar oldugu belirlenmistir. Mahdi et al
(2004) ¢esitlerin fotoperiyot tepkilerinin ¢eside 6zgii
oldugunu; baz1 cesitlerin 151k sartlarinda, bazilarinin
ise karanlik sartlarda MY meydana getirdigini
vurgulamiglardir. Bu sonug in vitro sartlarda TMYS ve
TMYA’'nin ¢esitlere 6zgli oldugunu rapor eden Aslam
ve ark. (2011, Sharma et al. (2011) ile Srivastava et
al (2012)’nin ¢aligmalarindan farklilik arzetmektedir.
Pasinler ¢esidi Caspar ve Granola g¢esitlerine gore
daha yiiksek TMYS ve TMYA vermesine ragmen
(Cizelge 2), Caspar ve Granola’dan elde edilen in
vitro yumrularin gercek yumru Ozelliklerini daha
dogru yansittigi gozlenmistir. Buna karsin, Pasinler
¢esidinden elde edilen MY’larin diizensiz sekilli
olmas1 bu c¢eside olan ilgiyi azaltmis, ancak yeni
hormon kombinasyonlarinin kullanilmasiyla bu gesidin
Ozelliklerinin gelistirilmesi ve pratige aktarilmasinin
uygun olacagi disiiniilmektedir. Dogu Anadolu
Patates Islah Calismalari’ndan elde edilen yeni hat ve
klonlar ile yeni ticari gesitlerin MY meydana getirme
ozelliklerinin test edilmesi ve tohumluk programlarina
olumlu tepkiler veren bu ¢esitlerin alinmasiyla, patates
tohumluk endiistrisine yeni agilimlarin kazandirilmasi
miimkiin olabilecektir.

Elde edilen sonuglardan da goriilebilecegi gibi
sadece %8 sukroz iceren kontrol ortaminin hormon
uygulamalarina goére daha yliksek MY ozellikleri
verdigi belirlenmistir. Kontrolden sonraki en iyi
uygulamanin  BAP+IBA  kombinasyonu oldugu,
bunu tek basma BAP uygulamasmin takip ettigi ve
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BAP+NAA uygulamasinin ise en diisiik MY 6zellikleri
verdigi goriilmektedir (Cizelge 1). Buna gore; optimum
bir MY sayis1 ve verimi i¢in besi ortamina yalnizca
oksin veya sitokin ilavesinin tek bagina etkili olamadig,
oksin ve sitokininlerin dengeli bir sekilde ayn1 anda
kullanilmasinin gerektigi, ya da yumru olusumunun

farkli  safhalarinda  degisik  fitohormonlarinin
kullanilmasiyla bitki biiylime diizenleyicilerinin
yumru  karakteristiklerini ~ kontrol  etmelerinin

saglanmasi gerektigi sonucu ¢ikarilabilir. Bu durumda
fitohormonlar baslangicta bitkilerin iyl gelisimi
saglayacak ve daha sonraki asamalarda ise yumru
veriminde etkili olabilecektir. Ornegin; bir sitokininin
genelde yumru olusum baglangicini etkiledigi ve bu
nedenle yumru sayisii biiyiik oranda artirdigi, buna
karsilik oksinlerin temelde yumru bilyiimesini artirdigi
ve daha biliylik yumrularin olusumuna sebebiyet
verdigi goz Online alimdiginda, bu iki kimyasalin besi
ortaminda dengeli bir sekilde kullanilmasi halinde
uniform ve kaliteli MY ’larin alinacagi agikardir. Oksin
ve sitokin miktarini optimize etmek ve bunlar1 farkl
sukroz konsantrasyonlar1 ile dengelemek i¢in yeni
caligmalarin yapilmasina ihtiya¢ bulunmaktadir. Elde
edilen bu sonuglarin bogum kesimlerinden alindig
dikkate alindiginda, daha sonraki ¢alismalarda farkli
bitki aksamlarinin (stolon, sap parcasi ya da MY) yeni
besi ortamlarinda denenmesi ve tepkilerinin kontrol
edilmesi yararl olacaktir.

Uygunbesiortamivefotoperiyodunbelirlenmesinde
sadece MY sayis1 ve MY agirhiginin dikkate alinmasi
yeterli olmamakta, elde edilen MY’ ’nun hastaliktan
ari olmasi, goz sayist ve dormansi durumu ile hasat
indeksinin de gdzoniine alinmasi gerekmektedir. Hasat
indeksi elde edilen taze MY yumru agirligimnin toplam
biomasa oranini gostermekte ve bu oranin yiiksek
olmas1 arzu edilmektedir. Son yillarda kullanim
gittikce yayginlasan ve yeni gelistirilen bioreaktdr gibi
birgok kiitlesel MY {iiretim metodolojisi, ticari liretim
i¢in alternatif metotlardan olup, belirtilen biitiin yumru
karakteristiklerinin  optimize edilmesini miimkiin
kilmaktadir (Piao et al., 2003; Kamarainen-Karppinen
et al., 2010; Sarekanno et al., 2012). Bu metotlar bitki
basina yumru sayisini artirdigi gibi, MY ’larin biiyiikliik
ve agirliklarii da artirmakta ve bu nedenle herhangi
bir 6n muameleye tabi tutulmadan depolanabilmesine
ve dogrudan tarlaya dikilmesine izin verebilmektedir.
Hastaliksiz patates tohumlugu tiretimi i¢in geligmekte
olan bu teknolojilerin iilkemiz patates tohumluk
iretim programlarinda mutlaka istihdam edilmesi
gerekmektedir. Bu sayede, hali hazirda mevcut
problemlerin ¢ogunun kisa siirede c¢oziilebilecegi
goriilecektir.
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