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PV/T SISTEMINDE CAM KAPAK OZELLIKLERININ
ELEKTRIKSEL VE TERMAL VERIME ETKILERININ
ARASTIRILMASI

Emre Akiskalioglu!, Mustafa Atmaca*?
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0Oz

Giinlimiizde enerji ihtiyacimiz giderek artmaktadir ve enerji iiretimi i¢in birgok sistem gelistirilmistir. Cevreyi
korumak adma temiz ve yenilenebilir enerji giderek dnem kazanmigtir. Bu sistemlerden en ¢ok kullanilani giines
enerjisinden elektrik enerjisi tiretmemizi saglayan fotovoltaik (PV) sistemleridir. PV sistemleri zamanla geliserek,
elektrik liretiminin yaninda sistemde olusan termal enerjiyi bir ya da daha fazla akiskana aktararak ayni sistemden
hem elektrik hem de termal kazanim elde etmeye yarayan, PV/T sistemleri gelistirilmistir.

Bu calismada hava ve su bazli bir PV/T sisteminde giines 1s18m1 karsilayan ilk pargasi olan cam kapak
ozelliklerinin elektrik iiretimini nasil etkiledigi arastirilmistir. Deney diizenegi Konya sehrinde kurulmus ve benzer
acik hava kosullarinda kargilagtirmalar yapilmistir.

Anahtar Kelimeler: PV/T sistemleri, cam kapak 6zellikleri, elektrik tiretimi, yenilenebilir enerji

A RESEARCH ON THE EFFECTS OF GLASS COVER PROPERTIES
ON ELECTRICAL AND THERMAL EFFICIENCY IN PV/T SYSTEM

Extended Abstract

Our energy needs are increasing day by day and many systems have been developed for energy production. Clean
and renewable energy has become increasingly important to protect the environment. The most used of these
systems are photovoltaic (PV) systems that enable us to generate electrical energy from solar energy. PV systems
have been developed over time, and besides electricity production, PV/T systems have been developed to transfer
both the thermal energy generated in the system to one or more fluids and to obtain both electricity and thermal
gain from the same system. In Turkey, we have a great potential of solar power. And our aim is using this clean
energy and made it more efficient.

In this study, it has been researched how the glass cover properties, which are the first part of the PV/T system
that meet the sunlight, affect electricity production and thermal gain. The experimental setup was established in
Konya city in Turkey and comparisons were made under similar open air conditions. There were three types of
glasses been examined. First glass has four mm of thickness and it is not coated. Second experiment glass was
called low-e glass, it was also has four mm thickness and it has a low-e coating. Third glass was a air hollowed
double glass which mean is two glasses combined with a twelve mm air hollow. These two glasses both have four
mm thickness. We were expecting decrease in electrical gain but increase on thermal gain. The glasses were
mounted and demounted on this order and several experiments were been made. For the study’s results section,
three days with the most similar weather conditions -in terms of wind, outdoor weather temperature- were selected
and comparisions on electricity production and thermal gains made for each days. This system can be used in
hotels, dormitories and such.

Keywords: PV/T systems, glass cover properties, electricity production, renewable energy
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1. Girig

Tirkiye, jeopolitik konumu ve giineslenme siiresi bakimindan giines enerjisinden elektrik iiretimine oldukga
elverisli bir tilkedir. Gilines Enerjisi Potansiyel Atlasi (GEPA) en giincel verileri incelendiginde, Tiirkiye ve
ozellikle deneyin yapildigi Konya ili, toplam giines 1siniminin ve giineslenme siiresinin yiiksek olmasi nedeni ile
PV/T sisteminde verilerin toplanmasi ve Karsilagtirilmasi igin en uygun illerden biridir (URL-1 2019).
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Sekil 2. Konya ili Giines Enerjisi Potansiyel Atlasi (GEPA) (URL-1 2019).

Literatiir aragtirmasinda, fotovoltaik paneller ve PV/T sistemler iizerinden ¢ok fazla ¢alisma bulunmaktadir. Bu
alandaki genel ilerleme Xondag (2008), Hasan ve Sumathy (2010), Chaar vd. (2011) ve Tiyagi vd. (2012)
tarafindan gergeklestirilmistir. Giirtiirk vd. (2011) tarafindan yapilan ¢alismada , fotovoltaik modiillerde kullanilan
camlarda sicaklik degisimlerinin etkileri arastirilmigtir. Hutchins vd. (2000) tarafindan yapilan bir arastirmada,
low-e ve giines kontrol camlarmm agidan bagimsiz optik Ozelliklerini simiilasyonlar ve Olgtimler ile
gozlemlenmistir. Kabul ve Duran (2014), giines enerjisinden elektrik iiretimi sirasinda panel sicakliginin artmasi
sonucu azalan verimi, paneli su ile sogutarak artirmay1 hedeflemislerdir. Bu hedef ile, fotovoltaik panelin arka
yiizeyine borular yerlestirip, yerlestirilen borular igerisinden su gegirerek paneli sogutmuslardir. Paneldeki 1siy1
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alarak sicaklig1 artan suyu ise, bir su deposu icerisinde dolagtirmislardir ve depodaki suya aktarmiglardir. Boylece
hem sistemin verimini artirmislar hem de sicak su temin etmeyi basarmislardir. Deneyleri sonucunda ise elektrik
iretiminde yaklasik %35°lik gii¢ ve %7’lik verim artis1 elde etmislerdir.

Bu calismada ise, 3 adet farkli cam tiirii se¢ilip bu camlarm PV/T sisteminde elektrik tiretimi karsilastiriimisgtir.
Secilen camlardan birincisi, renksiz 4 mm diiz camdir. ikinci cam, renksiz low-e kaplamalidir ve 4 mm
kalinligindadir. Son cam ise 4+12+4 mm kalinliginda kesilmis, siradan ¢ift camdir. Bu camlarin giin 15181 ve gilines
enerjisi gecirgenlik degerleri asagidaki tabloda karsilagtirilmistir. Sistemde bu ii¢ camin segilmesinin nedeni,
elektrik aslinda termal verimi artirmak amag¢lanmistir. Elektriksel verimin azalacagi tahmin edilmektedir ancak ne
kadar bir azalma gergeklesecegi arastiralacaktir.

Tablo 1. Cam degerleri karsilagtirilmas: (URL- 2019).

Cam Kalmligt U Degeri Giin Is1g1 Glines Enerjisi
(mm) (W/m2K)* Gegirgenligi (%)* Gegirgenligi (%)*
Renksiz Diizcam 4 5,7 89 82
Low-e Kaplamali 4 NPD** 88 60
Cift Cam 4+12+4 2,9 80 68

* U Degeri (Is1 Gegirgenlik Katsayisi): Camlarda 1s1 yalittimmnin 6l¢iitiidiir. Daha diisiik U degeri, daha iyi bir 1s1
yalitimi, daha az 1sinma masrafi ve daha ¢ok kis rahatlig1 demektir.

Is1 gegirgenlik katsayisi olan U degeri EN 673 standardma uygun olarak WIS 3.01 programiyla hesaplanmistir. U
degeri hesabinda kullanilan emissivite degerleri, laboratuvar ortamimda EN 673 ve EN 12898 standartlarina uygun
olarak Olciilmistiir. Bir malzemenin enerji yayma kabiliyetine yayim kabiliyeti (emisivity) denir. Koyu
malzemelerde bu deger yiiksektir. Bu degeri diislirmek cam yalitim 6zelligini artirmak anlamima gelmektedir.
Giin Is181 Gegirgenlik: Cama gelen 15181 camdan gegen yiizdesidir.

Giines Enerjisi Toplam Gegirgenlik: Cam {izerine gelen toplam giines enerjisinin igeriye giren yiizdesidir. Daha
diistik giines enerjisi toplam gecirgenlik degeri, daha iyi giines kontrolii demektir. “Giin Is181” ve “Gilines Enerjisi”
degerleri, EN 410 standardinda uygun olarak laboratuvar ortaminda 6l¢iilmiis spektral veriler kullanilarak, “TNO
Science and Industry” - WIS 3.01 paket programinda hesaplanmistir.

**NPD: Performans belirlenmemistir anlamina gelmektedir.

2. Materyal ve Yontem
Deney diizenegi sekil 3’te gosterilmis olup, sistemi igeren parcalar asagida incelenmistir:

1 ) Cam Kapak: 4 mm diiz cam, 4 mm low-e kaplamali cam ve 4+12+4 mm ¢ift cam

2) PV Panel: TPSM6U Monokristal 200 W, Vc:45.4 V, 15¢:5.77 A.

3) Absorber Plaka: Kalinlik 0.400 mm, malzeme: Aliminyum, (200W/mK), siyaha boyanmus.
4) Arka Plaka: Celik, 2 mm kalinliginda

5) Hava fani: Elektronik haberlesme sistemi ile birlikte.

6) Su Serpantini: Kolektor dis ¢cap: 32 mm, boru dis ¢ap: 10 mm, malzeme: bakir (394 W/mK).
7)Tiirbiilator: bal petegi, kalinlik 1.5 mm, uzunluk 1580 mm, malzeme: aliiminyum (200W/mK).
8) Pompa

9) Boyler: Is1 degisimi i¢in, 100L kapasiteli.

10) Yaliim: 50 mm mineral, 1s1 iletkenligi A: 0.035 W/mK (Atmaca ve Pektemir, 2018)
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Sekil 3. Sistemin Genel Goriintimii (Atmaca ve Pektemir, 2020).

Verilerin alinmasi i¢in sistemde Pt-100 sicaklik sensorii, hava hizinin 6lgiilebilmesi i¢in hava hiz sensorii, giines
1isinimin Olgiilebilmesi i¢in dig ortama elle montajin1 yaptigimiz piranometre, dis ortam hava kosullarmin
karsilastirilabilmesi i¢in nem ve sicaklik sensorleri, riizgar hizint dlgebilmek igin anemometre, akim ve gerilim
degerlerini 6lgebilmek igin ise akim ve gerilim sensorleri kullanilmistir. Alinan veriler iztekno firmasi tarafindan
Ozel olarak hazirlanmig bir yazilim ile bilgisayara aktarilmistir ve incelenmistir (Atmaca ve Pektemir, 2020).

# Anasayfa == Cihaz & Parametre Ayarlan A Alarm Ayararn Ji Gazlem & Raporlama Merkazi i Oto Bilgilendirma Sistemi K Sayfa Ayarlan £} Program Ayarlan

Gozlem Sayfasi

MODUL-1 GOVDE SICAKLIGI
MODUL-2 GOVDE SICAKLIGI
SICAKLIK-3
SICAKLIK-4
MODUL-3 GOVDE SICAKLIGI
SICAKLIK-6

SICAKLIK-7

HAVA GIRIS SICAKLIGI

Gonderim Statiisi

SICAKLIK-9
SICAKLIK-10
SICAKLIK-11

SICAKLIK-12

TUM DATALAR PT100 SICAKLIKLAR ISIK SIDDETI HAVAHIZI |GUC DEGERLERI SICAKLIK&NEM

Sekil 4. Verilerin Aktarildigi Programin Ara Yiizi.
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Deney diizeneginin elektriksel devresinde 1000 W tam siniis inverter, 12/24 V 20 A sarj kontrol cihazi, 6 adet 12
V, 102 Ah akii bulunmaktadir. Sistemde iiretilen elektrik, bagl cihaz ve panolarda kullanilabilir hale getirilmistir.
Sistem sebekeye bagli olmadigi i¢in enerjinin yetersiz kaldig1 zamanlarda da akiilerden enerji ihtiyaci giderilmistir.

3. Bulgular ve Tartisma

Deneyler benzer hava kosullarinda; dis ortam sicaklik degerleri birbirine yakin, riizgarli giinlerde, agik hava
kosullarinda yapilmistir. Bu ¢alisma i¢in her cam tiirii i¢i en uygun bir giin secilmis ve kargilastirmalar ona gore
yapilmustir. Verilere 1sinim ve hava hiz degeri de eklenerek sistemin termal verimleri asagidaki ii¢ denkleme gore

hesaplanip karsilastirmaya eklenmistir:
Q=1lt. A (Denklem 1)

Q = Giinesten kazanilan enerji
|, = Tabloya gére hesaplanan ortalama 1simim degeri A, = PV panelinin yiizey alani: 1,2766 m?

Pth—a = Mg - C:p(hava) : (To - Ti) (Denklem 2)
Pin.a = Sistemin hava devresi giicii

rhalir = Vair- Ah

A, = Hava kanalmin kesit alan1 = 0.6 . 0.35=0.21 m?

1 (%) = (Denklem 2/Denklem 1) . 100 (Denklem 3)
n = Sistem Verimi

3.1 Diiz Cam (4 mm) ile Yapilan Deney — 17.09.2019

Dis Ortam Sicakhk Degeri: 17 eyliil tarihinde tiim giin dl¢iim yapilmistir ve saate gore degisimi Sekil 5’te
gosterilmistir. Minimum sicaklik saat 07.35’te 13°C, maksimum sicaklik degeri saat 17.08’de 27°C olarak
Ol¢tilmistiir.

SICAKLIK (°C)

30

25 N
20
15
10
5

SAAT
0

7> 7> > S >
) Q% P 8% Q%
<0 <0 0 <0 <
o o o 2o o
2 0. Q. s s
RS s Ot s o
== SICAKLIK-NEM-DIS ORTAM SICAKLIK

Sekil 5. 17.09.2019 Tarihinde D1s Ortam Sicaklik-Saat Degisimi.

Istmim Degeri: Piranometreden okunan degerler Sekil 6’ya gore ortalama 1086 W/m? olarak hesaplanmistir.
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ISINIM DEGERI (W/m?K)
1,400
1,200
1,000
800
600
400
200
0 SAAT

— PRO1-4-GUN ISIGI

Sekil 6. 17.09.2019 Isinim-Saat Olgiim Degerleri (W/m?).

Hava Hiz Degeri: Sistem fani saat 13.00’da agilmigtir. Sekil 7°deki dalgalanmalardan anlasilacagi {izere Konya’da
riizgarli bir glin yasanmistir. D1g ortam riizgar hiz1 degeri 15 dakikalik araliklarla 6l¢tilmiistiir. Sistemdeki ortalama
hava hiz1 agagida gosterilmis olup, Excel programi kullanilarak 0,86 m/s olarak hesaplanmustir.

HAVA HIZ DEGERI (m/s)

1.8
1.6
1.4
1.2

1
0.8
0.6
0.4
0.2 SAAT

0 J)O J)O J)O ])0 Z)O

9‘)0 2 &90{9 Qf’o 2 Q‘)o 2 9‘)0 %
< &} X JVO& N \?\7\5\ Jged) <> ’
— PRO1-4-HAVA HIZ DEGERI

Sekil 7. 17.09.2019 Tarihinde Sistemde Dolasan Hava Hizinin Degisimi (m/s).

Panel Akim Degeri: Panel akimi 6l¢iimiiniin saate gére degisimi Sekil 8’de verilmistir. Okunan minimum amper
degeri saat 17.49’da 0,12, maksimum amper degeri ise saat 12.07°de 4,2 amper olarak hesaplanmistir. Sonug
boliimiinde karsilagtirmalar yapilacaktir.
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AKIM DEGERI (AMPER)
4.5
4
35
3
2.5
2
1.5
1
0.5
0
05 SAAT
> > <> > >
% % % % %
0 0 0 0 0
%o o ‘o %o Yo
Os 77 < & s 7>
S5 s I s Qo
— AKIMM OLCER-3.Panel AKIM DEGERI

Sekil 8. Akim-saat degerleri (Amper).

Hava Giris — Cikis Sicaklik Degerleri: 17 eyliil giiniinde hava giris-¢ikis sicakliklar1 Sekil 9’da gdsterilmistir.
Sicaklik farki 4,7°C olarak hesaplanmustir.

SICAKLIK (°C)
70
60 “M
50 e ————
B . N el
30
20
10
b SAAT
> <> <> <>
o Qo % %o
<0 <0 <0 <0
%o %o %o C
Yz, s o 15
L% s % o
= PRO1-4-HAVA CIKIS SICAKLIGI == PRO1-4-SICAKLIK-14

Sekil 9. Hava Giris ve Cikis Sicaklik Degerleri (°C).

17.09.2019 giiniinde sistemin hava devresi verimi agagida hesaplanmistir:
Denklem 1’e gore: Q=1086.1,27=1379,22 W

Denklem 2’ye gore: Pin,=0.21.0,86.0,24.4,18.1000.4,7=851,53 W
Denklem 3’e gore: n= %61,7 olarak hesaplanmistir.

3.2 Low-e Kaplamali Cam (4 mm) ile Yapilan Deney — 13.10.2019

Dis Ortam Sicaklik Degeri: Dis ortam sicakligr 09.00°da 16,4°C ve 11.48°de ise 25,8°C olarak 6l¢iilmiis olup,
Sekil 10°da gosterilmistir. Ortalama 19,7°C olarak hesaplanmustir.
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Sekil 10. 13.10.2019 Tarihinde Dis Ortam Sicaklik-Saat Degisimi.

Istmm Degeri: Piranometreden okunan degerler Sekil 11°de gosterilmistir. Ortalama 1117 W/m? olarak
hesaplanmistir.

ISINII |SINIM DEGERIi (W/m?)
1,400
1,200
1,000

800

600

400

200

Sekil 11. 13.10.2019 Tarihinde Isinim-Saat Olgiim Degerleri (W/m?).

Hava Hiz Degeri: Dis ortam riizgar1 sistemde dolasan hava hizini da artirmistir. Dig ortam riizgar hiz1 15 dakikalik
periyotlar ile dl¢iilmiistiir. Bunun etkisi ile birlikte sistemde dolasan hava hiz1 1,13 m/s olarak hesaplanmstir.
Sekil 12°de degerlerin degisimi gosterilmektedir.
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Sekil 12. 13.10.2019 Tarihinde Sistemde Dolagan Hava Hizinin Degisimi (m/s).

Panel Akim Degeri: Sistem saat 09.00’da 2,18 amper elektrik iiretimine baslamistir. Bu deger saat 12.03’te 3,74
amper degerine ulagsmistir. Panelde tiretilen amper degerlerinin degisimi Sekil 13’de gosterilmistir.

AKIM DEGERI (AMPER)
4

3.5

SAAT

Sekil 13. Akim-Saat Degerleri (Amper).

Hava Giris-Cikis Sicaklik Degerleri: Fan saat 10.00’da galistirtlmistir. Fan agildiktan sonra olusan hava giris ve
cikistaki sicaklik farki 4,7°C olarak hesaplanmis olup Sekil 14°te gosterilmistir.
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Sekil 14. Hava Giris ve Cikis Sicaklik Degerleri (°C).

13 ekim tarihinde sistemin verimi agagida hesaplanmistir:

Denklem 1°e gore: Q=1117*1,27=1418,6 W

Denklem 2’ye gore: Pn..=0.21*1,13*0,24*4,18*1000*4,7=932,4 W
Denklem 3’e gore: n = %65,72

3.3.2 Veriler (07.03.2020)

Dis Ortam Sicakhik Degeri: Dis ortam sicakligi ortalama 17,2°C olarak ol¢iilmiis ve sicaklik degerlerinin

degisimi Sekil 15’te verilmistir.
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Sekil 15. Dig Ortam Sicaklik Degeri (°C).

Istmim degeri: Ortalama 15mm degeri 1257 W/m? olarak hesaplanmistir. Degerlerin degisimi Sekil 16’da
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Sekil 16. Ismim Degeri (W/m?).

Hava Hiz Degeri: Sistem fan1 15 watt giiciinde calistirilmistir. Sistemde dolasan ortalama hava hiz1 0,54 m/s
olarak hesaplanmis olup, degerlerin degisimi Sekil 17°de verilmistir.
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Sekil 17. Hava Hiz Degeri (m/s).

Panel Akim Degeri: Panelde olusan maksimum akim degeri 12.57°de 3,9 amper olarak 6l¢iilmiistiir. Panel akim
degerlerinin stireye bagli degisimi Sekil 18’de gdsterilmistir.
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Sekil 18. Panel Akim Degeri (Amper)

Hava Giris-Cikis Sicaklik Degerleri: Hava giris-cikis sicaklik farki 7,6°C olarak hesaplanmis olup, Sekil 19°da
gosterilmisgtir.

SICAKLIK (°C)
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Sekil 19. Hava Giris ve Cikis Sicaklik Degerleri (°C).
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Denklem 1’e gore: Q = 1257*1,27 =1596,39 W
Denklem 2’ye gore: P = 0,54*0,21*0,24*4,18*1000*7,6 = 864,6
Denklem 3’e gore: 1 = %54,16 olarak hesaplanmuistir.

4. Sonug ve Oneriler

Sistemin elektriksel verimi karsilastirildiginda, ii¢ cam ile yapilan 6lglimlerde ayn1 1simnim degerlerindeki akim
degerleri baz alinip karsilastirma yapilmistir. Bu degerler 700, 800, 900,1000,1100 ve 1200 W/m? olarak
secilmistir. Tablolardan yararlanarak, ortalama dis ortam kosullar1 da dikkate alindiginda, 4 mm diiz cam igin
17.09.2019 tarihi secilmistir. Bu tarihte dig ortam sicakligi 23,4°C’dir, tiim giin dl¢iim yapilmistir ve Konya’da
bulutsuz ve riizgarh bir giin yasanmistir. 4 mm low-e cam igin 13.10.2019 tarihi se¢ilmis olup, bu tarihte ortalama
dis ortam sicaklig 19.7°C’dir. Bulutsuz ve riizgarl bir giin yasanmistir. 4+12+4 mm ¢ift cam iginse 07.03.2020
tarihi se¢ilmistir. Bu tarihte ortalama dis ortam sicaklik degeri 17,2°C’dir. Bulutsuz ve riizgarl bir giin yaganmustir.
Tablo 2’de akim tiretimi karsilagtirmasi yapilmstir. Buna gore, 4 mm diiz cam ile karsilagtirildiginda low-e camda
akim tretiminde %13,84 azalma ve ¢ift camda %16,43 azalma goriilmustiir.

Tablo 2. Akim Uretimi % Degisimi.

17.09.2019 13.10.2019 07.03.2020 % Degisim (Low-€) % Degisim
(Cift Cam)
700 2,31 A Veri yok 1,87 A Veri yok -19,05
W/m?
800 2,69 A 2,35 A 2,26 A -12,63 -15,98
W/m2
900 3,11 A 2,67 A 2,62 A -14,14 -15,75
Wim?
1000 362A 2,94 A 3,06 A -16,47 -13,35
Wim?
1100 3,79A 3,25A 3,37 A -14,24 -11,08
Wim?
1200 4,16 A 3,50 A 3,7A -13,70 -11,05
Wim?
Ort. 2,61 A 321A 2,86 A 14,23 Azalma 14,38 Azalma
Akim

Beklenildigi gibi cam tiirii degisimi, sistemdeki elektrik iiretimini azaltmistir. Her cam i¢in segilen giinlerin disinda
birden fazla deney yapilmistir. Bu deneylerin sonucu olarak, termal ve elektriksel iiretimin karsilagtirildig: veriler
tablo 3’te gosterilmistir.

Tablo 3. Ortalama Sistem Verimi Degigimi.

Ortalama Akim Termal Kazanim (%) Total (%)
Degisimi (%)
4 mm diiz cam Referans Referans Referans
4 mm low-e cam 14,23 Azalma 20,35 Artis 6,12 Kazanim
4+12+4 mm cift cam 14,38 Azalma 18,6 Artis 4,22 Kazanim

Deneyler sonucunda, hava ve su sogutmali PV/T sisteminde, sistemin giines 151811 Karsilayan ilk kismi olan cam
kapak &zellikleri incelenmistir. Incelenen camlar arasinda low-e cam kullanilarak termal verim %20,35
artirtlmigtir. Elektrik tiretimi %14,23 azalmasina ragmen termal verimin artis1 toplam verimi %6,12 artirarak
kullanilmasi uygun gorilmiistir ve 6nerilmektedir.
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KIRMIZI ALICTA (CRATAEGUS MONOGYNA) MEYVE
VERIMI iLE BAZI BUYUME OZELLIKLERI ETKILESIMI
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0Oz

Onemli bitki tiirlerimizden olan Kirmizi aligin (Crataegus monogyna Jacq.) biiyiime &zellikleri (boy, tepe ¢api,
dal sayisi) ile meyve verimi (meyve sayisi, meyve agirligi) lizerinde bir yillik veriler 1s18inda gergeklestirilen bu
calismada, 6zellikler arasindaki etkilesim ile varyasyon arastirilarak tiiriin potansiyel bakim ve kiiltiire alinma
caligmalarina katki saglanmasi amaglanmistir. Caligma sonucunda bireyler arasinda genis farkliliklar bulunmakla
birlikte ortalama boy, tepe capt ve dal sayist degerleri sirasiyla 233.5 cm, 178.5 cm ve 2.7 adet bulunmus ve
varyans analizi sonuglarina gore, biiyiime ve meyve ozellikleri bakimindan baki gruplar1 arasinda istatistiksel
bakimdan anlamli (p>0.05) fark olmadig1 ortaya ¢ikmistir. Birey basina ortalama meyve sayist 374.6 adet
bulunurken bireylerde bu degerin 2-1600 adet arasinda degisim gosterdigi belirlenmistir. Olgunlasmis meyve
agirlig1 0.285 g/meyve olarak belirlenirken, bireylerin ortalama 99.1 g olan meyve agirligi 0.57 g- 456 g arasinda
degisim gdstermistir. Meyve sayisi ve meyve agirliginin bakilara gore karsilastirilmasi sonucunda, baki gruplari
arasinda istatistiksel bakimdan anlamli (p>0.05) fark olmadig: ortaya ¢ikmistir. Korelasyon analizi sonucuna gore,
biiyiime 6zellikleri ile meyve sayisi ve agirligi arasinda istatistiksel bakimdan anlamli (p<0.05) pozitif iliskiler
belirlenmistir.

Anahtar Kelimeler: Alig, boy, Crataegus, meyve, tepe ¢api

INTERACTION OF BETWEEN FRUIT PRODUCTION AND GROWTH
CHARACTERISTICS IN HAWTHORN (CRATAEGUS MONOGYNA)

Extended Abstract

Growth characteristics (height, crown diameter, number of branches) and fruit production (number and weight of
fruits), and their interactions were investigated to contribute potential tending and cultural practices based on one
year data carried out on Hawthorn (Crataegus monogyna Jacg.) which is an important plant species because of its
edible and commercial fruits used in different industries in this study. Averages of height, crown diameter, and
number of branches were 233.5 ¢cm, 178.5 cm and 2.7, respectively, while large differences among individuals for
the characteristics. For instance, individual height ranged from 86 cm to 430 cm. Number of fruits varied between
2 and 1600, was 374.6 individually. Average of fruit weight was 0.285 g, while it was 99.1 g individually ranged
from 0.57 g to 456 g. The results emphasized importance of selection in the species to produce higher fruit yields.
It was shown that sunny aspect had generally higher variation than that of others for the characteristics. Beside,
results of analysis of variance showed no significant difference (p>0.05) among aspects for the growth
characteristics. There was no significant difference (p>0.05) among aspects for the fruit production according to
results of analysis of variance. However, shady aspect showed the lowest performance for both individual averages
of fruit numbers (256.5) and weight (73.1 g). The results could be importance for selection purposes of Hawthorn.
Positive and significant (p<0.05) relations among the characteristics were estimated based on results of correlation
analysis. The results should be used in estimation of fruit production or cultural practices such as spacing, pruning
in the species. However, crown diameter could be a better guide in these practices than the other growth
characteristics because of its easy measurement and observation. This present study was carried out by limited
individual and characteristics. So, It could be suggested that new studies should be carried out by large number of
individual and characteristics to accurate conclusion.

Key Words: Hawthorn, height, Crataegus, fruit, crown diameter
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1. Girig

Cogunlukla meyveleri yenen alig¢ (Crataegus sp.) tiirleri Tiirkiye’de halk arasinda ali¢ adiyla taninir. Bu taksonlar
ayrica; musmula, kus yemisi, yemisen, beyaz diken, eksi, edran, gevis, geyik dikeni, ¢akir alici, ayva alici, kotan
alici, godon alici, géden alic1 gibi farkli bolgesel isimlerle de bilinmektedir (Ergezen, 1999). Tiirkiye’nin dogal
tibb1 ve aromatik bitkilerinden olan Alig, sistematik olarak, Spermatophyta boliimii, Angiospermae alt boliimii,
Dicotyledonae sinifi, Dialypetalae alt sinifi, Rosales takimi, Rosaceae familyasi, Crataegus cinsi altinda
belirtilmistir (Ozdeveci, 2006). Tiirkiye’de aligin 4 tiir ve 2 varyetesi endemik olmak iizere 24 tiirii dogal olarak
yetismekte olup toplam dogal takson sayisi 33’tiir (Browicz, 1972). Bu taksonlardan biri olan ¢alismaya konu
Kirmiz1 alig (Crataegus monogyna Jacq.), 10 m’ye kadar boylanabilen ¢ali ya da kiigiik agaclardir (Sekil 1).
Meyveler kirmizi veya kahverengimsi kirmizi, neredeyse kiiresel veya ovat, 6-10 mm capinda ve tiiysiizdiir.
Yamaglar, maki, mese calilari, karma ormanlar ve yol kenarlarnda 1800-2000 m’de bulunur. Tiirkiye’nin
kuzeydogusu hari¢ hemen her yerinde yaygindir. Tekirdag, Istanbul, Bursa, Ankara, Amasya, Samsun, Kiitahya,
Konya, Adana, Erzincan, Bitlis, Izmir, Aydin, Antalya, igel, Urfa, Adiyaman, Mardin, Siirt illerinde dogal yayils
gostermektedir (Browicz, 1972).

Sekil 1. Cali formunda Kirmizi ali¢ bireyi.

Kiiltiirel, sosyo-ekonomik 6nemi ve genis kullanim alanina bagl olarak, calismaya konu Kirmizi ali¢ kiiltiire
almma potansiyeline sahip 6nemli bitki tiirlerinden biri olup, biiyiime ile meyve ozellikleri arasindaki etkilesim
ile varyasyonun belirlenmesi, kiiltiire alinma ile 1slah ¢alismalarinin 6nemli asamalarindan biridir. Ancak, bir¢ok
bitki tiiriinde iireme verimi (cigek, kozalak, meyve sayisi) ile biiyiime 6zellikleri etkilesimi calisilirken (Ornegin,
Bilir vd., 2006; Bilir, 2011; Keles, 2015; Bilir vd., 2017; Cer¢ioglu & Bilir, 2018), Kirmiz1 alig’ta bireysel ve tiir
bazinda detayli meyve verimi (say1 ve agirlik) ile bitylime 6zellikleri (boy, tepe ¢ap1 ve dal sayisi) etkilesiminin
heniiz iliskilendirilmedigi; bununla birlikte cins bazinda ydresel ve smirli sayida calisma (Ornegin, Kosar, 2017;
Caliskan vd., 2018; Okatan vd., 2017; Keles, 2018; Bagran, 2018; Giirlen, 2018; Kaman, 2019) gerceklestirildigi
sOylenebilir. Bu baglamda, ¢alismamizda Kirmiz alicta meyve verimi ile biiyiime 6zelliklerinden boy, tepe ¢api
ve dal sayisi etkilesimi arastirilarak tiirde meyve verimi ile baki iliskilendirilmis ve tiiriin bakim ve kiiltiire alinma
calismalarma katki saglanmasi amaglanmustir.

2. Materyal ve Metot

2.1. Materyal

Caligmada Isparta-Yenisarbademli yoresinden (38 39 50' - 38 42'63' kuzey enlemi ile 31°35'59 - 31°35'91' dogu
boylamlari arasinda kalan (Sekil 2) ve 1263 m-1308 m yiikseltileri arasindaki, tiiriin yogun yayilis alanindan 2019

yil1 bityiime donemi sonunda rastgele 6rneklenen 130 Kirmizi ali¢ bireyine ait meyve verimi (say1 ve agirlik) ile
biiyiime 6zellikleri (boy, tepe ¢ap1 ve dal sayis1) degerleri kullanilmistir.
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Sekil 2. Calisma alaninin Google Earth goriintiisii.

2.2. Metot
2.2.1. Meyve ve biiyiime o6zellikler

Rastgele 6rneklenen 130 Kirmizi alig bireyine ait 0.5 cm hassasiyette boy (B), yine 0.5 cm hassasiyette kuzey-
giiney ve dogu-bat1 yoniinde olmak iizere tepe c¢api ve bunlarin ortalamasiyla tepe capt (TC); bir ocaktaki
odunlagmis dal sayilar1 (DS); yerel halk tarafindan hasat edilecegi diisiincesiyle 6l¢limii yapilan bireylerin yesil
donemdeki meyve sayilari (MS), olgunlasma déneminde her bireyden 6rneklenen 10 adet meyve yardimiyla 0.01
gr hassasiyette meyve agirhigi (MA) Slgiimleri yapilarak; GPS yardimiyla bireylerin enlem, boylam, yiikselti (Y)
ve baki 6zelliklerine ait veriler toplanmstir.

Orneklenen bireylerin calismaya konu ozellikler bakimmndan bakisal olarak karsilastirilmasi amaciyla, bireyler
bakiya gore giinesli (GUB, giiney ve bat1), golgeli (GOB, kuzey ve dogu) ve ara baki (AB, kuzey bat1 ve giiney
dogu) olmak iizere {i¢ baki grubunda toparlanmistir.

2.2.2. Verilerin degerlendirilmesi
Elde edilen veriler SPSS paket programimda degerlendirilerek meyve ve biiyiime 6zelliklerine iligskin ortalama,
standart sapma, varyasyon katsayisi gibi temel istatistiksel degerler belirlenmistir. Meyve verimi (say1 ve agirlik)

ile bityiime 6zellikleri (boy, tepe ¢api1 ve dal sayisi) etkilesimi ile yiikselti arasindaki fenotipik iliskiler korelasyon
analizi ile agagidaki esitlik yardimiyla tahmin edilmistir (Falconer, 1989).

Ccov

r — f(x.y) )
P 2 [ 2
O t()\VO f(y)
Burada COV, (xy) XVey ozellikler arasindaki fenotipik kovaryansi; o 2 (x) Ve o’ (y) ise x ve y ozellikleri i¢in

fenotipik varyansi géstermektedir.

Bakilarin ¢alismaya konu meyve ve bilyiime 6zellikleri bakimmdan karsilastirilmas1 amaciyla agagidaki dogrusal
varyans (ANOVA) analizi modeli uygulanmustir.

Y|J=,u+|:|+eu )

Burada Yij i. bakinin j. bireyinin 6zelligini; ¢ genel ortalamayz; ejj ise hatayr gostermektedir.
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3. Bulgular ve Tartisma
3.1. Biiyiime Ozellikleri

Orneklenen bireylerde ortalama boy, tepe cap1 ve dal sayis1 degerleri sirasiyla 233.5 cm, 178.5 cm ve 2.7 adet
bulunmustur. Bununla birlikte biiylime 6zellikleri bakimindan tiir i¢i yani genotipler arasi genis farkliliklar
goriilmekte olup bu farklilik boy icin 5 kat, tepe c¢ap1 igin 47 kat ve dal sayisi i¢in 19 kat farklilik s6z konusudur
(Tablo 1).

Tablo 1. Boy (B), tepe ¢ap1 (TC) ve dal sayis1 (DS) degerleri.

B TC DS
Ortalama 233.5 178.5 3.7
Minimum 86.0 60.5 1
Maksimum 430.0 3745 19
St. sapma 72.8 76.67 2.7

Biiyiime 6zellikleri bakimindan golgeli bakilarm (GOB) giinesli bakilara oranla daha yiiksek biiyiime performansi
gosterdigi ve standart sapma degerleri baglaminda bakisal varyasyonun biiyiime ozelliklerine gore degistigi
belirlenmis ve biiyiime 6zellikleri bakimindan en yiiksek degerler sahip bireylere ara bakida yer almistir (Tablo
2).

Tablo 2. Bakilara gore boy (B), tepe cap1 (TC) ve dal sayisi1 (DS) degerleri.

B TC DS
Bakilar
GUB GOB AB GUB GOB AB GUB GOB AB
Ort. 230.7 239.2 229.5 175.9 185.1 172.4 37 3.6 3.7
Min. 124.0 105.0 86.0 60.5 62.5 81.0 1.0 1.0 1.0
Mak. 415.0 410.0 430.0 373.0 363.0 374.5 19.0 10.0  19.0
St.sp. 73.3 72.3 74.9 81.9 75.1 69.0 3.2 2.2 2.7

Bakilarin ¢aligmaya konu biiylime 6zellikleri bakimmdan karsilastirilmasi amaciyla uygulanan varyans analizi
sonucunda boy, tepe ¢ap1 ve dal sayis1 bakimindan baki gruplari arasinda istatistiksel bakimdan anlamli (p>0.05)
fark olmadig1 ortaya ¢ikmigtir. Form bakimindan benzer 6zellige sahip Kusburnu (Rosa canina L.) {izerinde
gerceklestirilen ¢alismada da boy, tepe cap1 ve dal sayist bakimindan bakilar arasinda istatistiksel bakimdan
anlaml1 (p>0.05) fark olmadig1 belirlenmistir (Baloglu & Bilir, 2020).

3.2. Meyve Ozellikleri

Birey basina ortalama meyve sayisi 374.6 adet bulunurken bireylerde bu degerin 2-1600 adet arasinda degisim
gosterdigi belirlenmis (Tablo 3, Sekil 3).

Tablo 3. Meyve sayis1 (MS) ve meyve agirligi (MA) degerleri.

Meyve sayisi Meyve agirhg
Ortalama 347.6 99.1
Minimum 2.0 0.57
Maksimum 1600.0 456.0
St. sapma 388.7 110.8

Calisma sonucunda bireylere gére genis farklilik gostermekle birlikte olgunlasmis meyve agirligi 0.285 g/meyve
bulunmustur. Bireysel ortalama meyve agirligi 99.1 g olup bireylerde bu degerin 0.57 g- 456 g arasinda degisim
gosterdigi ortaya ¢ikmustir (Tablo 3, Sekil 4).

Ulkemiz kiiltiirel alig yetistiriciliginin merkezi olan Hatay’da en fazla yetistiriciligi yapilan Sar1 Alig (Crataegus
azarolus L.) tizerinde 5 yillik veriler 1s181inda gergeklestirilen ¢alismada, tiirede yillara gére degisim gostermekle
birlikte ortalama meyve agirlig1 15.03 g 6lgiilmistiir (Caliskan vd., 2018). Birey bagina meyve sayisi 2-1600 adet
arasinda genis bir varyasyon gosterirken, ortalama meyve sayist 374.6 adet olarak belirlenmigtir. Bu genis
farkliliklar calismaya konu Kirmizi ali¢ ve diger ali¢ taksonlarinda da (Okatan vd., 2017; Kaman, 2019; Keles,
2018; Kosar, 2017; Bagran, 2018; Giirlen, 2018) ortaya ¢ikarilmigtir. Bat1 Anadolu’da dogal yayilis gosteren Alig
taksonlari tizerinde gergeklestirilen ¢aligmada; ¢ekirdekli meyvesi en agir olan C. tanacetifolia (6.78 g) ve en hafif
olanin C. monogyna var. monogyna (0.26 g) oldugunu belirlenmistir (Ozderin, 2014). Okatan vd. (2017) ise; Usak
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ilinde dogal olarak yetisen ali¢ (Crataegus spp.) genotiplerinin bazi fiziksel ve kimyasal 6zelliklerini incelemisler
ve incelenen genotiplerde meyve agirligi 0.96-4.03 g arasinda degistigini belirlemislerdir. Bir bagka ¢alismada ise
Akcadag ve Hekimhan (Malatya) ilgelerinde dogal olarak yetisen ali¢ (Crataegus Spp.) popiilasyonu iizerinde
gergeklestirdikleri ¢aligmada; seleksiyon ¢aligmalari sonucunda 40 genotip timitvar olarak tespit edilmistir. Ayni
calismada, selekte edilen alig¢ genotiplerinin meyve agirliklarmin 0.98- 6.76 g arasinda degisim gosterdigini ortaya
¢ikarmiglardir. Bu sonuglar tiirde yiiksek meyve verimi eldesi ve kiiltiire alinma c¢alismalarinda 6nem arz
etmektedir.
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Sekil 4. Bireylerde meyve agirligi.
Gerek meyve sayist ve gerekse meyve agirligi bakimindan ara bakinin giinesli ve golgeli bakiya oranla daha
yiiksek meyve verimine sahip oldugu gériilmektedir (Tablo 4). Buna karsin meyve sayisi ve agirhigi bakimindan
giinesli baki bireyleri golgeli ve ara bakilara oranla daha yiiksek varyasyon géstermistir (Tablo 4).

Tablo 4. Bakilara gore meyve sayisi ve meyve agirligi degerleri.

Meyve sayisi Meyve agirhgi
GUB GOB AB GUB GOB AB
Ortalama 383.9 256.5 427.5 109.4 73.1 121.8
Minimum 2.0 4.0 15.0 .57 11 4.3
Maksimum 1600.0 1120.0 1300.0 456.0 319.2 370.5

St. sapma 454.2 299.6 350.4 129.4 85.4 99.9
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Ozderin (2014) tarafindan Bati Anadolu’da dogal yayilis gosteren Alig (Crataegus L.) taksonlar1 iizerinde
gergeklestirilen ¢alismada da; giiney ve giliney bat1 bakili alanlarda ¢igek ve meyve verimliliginin yiliksek oldugu
belirlenmistir. Buna kargin meyve sayisi ve agirligi bakimindan giinesli baki bireyleri golgeli ve ara bakilara oranla
daha yiiksek varyasyon gostermistir. Kusburnu (Rosa canina L.) {lizerinde gergeklestirilen ¢alismada ise meyve
sayisi ve meyve agirligi bakimindan bakilar arasinda istatistiksel bakimdan anlamli (p>0.05) fark olmadigi ortaya
¢ikmigtir (Baloglu & Bilir, 2020).

3.3. Ozellikler Arasindaki iligkiler

Uygulanan korelasyon analizi sonucunda ¢alismaya konu biiylime 6zellikleri ile meyve sayisi ve agirligi arasinda
istatistiksel bakimdan anlamli (p<0.05) pozitifiliskiler yani etkilesim belirlenmistir (Tablo 5). Bu anlamli (p<0.05)
iliskiye bagli olarak 6rnegin meyve sayisinin MS = 3.4284TC - 264.25 (R?=0.4572) esitligi; meyve agirhigmin
MA=0.9771TC - 75.312 (R?>=0.4550) esitligi ile tahmin edilebilecegi ortaya ¢ikmustir.

Tablo 5. Biiylime 6zellikleri ile meyve verimi arasindaki iliskiler.

r B TC DS MS
TC 0.469%* -

DS 0.184* 0.563** -

MS 0.358** 0.676** 0.420%* -
MA 0.361** 0.638** 0.423** 0.982%*

**; jligkiler %99 6nem diizeyinde; *; iligkiler %95 6nem diizeyinde anlamlidir. NS; iligkiler anlamsizdir (p>0.05).

Kusburnu iizerinde gergeklestirilen ve boy, tepe ¢api, dal sayisi, meyve sayis1 ve meyve agirligr ozellikleri ile
bunlarin etkilesiminin arastirildigi ¢alismada; uygulanan korelasyon analizi sonucunda ozellikler arasinda
istatistiksel bakimdan anlamli (p<0.05) pozitif iliskiler oldugu belirlenmistir (Baloglu & Bilir, 2020). Anadolu
Karacami (Cergioglu & Bilir, 2018) ve Keciboynuzu (Keles, 2015) popiilasyonlar1 iizerinde gerceklestirilen
caligmalarda iireme ile biiyiime 6zellikleri arasinda genel olarak istatistiksel bakimdan anlamli (p<0.05) pozitif
iliskiler belirlemistir. Kegiboynuzu’nda meyve sayisi ve agirhigi ile tohum agirligt ve sayisinin bilyiime
ozelliklerinden daha fazla etkilendigi ortaya cikarilmistir (Keles, 2015).

4. Sonug ve Oneriler

Orneklenen bireylerde ortalama boy 233.5 cm, tepe cap1 178.5 cm ve dal sayisi 2.7 adet bulunmustur ve biiyiime
ozellikleri bakimindan bireyler arasi genis farkliliklar ortaya ¢ikmistir. Biiyiime &zellikler bakimindan tiir i¢i yani
genotipler arasi genis farkliliklar, tiirde bireysel/genotipik seleksiyonun énemini de agik¢a vurgulamaktadir.
Biiyiime 6zellikleri bakimidan en yiiksek degerler sahip bireylere ara bakida yer almistir. Ancak ¢alisma sinirh
sayida birey ve popiilasyon iizerinde gergeklestirilmis olup, bitki tiirlerinin bir¢ok faktére bagli olarak farkli
biiylime performansi gosterebilecegi bilinmektedir ve calisma tek yillik veriler 1s18inda ¢alisilmis olup biiylime
ozellikleri tizerine yil, yas, toprak, iklim, form, biotik ve abiotik zarar gibi birgok faktoriin etkili olabilmektedir.
Ornegin gergeklestirilen bu galisma sirasinda tiiriin ¢ali ve agac formlu bireylerine de rastlanmistir. Bakilarmn
galigmaya konu bilyiime 6zellikleri bakimindan baki gruplar arasinda istatistiksel bakimdan anlamli (p>0.05) fark
olmamasi tiiriin gen koruma sahalarini tescil ve tesisinde dnem arz etmektedir. Bu sonuglar tiirde yiiksek meyve
verimi eldesinde bireysel/genotipik seleksiyonun 6nemini de agik¢a vurgulamaktadir.

Calisma sonucunda bireylere gére genis farklilik gostermekle birlikte olgunlasmis meyve agirligi 0.285 g/meyve
ve bireysel meyve agirligi 0.57 g- 456 g arasinda degisim gosterirken ortalama meyve agirligt 99.1 gramdir. Gerek
meyve sayisi ve gerekse meyve agirligi bakimindan ara bakinin giinesli ve golgeli bakiya oranla daha yiiksek
meyve verimine sahip oldugu ortaya cikmistir. Ancak meyve sayisi ve meyve agirliginin bakilara gore
kargilagtirilmasi amaciyla uygulanan varyans analizi sonucunda, baki gruplar1 arasinda istatistiksel bakimdan
anlamli (p>0.05) fark olmadigi ortaya ¢ikmistir. Uygulanan korelasyon analizi sonucunda ¢alismaya konu bilyiime
ozellikleri ile meyve sayisi ve agirhi@ arasinda istatistiksel bakimdan anlamli (p<0.05) pozitif iliskiler
belirlenmistir. Bu sonuglar ileride yapilacak calismalarda drnegin sadece boy veya tepe ¢api dlglimii ile meyve
sayis1 ve agirligmin da tahmin edilebilecegini (MS= 3.4284TC - 264.25, R?>=0.4572; MA= 0.9771TC - 75.312,
R?=0.4550) gostermektedir. Bu sonug, meyve verimi tahmini ile bakim ve diger kiiltiire alma ¢alismalari i¢in énem
arz etmektedir. Calisma smirh bir alanda ve sinirh sayida birey tizerinde gergeklestirilmistir. Daha genis sonuglar
elde edilebilmesi ve onerilerde bulunulabilmesi amaciyla, farkli popiilasyon ve o6zelliklerde yeni calismalar
gergeklestirilmelidir.
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KLORO[1-(2-METIL-2-PROPENIL)-3-(2-KLOROBENZIL)
BENZIMIDAZOL-2-ILIDEN] Ag(I) BILESIiGININ SH-SY5Y
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Bu calismada klor igeren benzimidazol-temelli N-heterosiklik karben (NHC) ligandi (1) ve ligandin giimiis-(1)
kompleksinin (2) antiproliferatif aktiviteleri aragtirllmigtir. Hem ligand (1) hem de kompleksin (2), SH-SY5Y
noroblastom hiicrelerine ve WI-38 insan saglikli fibroblast hiicrelerindeki antiproliferatif aktiviteleri 24 saat, 48
saat ve 72 saat boyunca (3-[4,5-Dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide; Thiazolyl blue (MTT)
ol¢gtimii kullanilarak test edilmistir. Deney sonuglarma gore ligand (1), tim zaman noktalarinda WI-38 saglikli
hiicrelerde antiproliferatif aktivite gostermemis ancak SH-SYS5Y noroblastom hiicrelerinde konsantrasyona ve
zamana bagli antiproliferatif aktivite gostermistir. Sonuglarimiz, kompleksin (2), hem SH-SY5Y noéroblastom
hiicrelerine hem de WI-38 saglikli hiicrelerine karsi doza ve zamana bagl bir antiproliferatif aktiviteye sahip
oldugunu gostermistir. Ayrica kompleksin (2), SH-SY5Y néoroblastom hiicreleri ve WI-38 normal hiicrelerinde
liganda (1) gore daha yiiksek antiproliferatif aktiviteye sahip oldugu bulunmustur. Kompleks (2), SH-SY5Y
noroblastom hiicreleri i¢in 24 ve 48 saat zaman noktalarinda 4 kattan fazla segicilik gostermistir.

Anahtar Kelimeler: SH-SY5Y, MTT, Antiproliferatif aktivite, N-heterosiklik karben, Giimiis

INVESTIGATION on THE ANTIPROLIFERATIVE ACTIVITY OF

CHLORO[1-(2-METHYL-2-PROPENYL)-3-(2-CHLOROBENZYL)

BENZIMIDAZOLE-2-YLIDENE Ag(l) COMPOUND on SH-SY5Y
NEUROBLASTOMA CELLS

Extended Abstract

In this study, it has been investigated the antiproliferative activities of benzimidazole-based NHC ligand (1) and
its silver(l) complex (2) having chloride. Both ligand (1) and complex (2) have been tested for their
antiproliferative activity on SH-SY5Y neuroblastoma cells and WI-38 human healthy fibroblast cells for 24 h, 48
h and 72 h using the (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. According to
the experimental results, ligand (1) has not shown antiproliferative activity on WI-38 healthy cells in all-time
points but has shown concentration- and time-dependent antiproliferative activity on SH-SY5Y neuroblastoma
cells . Our results have shown that complex (2) has a dose and time-dependent antiproliferative activity against
both SH-SY5Y neuroblastoma cells and WI-38 healthy cells. It has also been found that complex (2) has more
antiproliferative activity than ligand (1) on SH-SY5Y neuroblastoma cells and WI-38 healthy cells. The 1Csq value
of the ligand (1) towards the SH-SY5Y neuroblastoma cell line was calculated > 20, 8.90, and 4.28 uM for 24 h,
48 h, and 72 h , respectively. ICso values of ligand (1) against WI-38 normal lung fibroblast cell lines were
calculated > 20 uM for 24, 48, and 72 hours. 1Cso values of the complex (2) against SH-SY5Y neuroblastoma and
WI-38 normal lung fibroblast cell lines were found to be 3.80, 3.15, and 2.21 uM; and 16.9, 14.6, and 8.34 uM
for 24 h, 48 h and 72 h, respectively. The selectivity index (SI) was determined from the ratio of the ICs value
obtained from normal cells and 1Cso value for cancer cells. Selectivity indexes of ligand (1) and complex (2) were
calculated as >1, > 2.24, and >4.67; 4.44, 4.63 and 3.77 for 24 h, 48 and 72 h, respectively. These results indicated
that complex (2) has shown good selectivity (more than 4-fold) between SH-SY5Y neuroblastoma cells and normal
cells for 24 h and 48 h incubation time.

Key Words: SH-SY5Y, MTT, Antiproliferative activity, N-heterocyclic carben, Silver
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1. Girig

Embriyonik gelisim sirasinda, noral krest hiicreleri gelismekte ve melanositik, duyusal, enterik ve sempatik
noronlar da dahil olmak {izere birkag farkl tiire gelismektedirler (Nakagawara vd., 2018). Ancak, embriyogenez
sirasinda noral krest hiicrelerinde meydana gelen mutasyonlar sonucunda, ‘néroblastom kok hiicreleri’ tarafindan
olugturulan malign bir kanser tiirli olan noroblastom geligsebilmektedir (Matthay vd., 2016). Noroblastom, 4 yagin
altindaki ¢ocuklar1 etkileyen en sik tanimlanan néroendokrin tiimor olup 100.000 vakanin yaklagik i¢te birinde
goriilmektedir (Bernstein vd., 1992; Gutierrez vd., 2007). Bu oran, tiim pediatrik tiimérlerin yaklasik % 6 ila %
10'unu ve ¢ocuklarda tiimorle iligkili 6liimlerin ise % 15'ini olusturmaktadir (Kim ve Chung, 2006). Noroblastom
vakalarinda ortalama yas 18 ay olup hastalarin %90’ min 10 yasin altinda oldugu bildirilmistir (Matthay vd., 2016).
Noroblastom, sempatik sinir sisteminin herhangi bir yerinde ortaya ¢ikabilen néroendokrin tiimor olmakla birlikte
en yaygin olarak adrenal bezlerden birinde bulunmaktadir. Pirimer tiimor bdlgesi ve metastaz yaptigi alana bagh
olarak hastaligin fenotipi degiskenlik gostermektedir. Lenf diigiimleri, kemik ve kemik iligine daha siklikla,
akciger, karaciger ve santral sinir sistemine ise daha az oranda metastaz yapmakta ve bu metastaz bolgeleri hem
klinik semptomlar hem de sagkalim iizerinde 6nemli etken olmaktadirlar (DuBois vd., 1999). Tedavide hasta ve
hastaligin durumuna gore cerrahi ile primer tiimoriin ¢ikarilmasi, otolog hema topoietik kok hiicre nakli,
radyoterapi ve kemoterapi gibi farkli yontemler tercih edilebilmektedir. Tedavi siirecinde kemoterapétiklere karst
direng gelismesi ve tedavi sonrasinda ise niiks siklikla karsilasilan durumlardir. Bu durumlarin {stesinden
gelebilmek igin noéroblastom tedavisi i¢in yeni tedavi stratejileri ve aday ilag molekiillerinin gelistirilmesi 6nemini
korumaktadir.

Kanser iilkemizdeki ve diinyada en biiyiik saglik problemlerinden birisidir. Arastirmacilar, bu hastaligin tedavisi
icin yeni yontemler bulmak, tabiatta dogal olarak var olan bitkisel tedavi edicileri kesfetmek veya yeni sentetik
tedavi edici ilaglar sentezlemek i¢in ¢alismalar yapmaktadirlar. N-heterosiklik karbenlerin metal kompleksleri (M-
NHC), hidrojeneasyon, hidroformilasyon, olefin metatezi, hidrosilasyon ve C-C esleme gibi 6nemli birgok organik
sentez reaksiyonlarinda katalizor olarak kullanilmalar1 yaninda bazi biyolojik aktivitelerinden dolayi tibbi kimyada
yogun olarak ¢alisilmaktadir (Sahin et vd., 2015; Bortenschlager vd., 2005; Giirbiiz vd., 2015; Clavier vd., 2009;
Betzer vd., 2016; Haque vd., 2014). Benzimidazol, ilag kesfi ve tibbi biyokimyada 6nemli bir yapi tas1 olup farkl
stibstitiient igeren benzimidazol tiirevlerinin antikanser, antiproliferatif, antimikobakteriyel, antioksidan,
antikolinesteraz, antibakteriyal ve antifungal gibi farkl1 biyolojik aktivitelere sahip olduklar1 bilinmektedir (Kumar
vd., 2018; Rao vd., 2018; Alpan vd., 2017; Shi vd., 2019). Diger metaller ile kiyaslandiginda diisiik toksititeye
sahip olan giimiis ve tilirevi bilesiklerin yiiksek biyolojik aktivitesinin, giimiis iyonlarmin hastalikl1 bolgeye yavas
salimimdan oldugu disiiniilmektedir. Hem benzimidazoliin hemde glimiisiin yararli biyolojik aktiviteleri
nedeniyle; benzimidazol i¢eren giimiis-NHC komplekslerine olan ilgi artmaktadir (Achar vd., 2018; Kalinowska-
Lis vd., 2016; Haque vd., 2015; Jakobsen vd., 2018).

Caligmamizda; benzimidazol igeren ligand (1) ve bu ligandin Ag(I) kompleksinin (2) SH-SY5Y néroblastom
hiicreleri tizerine antiproliferatif aktivitelerinin arastirilmasi amaglanmistir. Ayrica ligand (1) ve kompleksin (2)
WI-38 normal insan akciger fibroblast hiicreleri iizerine antiproliferatif aktivitesi de calisilarak ligand ve
kompleksin néroblastom hiicreleri ve saglikli hiicreler arasinda olasi segici 6zelligi olup olmadiginin arastirilmasi
da amaglanmustir

2. Materyal ve Metod

2.1. [1-(2-metil-2-propenil)-3-(2-klorobenzil)benzimidazolyumkloriir ligandi (1) ve Ag(l)
Kompleksinin (2) sentezi
Ligand ve kompleks literatiire gore sentezlenmistir (Sahin vd., 2019). Bir silenk iginde hekzan ile yikanip
kurutulan sodyum hidriir (0.48 g, 20 mmol) iizerine THF (30 mL) eklendi ve oda sicakliginda 1 saat karigtirild1.
Karigim {izerine benzimidazol (2.36 g, 20 mmol) azar azar ilave edildi. C6zeltiye 2-metil-2-propenilkloriir (1.82
g, 20 mmol) eklendi ve 60 °C’de 24 saat karistirildi. Cozelti sogutuldu ve THF vakumda uzaklastirildi. Elde edilen
kat1 tizerine DCM (50 mL) ilave edildi ve filtreden selit iizerinde siiziildii. Vakum altinda 6nce DCM uzaklastirildi,
kalan stvi kisim ise damutilarak sivi halde N-(2-metil-2-propenil)benzimidazol (% 76, 2.62 g) elde edildi. N-(2-
metil-2-propenil)benzimidazol (0.34 g, 2 mmol) ve 2-klorobenzilkloriir (0.32 g, 2 mmol) DMF (5 mL) i¢inde
80 °C’de 24 saat karistirildi. Sogutulan ¢ozelti lizerine Et,0 eklendi ve ¢oken beyaz kati filtreden siiziildi. Elde
edilen [1-(2-metil-2-propenil)-3-(2-klorobenzil )benzimidazolyumkloriir (1) ligandi birka¢ defa Et,O ile yikandi
ve vakumda kurutuldu. [1-(2-metil-2-propenil)-3-(2-klorobenzil)benzimidazolyumkloriir (1) (0.30 g, 1 mmol) ve
Ag20 (0.12 g, 0.5 mmol) DCM (30 mL) igerisinde 2 giin oda sicakliginda aliiminyum folyoya sarili olarak
karistirildi. Bu siire sonunda, reaksiyon karigimi selit iizerinden siiziildii ve ¢oziicii vakumda uzaklagtirildi. Ham
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iriin DCM/Et;0 karigiminda kristallendirildi ve kloro[1-(2-metil-2-propenil)-3-(2-klorobenzil)benzimidazol-2-
iliden]giimiig(I) (2) kompleksi elde edildi.

H /; Cl
N THF N DMF N
I o 2 L - e e
N 60 °C N Cl 80°C N
Cl

%

N DCM N
©[+)> cr + Ag0 —————= ))—Ag—Cl
N N

RT °C
1 2

Sema 1. NHC ligandinin (1) ve Ag-NHC kompleksinin (2) sentezi

2.2. Antiproliferatif Aktivite

SH-SYS5Y insan néroblastom hiicre hatti (ATCC® CRL-2266™) ve WI-38 insan normal akciger fibroblast hiicre
hatt1 WI-38 (ATCC® CCL-75™) (Manassas, VA, USA)’dan, Dulbecco’s modified Eagle media (DMEM), Fetal
bovine serum (FBS), antibiyotik ¢ozeltisi, tripsin/EDTA, MTT ve DMSO Sigma-Aldrich den ticari olarak satin
almmustir.

Ligand (1) ve kompleksin (2) SH-SY5Y ve WI-38 hiicre hatlari iizerine antiproliferatif aktiviteleri MTT 6l¢iimiiyle
belirlendi (Skehan vd., 1990). Ustel olarak biiyiiyen SH-SY5Y ve WI-38 hiicreleri pasajlandi. Hiicreler, 1x10°
hiicre/mL olacak sekilde 96-kuyulu plakalara ekildi ve hiicrelerin plakalara tutunmalar1 igin 24 saat inkiibe edildi.
24 saatin bitiminde, hiicrelere bilesiklerin farkli derigimleri (1-20 uM, DMSO igerisinde ¢6ziilen), uygulandi ve
5% CO; igeren 37°C inkiibatorde 24, 48 ve 72 saat inkiibe edildi. Kontrol kuyucuklarma DMSO (% 0.5 v/v)
eklendi. 24, 48 ve 72 saatin sonunda MTT ol¢iimii yapildi. MTT ¢ozeltisinden (5 mg/mL, PBS igerisinde) herbir
kuyucuga 10 pL eklendi ve hiicreler, 5% CO; iceren 37°C’de 2 saat inkiibe edildi. Besiyeri ve MTT aspire
edildikten sonra 100 uL. DMSO eklendi, 15 dk boyunca oda sicakliginda karistirici iizerinde inkiibe edildi ve 570
nm dalga boyunda drneklerin absorbanslari alindi. Herbir bilesik i¢in bu 6l¢limler 9 tekrarli olarak yapildi (n=9).

2.3. Istatistik

ICso degerlerinin saptanmasi ve istatistiksel analizler GraphPad Prism7 (GraphPad Software, San Diego, CA,
USA) paket programi kullanilarak gergeklestirildi. Gruplar arasindaki farkliliklarin belirlenmesinde One Way
ANOVA ve ¢oklu karsilagtirmalarda Dunnett’s multiple comparison test kullanildi. Nicel veriler, ortalama +
standart hata ortalamasi (Ort. £ SEM) olarak verildi ve anlamlilik igin; *p<0.05, **p<0.005, ***p<0.0005,
****n<0.0001 kabul edildi.

3. Bulgular

Ligand (1) ve kompleksin (2) SH-SY5Y noéroblastom ve WI-38 normal akciger fibroblast hiicre morfolojileri
tizerine etkilerinin belirlenmesi amaciyla, hiicrelere ligand (1) ve kompleks (2) uygulamasindan 72 saat sonra
gercek zamanli hiicre goriintiileme cihazi ile alinan goriintiileri Sekil 1. ve Sekil 2.’de verilmistir. Kontrol
hiicrelerine bilesiklerin ¢oziilmesinde kullanilan DMSO (% 0.5 v/v) eklenmistir. SH-SYS5Y ndroblastom hiicre
hattina farkli derisimlerde ligand (1) ve kompleks (2) uygulanmasindan 72 saat sonra kontrolle karsilastirildiginda
hiicre canliliginda 6nemli azalig gozlenmistir (Sekil 1. ve Sekil 2.). Kompleks (2) uygulanan SH-SY5Y insan
noroblastom hiicre canliligindaki azalmanin, ligand (1) uygulamasina goére daha fazla oldugu belirlenmistir.
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(d)

Sekil 2. Kloro[1-(2-metil-2-propenil)-3-(2-klorobenzil)benzimidazol-2-iliden]Ag(l) kompleksinin (2) SH-SY5Y
noroblastom hiicreleri tizerine etkisi (72 saat) (a) Kontrol (b) 1 uM (c) 5 uM, (d) 10 uM, (e) 20 uM
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Bilesigiklerin SH-SY5Y insan néroblastom ve WI-38 insan normal akciger fibroblast hiicreleri iizerine
antiproliferatif aktivitesi MTT yontemi kullanilarak belirlenmistir (Sekil 3 - Sekil 6). MTT antikanser aktivitesi
degerlendirilmesinde yaygin olarak kullanilan yontemlerden birisi olup, mitokondrial aktivitesi devam eden canli
hiicrelerin belirlenmesini saglamaktadir. Sekil 3. ve Sekil 5.’de; x ekseni ligand (1) derisimlerini, y ekseni ise
kanser ve saglikli hiicrelerin kontrole gore canlilik oranlarin1 gostermektedir. Ligand (1) derisimindeki artigla ve
zamanla birlikte Sekil 3. ve Sekil 5.’de sirasiyla SH-SY5Y insan noroblastom hiicreleri ve WI-38 insan normal
akciger fibroblast hiicre canliliklarinda azalma goézlenmistir. Benzer olarak Sekil 4. ve Sekil 6.’da x ekseni
kompleks (2) derisimlerini, y ekseni ise SH-SY5Y insan noroblastom hiicreleri ve WI-38 insan normal akciger
fibroblast hiicrelerin kontrole gére canlilik oranlarmi gostermektedir. Kompleks (2) derisimindeki ve uygulama
stiresindeki artisla paralel olarak SH-SY5Y insan néroblastom hiicrelerinin (Sekil 4.) ve WI-38 insan normal
akciger fibroblast hiicrelerinin (Sekil 6.) canlilik oranlarinda azalma gozlenmistir. Hem ligand (1) hem de
kompleks (2) uygulamasi sonucunda gozlenen hiicre canlilik oranlar1 karsilastirildiginda; kompleksin (2), SH-
SY5Y insan néroblastom hiicreleri iizerinde liganda (1) gore daha yiiksek hiicre 6liim oranlarina neden oldugu
gozlenmistir. Bu sebeple kompleksin (2), liganda (1) gore daha yiiksek antiproliferatif aktiviteye sahip oldugu
saptanmigtir.

1489 SH-SYSY = zzlg iggi
72 saat
s 1.0
-
°
5
S 0.5-
0.0

1, [uM]

Sekil 3. [1-(2-metil-2-propenil)-3-(2-klorobenzil)benzimidazolyum kloriir ligandinin (1) SH-SY5Y néroblastom
hiicre hatt1 lizerine sitotoksik etkisi. Deneyler 9 tekrarli yapilmistir (n=9) ve sonuglar £SEM verilmistir.
(*p<0.05, **p< 0.005, ***p< 0.0005, ****p<0.0001)
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Sekil 4. Kloro[1-(2-metil-2-propenil)-3-(2-klorobenzil)benzimidazol-2-iliden]Ag(l) kompleksinin (2) SH-SY5Y
noroblastom hiicre hatti lizerine sitotoksik etkisi. Deneyler 9 tekrarli yapilmistir (n=9) ve sonuglar =SEM
verilmistir. (****p<0.0001)
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Sekil 5. [1-(2-metil-2-propenil)-3-(2-klorobenzil)benzimidazolyum kloriir ligandmimn (1) WI-38 insan normal
akciger fibroblast hiicre hatti lizerine sitotoksik etkisi. Deneyler 9 tekrarli yapilmistir (n=9) ve sonuglar
+SEM verilmigtir. (**p< 0.005, ***p< 0.0005, ****p<0.0001)
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Sekil 6. Kloro[1-(2-metil-2-propenil)-3-(2-metilbenzil)benzimidazol-2-iliden]Ag(l) kompleksinin (2) WI-38
normal akciger fibroblast hiicre hatt1 {izerine sitotoksik etkisi. Deneyler 9 tekrarli yapilmistir (n=9) ve
sonuglar £SEM verilmistir. (****p<0.0001)

Sekil 3 — Sekil 6.’dan yararlanilarak, ligand (1) ve kompleksin (2) SH-SY5Y néroblastom ve WI-38 normal akciger
fibroblast hiicrelerinin %50 sini 6ldiirdiikleri derisim degerleri (ICs) saptanmustir (Tablo 1.).

Tablo 1. Ligand (1) ve Ag(l)kompleksinin (2) SH-SY5Y noroblastom ve WI-38 normal akciger fibroblast
hiicre hatlar1 igin 24 saat, 48 saat ve 72 saat 1Csp degerleri

1Cso pM?
SH-SY5Y WI-38°
1 5- Fluorourasil 2
24 saat >20 3.80+0.13 42.1 + 8.72Mundy vd., 2010) 169+1.11
48 saat 8.90+0.30 3.15+0.12 11.9 + 1.10(Ce vd. 2017) 14.6 £0.32
72 saat 428 +£0.23 221+1.12 3.26 + 0.46(Yu vd- 2016) 8.34+0.54

324, 48 ve 72 saat i¢in hesaplanan ICsq derisimlerini ifade etmektedir ve sonuglar £ SEM olarak verilmistir (n=9), Deneysel kisimda

anlatilan MTT testi ile belirlenmistir, °normal hiicre
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Ligandin (1) SH-SY5Y néroblastom hiicre hattinda 24 saat i¢in ICso degeri >20 uM, 48 saat ve 72 saat i¢in sirasiyla
8.90 ve 4.28 uM olarak hesaplanmistir. WI-38 normal akciger fibroblast hiicre hatlarina karsi 24, 48 ve 72 saat
i¢in ligandin (1) 1Cso degerleri; >20 pM olarak hesaplanmistir (Tablo 1). Kompleksin (2) SH-SY5Y néroblastom
hiicresi hiicre hattina kars1 24, 48 ve 72 saat igin ICso degerleri sirasiyla; 3.80, 3.15 ve 2.21 uM olarak saptanirken;
WI-38 normal akciger fibroblast hiicre hattina karsi 24, 48 ve 72 saat i¢in ICso degerleri sirasiyla; 16.9, 14.6 ve
8.34 uM olarak hesaplanmigtir (Tablo 1).

Kompleksin (2) SH-SYS5Y hiicre hatt1 i¢in hesaplanan ICso degerleri, yani noroblastom hiicrelerinin %50’sinin
olmesi icin gerekli derisimleri zamanla diigmektedir. Diisiikk ICso degeri yiiksek antikanser aktiviteye isaret
etmektedir. Kompleksin (2), SH-SY5Y noroblastom hiicrelerine karg1 24, 48 ve 72 saat i¢in sahip oldugu ICso
degerleri WI-38 normal akciger fibroblast hiicreleri i¢in hesaplanan ICsp degerinden daha kiigiiktiir. Bu nedenle
kompleks (2), SH-SY5Y insan noroblastom hiicreleri goére daha yiiksek antiproliferatif aktivite géstermistir.
Kemoterapdtik ilaglarin en 6nemli yan etkilerinden birisi, kanserli hiicrelerle birlikte saglikli hiicreleri de
oldiirmesidir. Bu nedenle ligand ve kompleks, normal fetal akciger fibroblast hiicre (WI-38) hattina uygulanarak,
bilesiklerin saglikli hiicreler {izerine etkileri ve secicilik indeksleri hesaplanmistir. Ligand (1), uygulamasindan 24,
48 ve 72 saat sonra segicilik indeksleri sirasiyla; >1, >2.24 ve >4.67 olarak hesaplanirken, kompleks (2),
uygulamasi segicilik indeksleri sirasiyla; 4.44, 4.63 ve 3.77 olarak belirlenmistir. Ila¢ aday1 molekiillerde tercih
edilen bir diger 6zellik ise hali hazirda kullanilan kemoterapdtik ilaglarla karsilastirilabilir sitotoksik aktiviteye
sahip olmalaridir. Ligand ve kompleksin aktivitesi kemoterapotik bir ajan olan 5-fluorourasil (5-FU) ile
kargilastirildiginda 24 saat (Mundy vd., 2010) 48 saat (Ge vd., 2017) ve 72 saat (Yu vd., 2016) uygulama zamanlar1
icin sirasiyla 11, 3.77 ve 1.47 kat daha yiiksek aktiviteye sahip oldugu belirlenmistir.

4. Tartisma

Farkli metalleri iceren metal-NHC kompleksleri, ekonomik kullanimlartyla birlikte sahip olduklar1 antikanser
aktiviteleri nedeniylede olduk¢a yaygin olarak ¢alisilan bilesik siniflari arasinda yer almaktadirlar (Aher vd.,
2014). Gimiis-NHC komplekslerinin HCT 116, HL 60, Caki-1, OVCAR-3, MB157, MCF-7 gibi bir dizi insan
kanser hiicresi tizerinde 6nemli antikanser aktiviteye sahip olduklar1 gésterilmistir (Kankala vd., 2019). H-u vd.,
(2017) Cu (I)-benzimidazol yapisina dort farkli ligand baglayarak dort adet yeni kompleks sentezlemis ve
antikanser aktivitelerini MCF7, EC109, SH-SY5Y ve QBC939 kanser hiicreleri lizerinde arastirmislardir. Cu-(11)-
benzimidazol yapisina baglanan ligand iceriginde brom (Br) bulunduran kompleksin 24, 48 ve 72 saat sonra SH-
SYS5Y igin ICsp degerleri sirasiyla 15.98 + 0.36, 10.83 + 0.30 ve 8.25 + 0.23 uM olarak bulunmustur (Hu vd.,
2017). Calismamizda kullanilan kompleksin SH-SY5Y hiicreleri i¢in ICso degerlerinin her ii¢ uygulama zamani
icin Hu vd., tarfindan sentezlenen bilesikten daha kiigiik oldugu, yani SH-SY5Y hiicreleri iizerinde daha yiiksek
antikanser aktiviteye sahip oldugu belirlenmistir. Baska bir ¢alismada benzimidazol ligandi iceren ii¢ adet yeni
giimiis (I) -NHC kompleksi sentezlenerek in-vitro antikanser aktiviteleri insan kolorektal kanseri (HCT 116),
meme kanseri (MCF-7) ve eritromiyeloblastoid 16semi (K-562) hiicre hatlari iizerinde 48 saat uygulama zamani
icin incelenmistir (Atif vd., 2020). Bilesiklerin ICso degerleri K-562 ve HCT-116 kanser hiicrelerinde 0.31-17.9
uM araliginda, MCF-7 kanser hiicrelerinde ise 15.1-35.2 uM araliginda oldugu bildirilmistir. Caligma bulgularinda
her i¢ ligandinda Ag komplekslerine gore daha diisiik antikanser aktiviteye sahip olduklart belirtilmistir.
Calismamizda da benzer sonuglar elde edilmis olup ligandin, Ag kompleksinden daha diisiik antikanser aktiviteye
sahip oldugu bulunmustur. Fabbrini vd., (2019) tarfindan yapilan bir baska ¢aligmada iki adet antrasen yapisi
iceren Ag(I) NHC kompleksi sentezlenmis ve in-vitro antikanser aktivitesi insan SH-SY5Y noroblastom
hiicrelerine lizerinde 24 saat uygulama zamani i¢in arastirilmistir. Kompleksin 24 saat uygulama zamani i¢in ICsg
degeri 1.059 £ 0.042 pM olarak bildirilmis olup ¢alismamizda kullanilan kompleksin ICsp degerinden 3.60 kat
daha kigiiktiir. Bu nedenle kompleksin in-vitro antikanser aktivitesi ¢alismamizda kullanilan kompleksten 3.60
kat daha yiiksektir. Ligandin (1) MCF-7, MDA-MB-231 meme kanser hiicreleri ve DU-145 prostat kanser
hiicreleri icin ICsp derigim araliklari sirasiyla; >20 — 16.9 £ 0.21, >20 - 18.8 £ 0.17 ve >20 - 6.02 = 0.10 pM
araliklarinda degistigi, kompleksin (2) MCF-7, MDA-MB-231 meme kanser hiicreleri ve DU-145 prostat kanser
hiicreleri igin ICsg derisim araliklarmin ise sirasiyla; 3.25 + 0.28 - <1, 7.58 £ 0.23 - <1 ve 8.03 £ 0.17 - 1.15 =
0.35 uM araliklarinda degistigi bildirilmistir (Sahin vd., 2019).
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Caligma sonuglari, sentezlenen komplekslerin in-vitro antikanser aktivitelerinin bilesigi olusturan gruplarin
kimyasal yapilarina, kompleksin igerdigi metal iyonuna, uygulama zamanma ve ¢aligilan kanser tiiriine bagh
olarak degismekte olduguna isaret etmektedir. Bilesigin yapisinda yer alan metal iyonu da biyolojik aktivitede
onemli rol oynamaktadir. Yeni sentezlenen bilesik, bir kanser tiiriinde aktivite gdstermezken baska bir kanser
tiiriinde oldukg¢a 6nemli antikanser aktiviteye sahip olabilmektedir. Bu nedenle antikanser aktivite caligmalarinda
farkli kanser tiirleri ile ¢aligilarak bilesigin hangi kanser tiiriinde en yiiksek aktiviteye sahip oldugu tesbit edilmeli
ve daha sonra zaman bagli olas1 aktivite degisimi aragtirtlmalidir.

5. Sonug¢

Calismamizda; benzimidazol igeren ligand (1) ve bu ligandin Ag(I) kompleksinin (2) SH-SY5Y néroblastom
hiicreleri iizerine antiproliferatif aktiviteleri incelenmistir. Ayrica ligand (1) ve kompleksin (2) WI-38 normal insan
akciger fibroblast hiicreleri iizerine antiproliferatif aktivitesi de ¢aligilarak ligand (1) ve kompleksin (2)
noroblastom hiicreleri ve saglikli hiicreler arasinda secici 6zellik gosterip gostermeyecegi de arastirilmistir. SH-
SYS5Y insan noroblastom hiicre hattina ligand (1) ve kompleksin (2) farkl: derisimlerinin uygulanmasidan 72 saat
sonra kontrolle kargilastirildiginda hiicre canliliginda 6nemli azalig belirlenmistir. SH-SYS5Y insan néroblastom
hiicrelerine kompleks (2) uygulamasinin, ligand (1) uygulamasina gére daha yiiksek hiicre 6liim oranlarina neden
oldugu saptanmustir. Diisiik ICso degeri yiiksek antiproliferatif aktiviteyi gostermektedir. Deney sonuglarina gore;
kompleksin (2), SH-SY5Y insan néroblastom hiicreleri i¢in 24, 48 ve 72 saat zaman noktalarinda ligandtan (1)
daha kiigiik ICso degerlerine sahip oldugu gézlenmistir. Bunedenle, SH-SYSY insan néroblastom hiicreleri lizerine
kompleksin (2) liganda (1) gore daha yiiksek antiproliferatif aktiviteye sahip oldugu saptanmustir Ayrica,
kompleksin (2), WI-38 insan normal akciger fibroblast hiicreleri igin gozlenen ICsq degerleri SH-SY5Y insan
noroblastom hiicreleri igin gozlenen ICsy degerlerine gore daha yiiksek bulunmustur. Bu nedenle kompleks (2),
24, 48 ve 72 saat uygulama zamanlarinda WI-38 insan normal akciger fibroblast hiicrelerine, SH-SY5Y insan
noroblastom hiicrelerine gore daha diisiik antiproliferatif aktivite gostermistir. Kompleks (2), uygulamasindan 24,
48 ve 72 saat sonra segicilik indeksleri 4.44, 4.63 ve 3.77 olarak belirlenmistir.

Tesekkiir

Antiproliferatif aktivite deneyleri Sivas Cumhuriyet Universitesi Ileri Teknoloji Arastirma ve Uygulama Merkezi
(CUTAM)’da yapilnustir.
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Abstract

In the present study, voluntary people of different age groups consisted of children, youngs, adults and olds were
asked to play a simple play-and-win game and the results of the games were analyzed to reveal how they behaved
in the games to maximize their winning performances. The games were played in two different forms to represent
one-shot Prisoner’s Dilemma (PD) and iterated Prisoner’s Dilemma (IPD). The results showed that age groups in
IPD game did not differ from each other in the numbers of games won. On the other hand, gender differences were
significant in the children and young groups. Males in children group and females of the youngs group were better
in winning a game. In the PD game, the age groups and the genders in these age groups did not differ from each
other in the numbers of games won. The evaluation of behaviors of players in general showed that a TIT-FOR-
TAT strategy was used by players in combination with pure cooperation to maximize their winnings. We conclude,
based on the overall results that cooperation may be the optimal strategy for individual and group success for
establishment and maintenance of social dynamics and relationships.

Key Words: Prisoner’s Dilemma, Game Theory, Cooperation, Altruism
1. Introduction

Behaviours within the scope of helping are frequently observed in nature and can be pronounced as unilateral
helping or altruism where the helpers reduce their direct fithess and as mutual helping or cooperation within species
and mutualism between species where partners increase their direct fitness (Bshary, 2010). The cooperative and
altruistic behaviors in animals have long been a puzzle for evolutionary biologist (Dugatkin, 2002; Clutton-Brock,
2009). Such behaviours displayed typically by the sterile worker castes in social insects were considered fatal by
Darwin (1859) for his theory of natural selection and the central theoretical problem by Wilson (1975) for
Sociobiology. The cooperative behaviours between kin (related individuals) can be explained by the kin selection
theory but cooperation between unrelated individuals remains a problem and the evolutionary mechanisms that
maintain it are still debated. However, reciprocal altruism can be used to understand the logic of the latter case
where resource or service exchange among individuals produces a cost but is paid by subsequent benefits by
assistance received bilaterally from the partners (Trivers, 1971). Cooperation, in some cases, generates immediate
synergistic benefits for the individuals in cooperation and these benefits can exceed the costs of providing
assistance as in the ‘public goods’ games of economists (Bowles and Gintis, 2003; Brown and Vincent, 2008).

Social evolution theory, ecological modeling and evolutionary game theory constitute the three approaches to
explain cooperative based behaviours in animals and among them evolutionary game theory provides a good basis
for studies on cooperation among unrelated individual (Smith and Price, 1973). Axelrod (1984) used the game
theory to explain how cooperation could emerge using the well-known two player games called social dilemmas
of which the most widely studied one is the Prisoner’s Dilemma (PD). The PD was followed by other game
theoretical approaches to explain mechanisms through which cooperation can emerge and be maintained in
different settings. The PD is simply based on the assumption that police caughts two people suspected of having
committed a joint crime by police and confine them into different rooms, without the possibility to communicate
(see Bravetti and Padilla, 2018). Then the police offer each suspect the possibility to confess the crime and defect
his partner in exchange for a reduced sentence. In this case, there are 4 different possibilities for the acts of the
suspects in response to the offer. If only one suspect defects (not cooperates), the other will get the full sentence
but if they defect, both will have the sentence reduced. On the other hand, if they cooperate between themselves
and do not confess, then they will immediately given their freedom. The situation can be exemplified in the payoff
matrix in Fig. 1.
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Figure 1. The pay-off matrix in a PD game. C: cooperation, D: defection, R: reward for cooperation, S; the sucker’s
payoff in cooperation of suspect 1, T; temptation to defect and P: punishment for defection (T>R>P>S).

The matrix above clearly shows that, although the best strategy for each suspect is to defect irrespective of what
the other suspect does, P is less then R points of collaboration. If both suspects choose to cooperate, then R will
be a higher payoff than mutual defection. However, cooperation is not the safe strategy to choose because a
cooperator can be easily exploited by a defector, making each player to behave to maximize their individual
payoffs. This scenario is best applied for encounters of two individuals only for once. However, there also exist
cases for individuals that have the opportunity to meet again in the future and such cases are termed as Iterated PD
(IPD). The IPD allows researchers to understand the basic truths about social behaviour and how cooperation
between entities is established and evolves (Mathieu and Delahaya, 2017).

Axelrod and Hamilton (1981) found that if the probability of meeting a given partner in the future was above some
critical threshold, although an always defect strategy is successful, another strategy called TIT FOR TAT (TFT)
which is a conditionally cooperative strategy is a robust solution in IPD. Some other efficient strategies also exist
in addition to TFT in IPD cases (Delahaye et al., 2000; O’Riordan, 2000; Li et al., 2011; Press and Dyson, 2012;
LI and Kendall, 2013). Cooperation and defection are the two components of all social dilemmas (Dawes, 1980).
Experimental evidence showed that players of PD or public good games indeed did not consider the payoffs but
placed emphasis on cooperative moves in a bilateral manner, leading a tendency for each individual to be more
cooperative in response to increasing rate of cooperative moves of the partner (Fischbacher et al., 2001; Grujic et
al., 2010). Former research on PD, social dilemmas and public good games revealed mixed results on gender
differences (Balliet et al., 2011; Molina et al., 2013). It is also known that various contextual factors including age,
family life, cultural backgroud etc. affect individual choices in social dilemmas. In the present study, we provided
empirical evidence on behaviors of individuals of different age groups of both genders by analyzing their behaviors
in a simple play-and-win game. The game helped us to i) reveal how the players behaved during the game in order
to maximize their gains and ii) to comparatively analyze how competition, cooperation, selfishness and altruism
guided their strategy choices in the game. The game was played by participants in two different types to represent
PD and IPD and outcomes of each game were discussed with respect to the game type and characteristics of the

player group.
2. Materials and Methods
2.1. The Study Groups

The study groups consisted of individuals (N=160) with friendship, genetic relationship and co-workership
interactions (Group 1) and individuals who has no prior relationship of any kind and has no possibility of a second
encounter in future (Group I1). Each group was further divided into 4 age groups as children (9-15 ages), youngs
(16-24 ages), adults (25-50 ages) and olds (51-65 ages). Each age group consisted of 10 female and 10 male
voluntary participants.
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2.2. The Play-and-Win Game

All participants were asked to play a simple play-and-wind game as pairs of males or females within age groups
(see Morgan, 2003). Pairs were given a game card and a coin and were informed about the details of the game
(Fig. 2). The game card was obtained by printing 49 circles on a white paper in a 7x7 pattern. The coin was placed
on the center circle of the card and the first move was performed by the winner of a toss-up, followed by the first
move of the other participant (referred as players in the following text part). The coin could be moved only one
circle at a time and only following the lines connecting two circles. This allowed players to move the coin only
forward, backward and sidewards. Each player was allowed to perform 10 moves in a single game. The players
were asked to reach their goalspots to win a game. The criteria for a single game to finish were to see the coin in
a goalspot or to complete all 20 moves of the two players. The game had two possible outcomes as win by one of
the players when he/she reached his/her goalspots and to end in a draw if 20 moves were spent without reaching
one of the goalspots. Players were not allowed to talk during the game. Players of Group 1 played the game in 10
successive game trials (IPD) and those of Group Il played only once (PD).

GOALSPOT A

4 LOdSTVOD

Figure 2. A schematic representation of a game trial. The gray central circle pointed with the black arrow is the
starting point of player A. The gray circle lines above and below the card are the two goalspots that the
players tried to reach to win a game. The game was won by A in 10 moves. The moves 1-5 and 7-9
correspond to competition, 6 to conflict avoidance and 10 to submitting of player B.

2.3 Data Recording and Analysis

During each game, the forward, backward and sideward moves of each player were counted and recorded. The
numbers of total moves in a single game, the number of games ended with a win or a draw were also recorded.
Each single game was evaluated based on its outcomes to determine the strategies used by players to win the game.
The strategies were categorized as competition, conflict avoidance, submitting and cooperation. Competition
might result in a win by one of the players only in cases if the partner cooperates, or it could result in a draw with
neither players winning. This latter case was regarded as pure competition and games ended with draws were
included in this category. Similarly, cooperation could also be pure which in this case a game could be won by one
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player with only 3 moves. Moves performed by one of the players towards the partner’s goalspot were considered
as submitting. When a player moved the coin, at least in one instance, to the side rather than toward his/her goalspot
or toward the partner’s goalspot, such moves were recorded as conflict avoidance.

The statistical analysis of the data was performed in GraphPad Prism version 7.00 for Windows. The significance
of differences in number of games won by females and males in groups as a whole and in subgroups, of games
won by different age groups irrespective of gender, of different strategies recorded during the whole study were
statistically tested by t-test and ANOVA test.

3. Results
3.1.IPD

The numbers of different strategies used by players of Group 1 during 10 successive game trials were given in
Tab. 1. The mean numbers of different strategies with respect to age groups were given in Fig. 3. There was no
significant difference between age groups in the mean numbers of strategies used except the youngs and olds
groups comparison for conflict avoidance (ANOVA, p< 0,05). The comparison of age groups in terms the number
of games won were given in Figs 4-5. The difference between the mean numbers of games won by males (23.5 +
2.901) and females (22.25 + 5.573) irrespective of the age groups was not significant (t-test, t= 0.1989, p > 0.05).
The comparison of age groups irrespective of gender also revealed no significant different between the groups
(Fig. 4). However, when the differences between males and females in the age groups were compared, the
differences were significant in children (t-test, t= 3.814, p < 0.05) and youngs groups (t-test, t= 2.51, p < 0.05) but
not in adults and olds groups (p> 0.05) (Fig. 5).

Table 1. The strategies used by players of Group 1 in IPD.

Number of different Number of different Total number of strategies
strategies in the initial 5 strategies in the last 5 game
game trials trials
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Youngs 535 152 6 3 454 135 31 9 989 287 37 12

Adults 633 92 10 9 401 56 19 21 1034 148 29 30

Olds 713 56 3 8 555 57 6 11 1268 113 9 19
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Figure 3. The mean numbers of strategies with respect to ages groups in IPD game. * represents significant
differences in mean numbers between the compared groups.

40 9

Number of games won

Children Youngs Adults Olds

Figure 4. The total number of games won by age groups irrespective of gender. The black parts of the bars represent
the initial 5 game trials and the gray bars represent the last 5 game trials. Although the differences
between the groups are not significant, adults and olds groups changed their strategies in the last 5 game
trials to increase their winning performances.
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Figure 5. The total numbers of games won by males and females. * represents significant differences in mean
numbers between the compared groups.

We further evaluated the overall results of IPD by dividing the 10 game trials in two parts. The first part included
the initial 5 and the second part included the last 5 game trials. By doing so, we had the opportunity to see how the
type and/or frequencies of the strategies changed and to reveal the increase or decrease tendency in the number of
games won during the course of the trials. The comparison of the two parts showed that the strategies employed
during the study changed in number either by increasing or decreasing depending on the strategy and the age
groups (see Tab. 1). For instance, the frequency of competition strategy decreased in the second part of the game
in youngs, adults and olds age groups but increased in children group. Similarly, the frequency of submitting
increased in all age groups whereas the frequency of conflict avoidance decreased except olds group where the
two parts of the game were almost similar for this strategy. We also included the number of games won by only 3
moves resulting in pure cooperation by the players. Since the number of games won by males and females differed
from each other between age groups, we relied on the % frequencies of pure cooperation cases within each group
to better compare the groups. The results were given in Fig. 6
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Figure 6. The frequency of pure cooperation cases for males and females in all age groups.
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3.2.PD

The results of the games played for once by players of Group 11 were given in Tab. 2. The comparison of mean
numbers of strategies used revealed no significance difference between the groups (ANOVA, p>0.05). The
differences between the numbers of games won in age groups and by males and females irrespective of the age
groups were not significant (ANOVA, p > 0.05 for age groups and t-test, t=0, p>0.05 for males and females).

Table 2. The strategies employed by players of Group Il in PD and the number of games won.

Number of different Number of
strategies games won
§ g £ S
g B85 E g, 3
E €3 § e5 ¢ E
O O ® &8 = L
Children 78 12 1 3 3 5
Youngs 125 13 0 4 2
Adults 122 20 2 2 1 3
Olds 153 15 2 1 3 1

4. Discussion

The results of PD and IPD games showed that the type of the optimal strategy for individual and group success
changed according to the age groups and varied among males and females. Although the age groups did not differ
from each other in game winning performances, players of adults and olds groups managed to improve their
performances by changing their strategies over the course of the game. For instance, adults won 45 games in total
of which 15 were in the initial 5 game trials whereas the resting 30 were in the last 5 trials. This 50% increase in
adult performances in winning a game is notable and can be explained easily by the behavioral change occurred
after the initial 5 trials. Adults cooperated 9 times for one player to win the game but the cooperative cases
increased to 21 during the rest of the game. It is thus reasonable to conclude that cooperation provided a high
benefit for adult players. Cooperative cases also increased in other age groups but it is not possible to underline
its contribution to overall success of the players. For instance, youngs group increased cooperation by 3 folds in
the second part of the games but their winning performances for the two parts were almost the same (27 wins vs
26 wins).

An interesting result was obtained in male-female comparisons. Males in children group were better in winning
a game but in youngs group females were more successful (see Fig. 5). In other words, females of the children
group and males of the youngs group preferred a competitive strategy. On the other hand, there was no significant
different in male and female performances in adults and olds groups. Studies showed that there was no pronounced
gender differences in adults in economics based games but males in particular cases were those who were likely
to punishe others (Eckel and Grossman, 1996). When the games won by pure cooperation in children group were
considered, we saw that 21 cooperative cases occurred. Interesting point in such cases was that females cooperated
for 4 times whereas males cooperated for 17 times. The cooperative cases was low for youngs group (n=12) but
the pattern seen in children group changed for this group. Eight of the 12 games won by one player by pure
cooperation belonged to females and 4 belonged to males. The results of a recent study with preschoolers showed
that boys were consistently selfish in their contributions throughout the game, whereas girls behaved in a manner
consistent with contingent cooperation, specifically generous TFT (Vogelsang et al., 2014). This means that boys
interpreted the task as a competition game, while girls interpreted it as a cooperative one.
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It is well known in today’s social interactions that many people behave conditionally cooperative by cooperating
if others also do and maintain cooperation, but lasting cooperation in cheating cases to adopt a punishment strategy
by being selfish (Fischbacher et al., 2001). Although such selfish responses do not contribute to individual success,
it makes sense because it helps punishment of others. We analyzed some pairs in all age groups and found that
when a participant cooperated in a game trial but cheated in the next one, then the following game trial was used
to punish the competitor. But if cooperation occurred again by the contribution of the competitor, then the punisher
stopped punishment upon the behavioral change of his/her partner. As pointed out by Trivers (1971), cooperative
interactions can be regarded as reciprocal exchange of assistance. In our case, assistance is cooperation of players
to win the game. Although the highest pay-off can be gained by individuals defecting their cooperative partners,
in IPD games, cooperation can persist if assisting behavior occurs reciprocally and partners that are unlikely to
reciprocate are avoided (Axelrod, 1984; Nowak, 2006).

Within the order Primates, humans are organisms showing helping behaviors not only to the relatives, those they
share a genetic pool with, but also to non-relatives. The cooperative strategy seen in our game players who were
non-relatives in most cases can also be regarded as a form of helping behavior since a cooperative move in a game
contributes to the others’ winning opportunity. Although cooperative behaviors among non-relatives do not fit
the classical scheme of natural selection theory of Darwin, there are a couple of ways to explain such cases. Kin
selection explains costly acts as benefiting genetic relatives. On the other hand, two theories were suggested to
explain cooperation among non-relatives (Tomasello et al., 2012). The first theory originated in the field of
evolutionary psychology and is known as “big mistake hypothesis” (Burnham and Johnson, 2005). According to
this hypothesis, the altruistic and cooperative behaviors evolved in Pleistocene in small hunter-gatherer groups
consisted of mainly individuals with genetic relationships. These behaviors in such groups were selected since
they contributed to the fitness of others (mainly relatives), or they might have provided the owner of behaviors to
be repaid in future particularly in small groups where all individuals are likely to see each other. In today’s modern
life, individuals in groups whose members do not know each other or sometimes even do not see others have a
tendency to be altruistic and/or cooperative because the mechanisms in the small hunter-gatherer groups are
operating in these modern groups. The second hypothesis is known as “cultural selection hypothesis” correspond
to a later time period in human evolution and in characterized in bigger social groups (Henrich and Henrich,
2007). The main idea of this theory says that social groups with more altruistic behaviors will override other
groups. The difference with the first hypothesis is that the inheritance of behaviors over generations is provided
culturally instead of genetical inheritance models. Members of modern groups show a typical behavior by
mimiting behaviors of others. If a group is consisted of altruistic individuals, others copy their behaviors and
contribute to the group success. In our present case, players of the IPD generally started to compete with each
other but switched to cooperation in most cases during the course of the game by which they realized that winning
optimization was possible for both players. The cooperation was first employed by one of the players and this
costly behavior was copied by the other player and continued until one of the players cheated. When cooperative
cases were evaluated, the results showed that the cooperators were both relatives and non-relatives whose
behaviors fit the scheme of the above two hypothesis.

Interestingly, players of PD game behaved different than expected because although the best strategy in PD was
cheating players in this group won 22 of 40 games of which 6 were won by pure cooperation. Although
cooperation is not the optimal strategy in PD cases, there exists empirical evidence showing that individuals
cooperate even in their first and only meetings (Henrich etal., 2005; Engel, 2011). As pointed out by Field (2001),
cooperation in one-shot PD games is an important experimental finding that needs to be understood to improve
insight to the evolution of human behavior. In the absence of a reward, the occurrence of cooperation in one-shot
PD cases is thought to be linked to some psychological mechanisms and moral values of the actors. More
interestingly, although being selfish was expected to be the best strategy in our PD group, youngs group won the
highest number of games even though they had no pure cooperation.

In conclusion, the overall and comparative analysis of our present findings showed that different strategies are
used by different age groups and genders to reach a given target but it appears that cooperation may the optimal
strategy for individual and group success. The cooperative cases in not only games played with relatives but also
by non-relatives show its particular importance for establishment and maintenance of social dynamics and
relationships.
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Son yillarda biyogdziiniir 6zelliklere sahip polimer yapilarin tarimsal alanda kullaniminm incelendigi birgok
calisma literatiirde yer almaktadir. Caligma kapsaminda tekstil alaninda farkli islemler amaci ile kullanilan ve
tiretim fazlasi olarak atik durumuna diisen biyopolimerlerden olan polivinilalkol (PVA), karboksimetil seliiloz
(CMC) ve kitosanin tarimda bitki besleyici olarak kullanimi incelenmistir. Bes farkli sekilde hazirlanan
biyopolimer esasli karigimlarin kullanim1 sonras1 uygun laboratuvar ortaminda yetistirilen misir (Zea mays L.)
bitkisine ait yaprak ornekleri mikrodalga yas yakma yontemi kullanilarak incelenmis; bitki besleme acisindan
onemli olan bitki besleme element konsantrasyonlar1 alev fotometresi ve atomik absorpsiyon spektrometresi
kullanilarak tespit edilmistir. Elde edilen element konsantrasyonlar: ile literatiire ait smir degerlerin
karsilastirilmasi yapilarak; tekstil alaninda kullanimi ve kullanim fazlasi olarak atik olusumuna neden olan ilgili
malzemelerin tarim alaninda bitki besleme ve toprak gelistirme materyali olarak kullaniminin uygunlugu
incelenmistir.

Anahtar Kelimeler: Bitki besleme, Polivinilalkol (PVA), Karboksimetil seliiloz (CMC), Kitosan, Biyopolimer

INVESTIGATION OF THE AGRICULTURAL USE OF SOME
BIOPOLYMERS USED IN THE TEXTILE FIELD

Extended Abstract

The agriculture sector is one of the most important sectors that play a role in the development of countries and
societies. At the center of today's sustainability studies are projects and products that do not have negative effects
on the environment and have positive effects on agricultural products. In particular, the main purpose of studies
on plant nutrition is to investigate the survival, growth and development processes of plants and the limits they
have in this regard. In recent years, there are many studies examining the use of polymer structures with
biodegradable properties in the agricultural field. Advantages obtained by using polymer structures; can be
summarized as thawing slowly throughout the growing season, having the opportunity to release nutrients to the
plants gradually, increase the water holding capacity of the soil, save water, provide less compaction in soil
compaction and increase plant nutrition efficiency. Within the scope of the study, the use of polyvinylalcohol
(PVA), carboxymethyl cellulose (CMC) and chitosan, which are biopolymers used as printing thickener, sizing
agent and finishgng material in the field of textile, were investigated as plant nutrients in agriculture. After the use
of biopolymer-based mixtures prepared in five different process, leaf samples of Zea myas L. grown in two
kilogram pots in three replicates under appropriate laboratory conditions were examined and important plant
nutrient concentrations for plant nutrition were determined. Microwave wet burning method was used to examine
leaf samples. Potassium (K) was determined by flame photometer and calcium (Ca), magnesium (Mg), iron (Fe),
copper (Cu), manganese/manganese (Mn) and zinc (Zn) were determined by AAS (Atomic Absorption
Spectrometer) in leaf samples burned by wet burning method. By comparing the elemental concentrations obtained
with the limit values of the literature; the appropriateness of the use of the related materials that cause waste
generation in the field of textiles and excess use as plant nutrition and soil improvement material in agriculture
were examined.

Key Words: Plant nutrition, Polyvinyl alcohol, Carboxymethyl cellulose, Chitosan, Biopolymer
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1. Girig

Ulkelerin ve toplumlarin kalkinmasinda rol alan en énemli sektérlerin basinda tarim sektorii gelmektedir. Tarmm
sektoriiniin 6nemi globallesen diinyaya paralel olarak degisen kiiresel ekonomik sartlar, artan rekabet ve niifus
artisina bagli ihtiyaglarin artis1 ile giderek artmaktadir. Giinlimiiz siirdiiriilebilirlik tizerine gergeklestirilen
calismalarmm merkezinde ozellikle ¢evre iizerinde olumsuz etkileri olmayan, tarimsal alanda calisanlar igin
ulasilabilir ve tarimsal iriinler tizerinde olumlu etkilere sahip proje ve iiriinler yer almaktadir (Pretty, 2008).
Ozellikle bitkilerin yetistirilmesi iizerine yapilan galismalarin temel amaci bitkilerin hayatta kalma, bilyiime ve
gelisme siirecleri i¢in ¢evre kosullarini en iyi sekilde kullanma ve bu konuda sahip olduklar1 sinirlari arastirmaktir
(Agren & Ingestad, 1995). Bitkilerin yeterli beslenmesi ve siirdiiriilebilir olmalar1 su ve karbondioksiti
sentezleyerek bitkiler gibi organik madde iiretemeyen hayvan ve insanlar i¢in gereksinim duyduklari organik
bilesikleri, vitamin ve mineralleri temin etmeleri agisindan énemlidir (Akbulut & Oktav Bulut, 2015).

Oksijen, karbondioksit ve suya ek olarak, bitkilerin yeterli olarak beslenmesi igin en az 14 mineral elemente
ihtiyact vardir (Marschner, 1995; Mengel, 2001; White ve Brown, 2010, Akbulut ve Oktav Bulut, 2015). Bu
mineral elementlerin herhangi birinde eksiklik, bitki bliyiimesini ve mahsul verimini azaltir. Bitkiler genel olarak
mineral elementlerini toprak ¢ozeltisinden alirlar. Oksijen, karbondioksit ve suya ek olarak bitki biiyiimesi igin alti
mineral elementten olan azot (N), fosfor (P), potasyum (K), kalsiyum (Ca), magnezyum (Mg) ve kiikiirt (S) biiyiik
miktarlarda gereklidir. Klor (Cl), bor (B), demir (Fe), manganez (Mn), bakir (Cu), ¢inko (Zn), nikel (Ni) ve
molibdene (Mo) ise ihtiya¢ daha az miktardadir (White ve Brown, 2010; Akbulut ve Oktav Bulut, 2015).

Toprakta yetisen bitkiler gereksinim duyduklar1 besin elementlerinin tamamina yakmmi kokleri vasitasi ile
topraktan almaktadir. Bitki besin elementleri toprakta ¢ozelti igerisinde ¢oziilmiis, degisim komplekslerinde
absorbe edilmis, toprak minerallerinde kimyasal bagli, organik maddede organik bilesikler halinde ve porlar
icerisinde gaz halinde bulunabilmektedirler (Kacar ve Katkat, 2015). Topragin sahip oldugu fiziksel, kimyasal ve
biyolojik nitelikler topragin kalitesini belirlemekte ve bu niteliklerde yasanan bir diisiis toprak bozulmasi olarak
ifade edilmektedir. Toprak bozulmasi durumu bitkilerin beslenmesinde yetersizliklerin meydana gelmesine ve
iretkenligin diismesine neden olmaktadir (Cakmak, 2002; Yilmaz ve Alagdz, 2008).

Herhangi bir topragin bitki gelismesi i¢in uygun olup olmamasi, ¢esitli etmenlerin karsilikl: etkileri sonucu bitkiye
yeteri kadar ve uygun oranlarda siirekli olarak bitki besin elementlerinin saglanip saglanamamasima baglidir.
Bitkileri dogrudan dogruya toprakta yetistirmek suretiyle mutlak gerekli elementleri belirleyebilmek i¢in, biiylime
donemi siiresince hangi elementin topraktan alindigmin dogru olarak bilinmesine gereksinim vardir. Bunun i¢in
en basit yol bitki analizidir. Toprakta herhangi bir elementin tek yonlii olarak azalmasi ile topragmn fiziksel,
kimyasal ve biyolojik diizeni bozulacak ve dolayisiyla toprakta bulunan &teki elementlerin yarayislilik durumu
degisecektir (Kacar ve Katkat, 2010).

Toprak bozulmasina sebep olan faktorlere bagli olarak yapisi bozulan, verimliligi ve tiretkenligi kaybolan topragin
1slah edilmesi ve yapisal olarak gelistirilmesi gerekmektedir. Bu durum bitki besleme konusunda gergeklestirilen
calismalarda biiyiik bir éneme sahiptir. Ozellikle literatiirde bu alanda polimer yapilarin kullanimi ve sonuglarmin
degerlendirildigi bir¢ok c¢aligma bulunmaktadir. Yapilan caligmalarda ortak sonug¢ uygun polimer yapilarin
kullanim1 sonrasi bitki besleme ve toprak/giibre gelistirme konusunda iyi sonuglarin elde edilmesi olarak goze
carpmaktadir (Tisdall ve Oades, 2006; Verdonck, 1984; Aly ve Letey, 1990; Hanay, 1991; Mikkelsen vd., 1993;
Oztas vd., 2002; Sacak, M., 2018; El-Hady vd., 2006; Du vd., 2006; Nirmala ve Thirupathaiah, 2019; Riberio vd.,
2020) .

Polimer yapilarin kullanimi1 sonucu elde edilen avantajlar; bitki biiyiime mevsimi boyunca yavas yavas
¢oziilmeleri, bitkilere kademeli olarak besin salma imkanina sahip olmalari, toprak su tutma kapasitesinde artis,
su tasarrufu saglamasi, toprak sikismasinda daha az sikisma saglamalar1 ve bitki besleme veriminin arttirilmasi
olarak ozetlenebilmektedir (Mikkelsen, 1994; Du vd., 2006; Nirmala ve Thirupathaiah, 2019; Riberio vd., 2020).
Caligsma kapsaminda tekstil alaninda kivamlastirici, hasil maddesi, apre malzemesi olarak kullanimi olan islemsiz
PVA, CMC, Kitosan ve karigimlarmin bitki besleme iizerine olan etkisi incelenmis ve tekstil fabrikalarinda birgok
kullanim alant bulunan bu maddelerin iiretim fazlasi atiklarinin bitki besleme ve toprak gelistirme alaninda
kullanim uygunlugu arastirilmistir.
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2. Materyal ve Metod

Calismada dogal bir polimer olan Kitosan, topraga uyumlu ve kolay ¢dzlinebilme 6zelligine sahip PVA polimeri
ile dogal esasli CMC bitki besleme ve toprak gelistirme isleminde kullanilmistir.

Kullanilan kitosanin eldesinde kullanilan toz halde bulunan yenge¢ kabugu kitini (a-kitin) Sigma (C7170)
firmasindan temin edilmistir. PVA olarak ise Elastechs SC5 (Emsland A.S.) ve CMC olarak Emsize CMS 60
(Emsland A.S.) kullanilmigtir. Kullanilan PVA ve CMC’nin substitusyon dereceleri (DS) sirasi ile 0,08 ve 0,09
dur. Substitusyon derecesi seliiloz polimer zincirindeki hidroksil gruplarinin ne kadarmin eterlendigini belirten
ortalama deger olup, bakteriyel ve kimyasal dayaniklilik, film saglamligi, akiskanlik diizgiinliigii gibi 6zellikleri
belirler ve kullanim yeri ve amacina gore iyi se¢ilmelidir (Zhang vd., 2011; Akbulut, 2014).

Bitki besleme ve saks1 denemeleri islemlerinde kullanilan toprak Isparta Uygulamah Bilimler Universitesi Ziraat
Fakiiltesi ¢iftlik arazisinden alinmis olup; topragin sahip oldugu fiziksel ve kimyasal analiz sonuglar1 asagidaki
gibidir.

Tablo 1. Denemede saksi1 topragi olarak kullanilan tarla topragimin fiziksel ve kimyasal analiz sonuglart.

Toprak Ozellikleri Metotlar Analiz Sonucu (0-25cm)
pH - 1:2,5 8,02
Kireg (%) Kalsimetrik 23,16
Tuz (%) 1:2,5 0,14
Organik Madde (%) Walkley-Black 1,6
Toplam N (%) Kjeldahl 0,08
Alnabilir P (kgP20Os/da) Olsen-Spektrofotometre 51
Almabilir K (kgK.0O/da) A Asetat-AAS 172,2
Alnabilir Ca (kgCaO/da) A.Asetat-AAS 2940,4
Alinabilir Mg (kgMgO/da) A Asetat-AAS 127,5
Alinabilir Fe (ppm) DTPA-AAS 3,38
Alnabilir Mn (ppm) DTPA-AAS 1,2
Alinabilir Zn (ppm) DTPA-AAS 0,64
Almabilir Cu (ppm) DTPA-AAS 1,02

Kitinden kitosan eldesi islemleri ve biyopolimer karigimlarinin hazirlanmasi igin kullanilan kimyasallar ise;
Formaldehit (CH20, Merck, %37°lik sivi madde), Gliserin (C3H803 Merck, %99), Hidroklorikasit (HC1, Merck,
%37), Sodyumhidroksit (NaOH, %99) ve Biitanol (C4sHsOH %98 saflikta) diir.

2.1. Yengeg¢ Kitininden Kitosan eldesi

Yenge¢ Kitininden kitosan eldesinde 2014 yilinda Oktav Bulut damismanlhiginda Akbulut tarafindan
gergeklestirilen tez ¢aligmasi esas alinmug olup; ilk olarak 25 g agirliginda kitin 90°C+5 sicaklikta 3 saat stire ile
kurutma islemine alindi. Kurutma iglemi sonrast kitin desikatér yardimi ile oda sicakligma getirildi. Oda
sicakligina getirilen kitin farkl stirelerde (30',60',90',120") deasetilasyon islemine tabi tutuldu.
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Sekil 1. Kitinden kitosan elde edilme grafigi (1:NaOH, 2: Kitin, F.O = 1/5, a: 30',60',90',120").

Deasetilasyon sonrasi tagar su ile yikama islemi kitosanlarm pH’1 nétr olana kadar devam ettirildi. Elde edilen
kitosanlara yikama sonrasi sabit tartima gelene kadar kurutma iglemi yapildi. Sabit tartim sonrasi 0,1 N 30 ml HCI
ile 0,3 g kitosan ¢oziilerek 250 ml’lik balon jojeye titrasyon igin aktarildi. Elde edilen ¢ozeltiye 2 damla metil
orange eklendi ve ¢ozelti rengi pembeye doniinceye kadar karistirildi. 0,1N 37 ml NaOH ile ¢ozelti rengi
pembeden turuncuya donene kadar titrasyona devam edildi. Farkli siirelerde deasetilasyon islemine alinan
kitosanlardan ¢aligma kapsaminda kullanmak iizere %74,14 ile en yiiksek asetilasyon derecesine sahip olan 120

dk deasetilasyon islemine alinmis kitosan secilmistir (Oktav Bulut ve Elibiiyiik; 2017).

2.2. Galigsmada Kullanilan Biyopolimer Karigimlari

Toprak gelistirme ve bitki besleme 0Ozelliklerinin incelenmesi ic¢in kullanilan biyopolimer karigimlarmin
hazirlanmasinda Tablo 1’°de verilen 5 farkli regete (R1, R2, R3, R4, R5) kullanilmistir.

Tablol. Biyopolimer karigtimlarinin hazirlanmasinda kullanilan regeteler.

PVA/CMC Karisim PVA/Kitosan Karisimi PVA Karisim
(Recete No:1/R1) (Recete No:2 /R2) (Recete No:3 / R3)
PVA 79 PVA 79 PVA 109
CMC 39 Kitosan 3¢ Gliserin 0,1 mil
Gliserin 0,1 ml Gliserin 0,1 ml Biitenol 0,1 mi
Biitenol 0,1 ml Biitenol 0,1 ml Formaldehit 1ml
Formaldehit 1 ml Formaldehit 1ml Su xml
Su xml Su xml
Total 100 gr Total 100 gr Total 100 gr
CMC Karisimi Kitosan Karisimi
(Recete No:4 /R4) (Recete No:5 RS)
CMC 10¢g Kitosan 10¢g
Gliserin 0,1 ml Gliserin 0,1 ml
Biitenol 0,1 ml Biitenol 0,1 ml
Formaldehit 1 ml Formaldehit 1ml
Su xml Su xml
Total 100 gr Total 100 gr
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Bitki besleme ve analizler 6ncesi PVA, kitosan ve CMC malzemelerinin temin edilen toz halleri (islemsiz) ve
receteler sonrasi elde edilen karigimlar kullanilan saksilardaki 2 kg’lik toprak ile homojen bir karisim olusturacak
sekilde karistirilmis ve bitki besleme islemine hazir hale getirilmistir.

Bitki besleme islemleri, Isparta Uygulamali Bilimler Universitesi Ziraat Fakiiltesi Toprak Bilimi Bitki Besleme
Boliimii serasinda kontrollii kosullarda gerceklestirilmistir. 2 kg kapasiteli saksilarda her bir uygulama igin 3
tekrarli olarak misir (Zea mays) bitkisi yetistirilmistir. Ekim isleminden &nce temel giibreleme amaciyla her bir
sakstya 200 ppm N (NH4NO3), 200 ppm P ve 230 ppm K(KH2PO4) uygulanmistir (Aynaci ve Erdal, 2016).
Saksilara 4 adet misir bitkisi ekilmis ve ¢imlenmeden sonra en iyi biiylime ve gelisimi gdsteren 2 adet bitki
numunesi ¢alismada kullanilmistir. Bitkiler 8 haftalik gelisme doneminden sonra hasat edilerek analizlere hazir
hale getirilmistir (Erdal vd.,2003).

Bitkilerden alinan yaprak 6rnekleri laboratuvar ortaminda ¢esme suyu, seyreltik asit (0.2 N HCI) ve saf su ile
laboratuvara nakledilme sirasinda olusabilecek yiizeysel bulagmalardan kaynaklanabilen hatalarin ortadan
kaldirmak amaciyla yikandiktan sonra drnekler 65+5 °C’de 48 saat siire ile kurutma dolabinda kurutularak
ogiitiilmiistiir (Miiftiioglu vd., 2014). Ogiitiilen yaprak rneklerinden 0.4 g’lik numuneler almarak teflon kaplar
igerisinde 10 ml nitrik asit ile 1slatilmistir. Yaprak drneklerinin incelenmesinde mikrodalga yas yakma yontemi
kullanilmistir. Bu yontemde organik aksamin pargalanmasi ve yakilmasi, sivi bir ortamda erlenmayer igerisinde
ve bir sicak pleyt lizerinde (Kacar, 1972; Zarcinas vd., 1987), mikrodalga firinda basingli yada basingsiz olarak
gerceklesmektedir (Miller, 1998; Kacar ve Inal, 2010).

Tiim yaprak ornekleri 180 °C’de 15 dakika siire ile yakilmis ve 15 dakika sogumaya birakilmistir. Yakimu
tamamlanan ve sogutulan numuneler 50 ml dl¢ii balonlarma aktarilmistir. Yas yakma yontemiyle yakilan yaprak
orneklerinde potasyum (K) alev fotometresiyle (Kacar 1972), kalsiyum (Ca), magnezyum (Mg), demir (Fe), bakir
(Cu), mangan/manganez (Mn) ve ¢inko (Zn) ise AAS (Atomik Absorpsiyon Spektrometresi) ile tayin edilmistir.
AAS yontemi, elementlerin gaz durumundaki atomlarinin 1sin absorbe etme 6zelligine dayanilarak gelistirilmis
bir yontem olup, Beer —Lambert yasasina uymaktadir. Bu yontemde esas; bitki 6rneginde bulunan bir elementin
miktarmin belirlenmesi igin ¢ozelti haline getirilmis bitki 6rneginin aleve piiskiirtiilmesi sonucu, alevde atomize
olan element tarafindan bu elemente 6zgii 151k kaynagindan gelen 1smin absorbe edilen miktarmin belirlenmesi
prensibine dayanmaktadir (Kacar ve Inal, 2010).

3. Arastirma Bulgulari

3.1. Biyopolimer Karigimlarinin Su Gegirgenlik Oranlarinin Tespiti

Calisma kapsaminda elde edilen PVA, CMC, Kitosan, PVA/Kitosan ve PVA/CMC karisimlarinin su gegirgenlik
oranlarinin tespiti i¢in silika jel igeren kaplar kullanilmis olup; karisim ihtiva eden kapla oda sicakliginda 24 saat
bekletilerek su agirliginda meydana gelen degisiklikler kayit altina alinmistir. Su gecirgenlik orani tespitinde

kullanilan formiil agsagida verilmektedir;

wp=Am/tX S

wp: Su gegirgenligi (g/m?h?)

Am: Silika jel agirligindaki artis miktari (g)
t: 24 saat

S: Sabit (2,826 x 10°m?)
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Tablo 2. Elde edilen karigimlarin Su Gegirgenlik Oranlari.

Karisim Su Gegirgenlik Oram (g/m*h™)
PVA (R3) 70,45
CMC (R4) 2074
Kitosan (R5) 113,80
PVA/Kitosan (R2) 90,67
PVA/CMC (R1) 58,64

Elde edilen su gegirgenlik oranlar1 incelendiginde en yiiksek oranda su tutma &zelligine sahip olan numunenin
kitosan oldugu goriilmektedir. En diisiik su tutma 6zelligine ise CMC sahiptir. PVA ve kitosanda bulunan vazifeli
hidroksil gruplari absorbif ¢ekim kuvvetleri ile biinyede suyun kolaylikla baglanmasmi saglamaktadirlar.
CMC’nin suda ¢oziinebilmesi i¢in 0,45 veya daha yiiksek siibstitiisyon derecesine sahip olmasi gerekmektedir.
Calisma kapsaminda CMC olarak kullanilan Emsize CMS 60’1 ise siibstitiisyon derecesi 0,09 oldugu i¢in yapisina
su baglanma 6zelligi diisiiktiir.

3.2. Bitki Besin Elementlerinin Degerlendirilmesi

Calisma kapsaminda olusturulan sera denemeleri sonrasi bitki besin elementlerinin analiz sonucunda elde edilen
konsantrasyon degerleri Tablo 3’de verilmektedir.

Tablo 3. Bitki besin elementlerinin analizi sonucu elde edilen element konsantrasyon degerleri.

Mg (%) | Ca (%) | K(%) | Cu(ppm) | Mn (ppm) | Fe (ppm) | Zn (ppm)

Kontrol Numunesi 0,15 0,17 4,02 13,33 78,46 76,84 51,38
PVA (islemsiz) 0,23 2,66 4,38 21,96 76,54 81,84 41,72
PVA Karisim (R3) 0,22 2,07 4,36 28,25 83,5 173,38 24,14
Kitosan (islemsiz) 0,14 1,97 5,15 10,63 76,38 138,05 55,5
Kitosan Karisim

0,2 1,35 5,08 19,5 76,75 76,75 23,09
(R5)
CMC (islemsiz) 0,11 1,26 5,68 13,8 85,5 70,75 70,75
CMC Karisim (R4) 0,16 1,72 4,58 41,09 76,16 146,63 29,08
PVA/CMC

0,15 2,04 4,47 26,92 81,16 99,88 21,97
Karisim (R1)
PVA/Kitosan

0,19 2,10 4,06 13,38 86,92 85,42 18,45
Karisim (R2)

Tablo 3 incelendiginde kontrol misir numunesine gére Mg % konsantrasyonunda en biiyiik artis islemsiz PVA
kullanim1 sonucu elde edilmistir. Kontrol numunesinin sahip oldugu %0,15 degerindeki Mg konsantrasyonu
Islemsiz PVA kullammi sonucu %0,08’lik bir artis gostererek %0,23 degerline ulasmistir. % Mg
konsantrasyonunda elde edilen en yiiksek ikinci artig miktar1 ise yine PV A karigiminin kullanimi sonucu % 0,22°lik
degerle elde edilmistir. Tabloda PVA/CMC karisimi kullanimi sonucu % Mg konsantrasyonunda herhangi bir
degisim meydana gelmedigi, islemsiz kitosan ve CMC kullanimi sonucu kontrol misir numunesinden elde edilen
% Mg konsantrasyonunda ise diisiisler meydana geldigi goze ¢arpan diger sonuglardir.

Tablo 3’de verilen kalsiyum konsantrasyon sonuglari incelendiginde ise; aynt magnezyum konsantrasyonunda
oldugu gibi kontrol musir numunesinin sahip oldugu degerin en fazla islemsiz PVA kullanim1 sonrast yiikseldigi
goriilmektedir. Islemsiz PVA kullanimi sonrasi kontrol misir numunesinin sahip oldugu 0,17°lik Ca konsantrasyon
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degeri %2,66 oranma yiikselmistir. Veriler incelendiginde islemsiz PVA ile igerisinde PVA olan ve kitosan ve
CMC barindiran karisimlarinda %Ca degerini olumlu yonde yiikselttigi goriilmektedir. Tablodan elde edilen bir
diger sonug ise PVA ile kiyaslandiginda daha diisiik oranlarda katki diizeyine sahip olsa da CMC ve kitosan
kullanimimin da %Ca konsantrasyon degerinin yiikselmesinde etkili oldugudur.

Kontrol misir numunesinin sahip oldugu potasyum konsantrasyonu % 4,02 degerine sahipken ozellikle islemsiz
CMC ve kitosan kullanimi ile bu oranin yukari ¢iktig1 Tablo 3°de goriilmektedir.

Yine ayni tablo incelendiginde kontrol misir numunesine ait bakir konsantrasyonu degerinin CMC karisimi
kullanim1 sonrasi; mangan konsantrasyonunun PVA/Kitosan karisimi ve islemsiz CMC kullanimi1 sonrasi; demir
konsatrasyonun PV A karigimi ile CMC karigimlarinin kullanimi sonrasi ve ¢inko konsantrasyonunun iglemsiz
kitosan ve CMC kullanim1 sonrasi en yiiksek konsantrasyon degerlerine sahip oldugu gézlemlenmektedir.

4. Sonug ve Oneriler

Calisma kapsaminda islemsiz olarak PVA, CMC ve kitosan ile bu malzemelerin karisimlart 10°ar gramlik
miktarlarda kullanilarak 2 kg toprak kapasitesine sahip saksilara, toprak ile homojen bir karigim olusturacak
sekilde karistirilarak konulmus ve iklim kosullari goz oniine alinarak 60 giin siire ile kontrol misir bitkisi
yetistirilmistir. Yaprak orneklerinin yapilan analizler sonucunda Mg, Ca, Cu, K, Mn, Fe, Zn elementlerine ait
degerleri belirlenmis olup bu degerlerin literatiirde belirtilen smir degerler icerisinde olup olmadig
degerlendirilmistir (Jonas vd., 1991).

Calisma sonucu elde edilen degerlerin karsilagtirilmasinin yapildig: literatiirden elde edile sinir degerleri tablo
4’de verilmektedir.

Tablo 4. Kontrol Misir bitkisi igin besin elementleri sinir deger aralig1 tablosu.

Besin Elementleri Sinir Deger Arahg
Mg (%) 0,15 - 0,45

Ca (%) 0,3-0,7

K (%) 25-40

Mn (ppm) 20 - 1000

Cu (ppm) 1-25

Fe (ppm) 50 - 250

Zn (ppm) 20-60

Tablo 4 incelendiginde bitki Mg konsantrasyonu sinir deger aralifi icerisinde islemsiz ve karisim olarak
hazirlanmis PVA’nin, karisim durumundaki CMC’nin kitosan karisimi ve PV A/kitosan karigimi kullanimi sonrasi
elde edilen degerlerin bulundugu goriilmektedir. PVA/CMC karigimi kullanimi sonrast elde edilen Mg
konsantrasyon degeri ise alt sinirdadir.

Ca, K, Mn ve Fe konsantrasyon deger araliklari incelendiginde ¢alisma kapsaminda kullanilan tiim malzemeler
sonucu elde edilen konsantrasyon degerlerinin belirtilen sinir araligi degerleri icerisinde oldugu kabul edilmistir.
Zn konsantrasyon sinir deger araligi ile elde edilen konsantrasyon degerleri karsilastirildiginda islemsiz CMC
kullanimi sonrasi elde edilen degerlerin sinir degerler lizerinde oldugu, PVA/kitosan karisimi kullanim1 sonrasi
elde edilen degerlerin ise sinir degerlerin altinda kaldig1 gériilmiistiir. Diger numunelerin kullanimi sonrasi elde
edilen degerler ise belirtilen sinir konsantrasyon degerleri igerisindedir.

Cu konsantrasyonuna ait sinir degerler incelendiginde calisma kapsaminda kullanilan PVA ve CMC karigimu ile
birlikte kullanimlar1 s6z konusu olan PVA/CMC karisimina ait sonug¢ konsantrasyon degerlerinin sinir degerler
iizerinde oldugu, diger malzemelerin kullanimi sonucu ise elde edilen degerlerin belirlenen Cu konsantrasyon sinir
deger aralig1 icerisinde bulundugu tespit edilmistir.
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Sonug olarak her bir element konsantrasyonu agisindan kullanilan tekstil tabanli polimer yapilt malzemelerin
olumlu sonuglar verdigi, bazi kullanimlar sonucu sinir degerlerin asildigi ancak bu asma durumunun kullanilan
miktarm kontrollii olarak diisiiriilmesi sonucu belirlenen elementlere ait konsantrasyon smnir deger araligina
cekilebilecegi gozlemlenmektedir. Ozellikle Tablo 3 ve Tablo 4 incelendiginde; tekstil alaninda apre malzemesi,
kivam arttirict malzeme, hasil maddesi gibi farkli kullanim alanlarina sahip olan CMC, PVA ve kitosan
malzemelerinden elde edilen iiretim fazlas1 durumda ve atik olarak degerlendirilen miktarin bitki besleme alaninda
besleme materyali olarak ve toprak zenginlestirici iiriin olarak kullanilabilir oldugu gériilmektedir. Ozellikle diisiik
maliyeti ve dogada hizli ¢oziilme 6zelligi nedeni ile PVA’nin giibre olarak kullanimi s6z konusu olabilmektedir.
CMC malzemesinden elde edilen veriler de bitki besleme alaninda CMC’nin kullanilabilir oldugunu
kanitlamaktadir. Ancak su tutma 6zelliginin daha yiiksek olmasi ve CMC malzemesinin kullanimi ile bu alanda
¢ok yiiksek sonuglar elde edilmemesi PVA’nin CMC’ye gore kullanim agisindan daha verimli sonuglar ortaya
koyacagini gostermektedir. Kitosan ise her ne kadar olumlu sonuglar ortaya ¢ikarmis olsa da 1 kg’da yaklasik 700
euro maliyetli bir malzeme olmasi nedeniyle yaygin kullanim agisindan degerlendirildiginde yiiksek maliyetli
olacaktir. Literatiir incelendiginde PV A nin karisim olarak kullanimi yerine direk olarak topraga eklenme siiratiyle
kullanimu yeterli olarak goriilmektedir (Zhang vd. 2012, Han vd. 2009). Calisma sonucu elde edilen sonuglar da
bu durumu destekler niteliktedir.

Maliyetler agisindan bir kiyaslama yapildiginda ¢alismanin sonuglandigi anlik veriler incelendiginde; 1 kg yapay
giibrenin ortalama maliyeti 4,00 TL iken, 1 kg PVA‘nmn maliyeti 7,00 TL ve CMC’nin maliyeti ise 2,90 TL olarak
belirlenmistir. Ayrica kullanim miktarlar1 ve galigma kapsaminda verilen regeteler incelendiginde en yiiksek
kullanim orani1 baz alindiginda; 10 gramlik bir PVA kullanimi ile 100 gram miktarinda bir karisimin hazirlanmasi
ve 2 kilogramlik bir besleme topraginda kullanimi s6z konusu olmaktadir. Diger bir deyisle 0,07 krs maliyet ile 2
kg’lik bitki besleme toprag: olusturulmaktadir.

Genel cergevede bakildiginda calisma sonuglart ile tekstil alaninda farkli iglemler i¢in kullanimi s6z konusu olan
ve kullanim fazlas1 olarak degerlendirilerek atik meydana getiren PVA, CMC ve kitosan malzemelerinden elde
edilen miktarlar ile bitki besleme ve toprak gelistirme islemlerinin yapilabilir oldugu, yapay giibre kullanim le
kiyaslandiginda maliyetler agisindan uygun oldugu ve bu durum ile hem siirdiiriilebilir tarim uygulamalarina bir
alternatif, hem de sifir atik projelerine bir destek niteligine sahip alternatif ve maliyeti uygun bir yontemin meydana
getirildigi sdylenebilir.
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Abstract

This paper maintains data about the Mantodea (Dictyoptera) fauna from Aspat (Strobilos) province of Bodrum,
Mugla, Western Turkey. Species were collected using different methods namely, handpicking on vegetation,
handpicking on the ground, handpicking under stone, light trap, bait trap and sweep net sampling. Sampling took
place at two weeks’ intervals during the years of 2008 and 2009. At the end of this research, three species belonging
to three families of Mantodea were specified. Those are Empusa fasciata Brullée, 1832
(Empusidae), Iris oratoria (Linnaeus, 1758) (Tarachodidae) and Mantis religiosa (Linnaeus, 1758) (Mantidae).
Sweeping net is the effective method (40.48%)in sampling and light trap (35.71%) method followed it. All three
species were sampled in both years. E. fasciata was sampled in March-May, while I. oratoria was sampled in
March-December and M, religiosa was sampled in June-November. Among those species Iris oratoria was the
most abundant one. All these species have been recorded for the first time from Mugla province of Turkey.

Keywords: Empusidae, Tarachodidae, Mantidae, Mantodea, Dictyoptera, fauna, Turkey

1. Introduction

With the works carried out in Anatolia which is a very rich open air museum, numerous civilizations reaching
from past to present are being unearthed and these areas open up to cultural tourism.

Recently, in Turkey as in the world, with cultural tourism supporting nature and agricultural tourism together has
begun to stand out. In this context, an interdisciplinary project was conducted in the ancient city and its
surroundings known for its history going back to the B. C. 7th Century and formerly called Strobilos, today called
Aspat, and the subject was discussed in different aspects (Diler, 2010).

In this paper, aiming to reflect the results of the first interdisciplinary research in an ancient city in Turkey, during
the studies conducted in Aspat region, the species belonging to the Empusidae, Tarachodidae and Mantidae
(Dictyoptera: Mantodea) were considered faunistic aspect and, evaluated in terms of the method of collection and
their seasonal presence.

Mantodea fauna of Turkey is quite rich and a total of 25 species belong to four families occurring in Turkey. Those
are Amorphoscelididae (one species), Empusidae (four species), Eremiaphilidae (four species) and Mantidae (16
species) (Caesar et al., 2015; Tezcan, 2020).

2. Material and Methods

In this study, Empusidae, Tarachodidae and Mantidae (Insecta: Mantodea) samples collected from Aspat
(Strobilos) (27°26'E and 37°02'N), Bodrum, Mugla, western Turkey have been evaluated. Material have been
sampled in 500 hectares of area. Species were collected using four methods: handpicking, light trap, bait trap and
sweep net sampling. Sampling took place at two weeks’ intervals between the years of 2008 and 2009. For each
species, after collection date and method, number of specimens and their gender were given. If the material
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damaged, gender was been given as following format: “male/female?”. All the specimens studied were kept in the
collection of Lodos Entomological Museum, Turkey (LEMT) of Ege University, 1zmir and Aksaray University,
Entomology Museum (A. Mol Coll.), Aksaray, Turkey. In the identification of material, Karabag et al. (1974),
Demirsoy (1975, 1977) and Salman (1978) have been followed.

3. Results

In this study, two specimens in one species belong to family of Empusidae; 31 specimens in one species belong to
family of Tarachodidae; nine specimens in one species belong to family of Mantidae have been given. As a result
of this research, a total of 42 specimens from three species were recorded for the first time in this province.

3.1. Family: Empusidae

3.1.1. Empusa fasciata Brullé, 1832

Distribution in Turkey: Recorded from Amasya, Ankara, Antalya, Bursa, Edirne, Erzurum, Eskisehir, Hatay
(Antakya), Istanbul, Izmir, Kahramanmaras, Konya, Malatya, Manisa, Nigde (Uvarov, 1930; Karabag, 1958;
Karabag et al., 1974; Demirsoy, 1977; Ciplak & Demirsoy, 1997), Amasya, Ankara, Antalya, Artvin, Bursa,

Diyarbakir, Elazig, Erzincan, Erzurum, Hakkari, Hatay, Istanbul, Izmir, Konya, Manisa, Nigde, Siirt, Sinop,
Sirnak, Van (Kemal & Kogak, 2014, 2015). This is the first locality record from Mugla province (Figure 1).

Figure 1. Distribution of Empusa fasciata Brullé, 1832 in Turkey.

Material examined: Mugla, Bodrum, Aspat, 29.111.2008, by handpicking, 1 male; 01.V.2009, by handpicking, 1
male. Totally 2 specimens.

3.2. Family: Tarachodidae

3.2.1. Iris oratoria (Linnaeus, 1758)

Distribution in Turkey: Recorded from Ankara, Balikesir, Bursa, Elazig, Erzurum, Hakkari, Hatay, istgnbul,
Izmir, Mersin (Demirsoy, 1977; Ciplak & Demirsoy, 1997), Isparta (Aver et al., 2005), Ankara, Bursa, Izmir,

Mersin, Van (Kogak & Kemal, 2010), Balikesir (Sevgili et al., 2011), Adana, Gaziantep, Mersin (Kment, 2012).
This is the first locality record from Mugla province (Figure 2).

Figure 2. Distribution of Iris oratoria (Linnaeus, 1758) in Turkey.
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Material examined: Mugla, Bodrum, Aspat, 29.111.2008, by handpicking, 1 female; 10.05.2008, by hand, 1 male;
01.V.2009, by handpicking, 1 male; 29.V1.2009, by sweep net, 1 male/female?; by sweep net, 1 male; 19.VI11.2009,
by sweep net, 1 male/female?; by sweep net, 3 females; light trap, 1 male; 09.V111.2009, by light trap, 3 males;
24.V111.2009, by sweep net, 1 male; 17.1X.2009, by light trap, 3 males; 16.X.2009, by sweep net, 1 female; by bait
trap, 1 male/female?; by light trap, 5 males; 1 female; by handpicking under stone, 1 male; 13.X1.2009, by sweep
net, 1 male; by sweep net, 2 females; 26.X11.2009, by handpicking on the ground, 1 male; by handpicking under
stone, 1 female. Totally 31 specimens.

3.3. Family: Mantidae
3.3.1. Mantis religiosa (Linnaeus, 1758)

Distribution in Turkey: Recorded from Agri, Ankara, Artvin, Bursa, Erzurum, Hakkari, Hatay, istanbul, izmir,
Kars, Manisa, Mersin, Samsun, Zonguldak (Karabag, 1958; Karabag et al., 1974; Salman, 1978), Ankara
(Memisoglu et al., 1986), Antalya (Yayla, 1983; Yayla et al., 1995), Malatya (Ciplak & Demirsoy, 1997), Isparta
(Avcr et al., 2005), Mersin (Cetin & Alaoglu, 2005), Burdur (Aydin & Avci, 2010), Balikesir (Sevgili et al., 2011),
Artvin (Sert et al., 2013), Bartin (Sert & Kabalak, 2013), Hatay (Kemal & Kogak, 2015). This is the first locality
record from Mugla province (Figure 3).

Figure 3. Distribution of Mantis religiosa (Linnaeus, 1758) in Turkey.

Material examined: Mugla, Bodrum, Aspat, 01.VII1.2008, by sweep net, 1 female; 29.V1.2009, by sweep net, 1
male; 1 male/female?; by handpicking on the ground, 1 male; 19.V11.2009, by sweep net, 1 male; 1 female; by
light trap, 1 male; 16.X.2009, by light trap, 1 male; 13.X1.2009, by sweep net, 1 male. Totally 9 specimens.

4, Discussion

As aresult of this study, three species were determined. Amongst those species |. oratoria were the most abundant
one. All species in this study, have been recorded for the first time from Mugla province of Turkey in 2008 and
20009. The number of specimens collected only in 2008 was four
(9.52 %) and in 2009 was 38 (90.48 %).

During the study, sampling was made with six different methods and according to these methods, the distribution
of the species can be seen in Table 1. When the number of the species captured by these methods was examined,
two taxa were collected by handpicking on vegetation, handpicking on the ground, sweep net, light trap, one by
handpicking understone and bait trap.

The distribution of the samples collected during this study by sampling months and years is given in Table 2. E.
fasciata was sampled in March-May, while I. oratoria was sampled in March-December and M, religiosa was
sampled in June-November.

Those three species occurring almost all regions of Turkey except high and cold areas (Demirsoy, 1977). Their
distribution in Turkey were given in Figures 1-3 in the light of recent researches.
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Table 1. Status of the studied species according to sampling methods

Sampling methods
Species Handpicking | Handpicking | Handpicking | Sweeping | Light | Bait Total
. (Number)
on vegetation | on the ground under stone net trap | trap
Empusa fasciata 2 0 0 0 0 0 2
Brullé, 1832
Iris oratoria 3 1 2 11 13 1 31
(Linnaeus, 1758)
Mantis religiosa 0 1 0 6 2 0 9
(Linnaeus, 1758)
Total number of 5 2 2 17 15 1 42
individuals
Rate (%) 11.91 4.76 4.76 40.48 35.71 | 2.38 100
Total number of taxa 2 2 1 2 2 1 3

Table 2. Status of the studied species according to sampling periods

Species / subspecies Months Years
112(3|4|5]|6[7[8|9]10)11] 12| 2008 | 2009
Empusa fasciata Brullé, 1832 + + + +
Iris oratoria (Linnaeus, 1758) + + |+ |+ |+ |+ + |+ |+ + +
Mantis religiosa (Linnaeus, 1758) + |+ |+ + | + + +
Total number of taxa 0j0f2|0]2]|2|2|2]1]|2]2]1 3 3
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Abstract

Hydrogen is an important fuel production chemical that is used both for generating electrical energy in fuel cells
and in which many chemicals can be produced. Hydrogen can be produced either by chemical methods from
petrochemical products or from biomass by fermentation. However, in order to use hydrogen as a fuel source, it
must be separated from other waste gases. Although there are many methods used for separation, the most efficient,
clean and inexpensive method is membrane gas separation. The effectiveness of this process depends on the
membrane produced. In this study, hydroxy ethyl cellulose (HEC) and polystyrene sulfonic acid (PSSA)
membranes was synthesized for selective separation of hydrogen from carbon dioxide. In order to increase the
hydrogen selectivity, natural zeolite was incorporated into polymer matrix. The effects of HEC/PSSA ratio, and
zeolite content on gas permeability and hydrogen selectivity were investigated. As the PSSA ratio increased in
HEC matrix, both the hydrogen permeability and selectivity increased. The content of zeolite also increased the
hydrogen gas separation performance. The highest selectivity of 5.69 was achieved when the HEC/PSSA ratio was
1 and the zeolite content was 20% (w/w). The separation results showed that the PSSA and natural zeolite showed
a positive effect on hydrogen purification and the membranes can be considered as a hydrogen purification
material.
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1. Introduction

Hydrogen (H:) is an important energy carrier to meet the “green energy” requirement and its energy content is
higher than other clean energy sources (Rahman et al., 2015). It is known as a promising energy source for future
zero-emission vehicles that will work with fuel cells. Hydrogen is either produced by petrochemical processes or
produced by fermentation (biohydrogen) from waste. However, biohydrogen gases contain a lot of impurities that
limits the use in fuel cell applications. After the fermentation process, the reactor contains hydrogen, carbon
dioxide, carbon monoxide, unconverted methane, and hydrogen sulfides. It is necessary to use advanced separation
techniques to obtain pure hydrogen from these gases. Membrane gas separation (MGS) is an advanced technology
(Kumar et al., 2017) where the hydrogen or other gases can be purified using selective membranes. The driving
force in MGS is the pressure difference between the sides of the membranes. Membrane gas separation is a
promising technology in terms of ease of maintenance, modularity, environmental friendliness, cheapness, and
efficient use of energy (Bakonyi et al., 2013). The performance of the system is directly related to the membrane
as well as the process conditions. For this reason, scientific studies are focus on the production of more selective,
more permeable and more durable membranes.

Non-porous membranes are used in the gas separation process (Abedini & Amir, 2010; Bernardo et al., 2009).
Gases pass through the space between the membrane material molecules, which are often Angstrong size, and their
transcription fields can be extended as required. Driving force is the pressure difference which is created between
the sides of the membranes and chemical potential gradient (Ulbrich, 2006). Since a non-porous membrane is used
in this system the separation process can be explained according to the dissolution-diffusion mechanism.
According to this model, one of the components in the feed side, which is in high pressure, dissolves on the surface
of the membrane, diffuses across the membrane and desorbs to the low-pressure side of the membrane (Sanders et
al., 2013). The most important factors affecting the passage of the desired component in the diffusion step are the
size of the structural gaps of the membrane, the size of the gas to pass through and the diffusion rate of the
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components. In case an inorganic material is used, the gas passes through the membrane occurs within the cage or
holes of particles that do not change with the operating conditions. In case of a polymeric material usage, it is
possible to change the gas permeability during the process since the transition occurs within the void spaces (free
volume) between polymeric chains. The structural movement of the polymer varies depending on the operating
conditions and the void volume changes with these movements. Gas separation with the polymeric membrane is a
commercialized technique. Polymeric membranes are more widely available, low cost, and can be modified
according to which gas is desired to be separated. Their lifetime is short, and their permeability values vary
according to the operation conditions. In addition, an increase-decrease effect is generally observed between the
permeability and selectivity of polymeric membranes (Han et al., 2010). In other words, when permeability
increases, selectivity values decrease frequently. Blend membranes in which polymers are mixed with each other
or mixed matrix membranes in which polymers are mixed with inorganic materials can be used to eliminate these
disadvantages of polymers and increase their strength. In addition, it is possible to limit the gas transfer through
the polymeric membrane by performing cross-linking (Yang & Chung, 2013; Sanders et al., 2013).

In this study hydroxyl ethyl cellulose and polystyrene sulfonic acid blend membranes have been synthesized and
used for hydrogen separation from carbon dioxide as a model gas stream. The kinetic diameter of hydrogen gas
(2.89 Angstroms) is less than that of carbon dioxide (3.30 Angstroms). Therefore, it is expected to obtain high
hydrogen selectivity. Both the hydroxy ethyl cellulose (HEC) and polystyrene sulfonic acid (PSSA) polymers are
hydrogen selective polymers due to the acid and hydroxyl groups in its structure. Therefore, blend membrane tends
to solve hydrogen in its structure rather than carbon dioxide. In order to increase the diffusion selectivity, inorganic
particle (natural zeolite) addition have been applied. The effect of zeolite addition and HEC/PSSA ratio on gas
separation have been investigated in terms of the permeability (Barrer) and H2/CO2 ideal selectivity results.

2. Materials and Methods

Hydroxy ethyl cellulose (HEC), glutaraldehyde (vol%50), polystyrene sulfonic acid were purchased from Sigma
Aldrich, Turkey. Natural zeolites were kindly supplied from Rota Madencilik, Gebze. Acetone (98% of purity)
and hydrochloric acid (37% of purity) were purchased from Merck Chemical, Turkey

2.1. Membrane preparation

For the preparation of the pristine HEC membrane, the aqueous solution containing 1.5% (by weight) was stirred
at room temperature for 24 hours until to obtain a homogeneous solution. The solution was poured onto a
polymethyl methacrylate (PMMA) surface and dried at 40 °C for two days. For the preparation of blend
membranes, varying ratio of PSSA and HEC polymers are solved in water and stirred at room temperature for 24
hours until to obtain a homogeneous solution. The solution was poured onto a polymethyl methacrylate (PMMA)
surface and dried at 40 °C for two days. HEC/PSSA weight ratio was changed from 0.5 to 2 and the membranes
were identified according to the ratio of polymers (HEC/PSSA:2, HEC/PSSA:1.5, HEC/PSSA:1, HEC/PSSA:0.5).
For the preparation of zeolite loaded HEC/PSSA membranes, equal weight of PSSA and HEC was solved in water
and 5-20% of zeolite by weight were added to the solution according to the total polymer’s weight. The solution
stirred at room temperature for 24 hours until to obtain a homogeneous solution. The solution was poured onto a
polymethyl methacrylate (PMMA) surface and dried at 40 °C for two days. In order to increase the membrane
rigidity membranes were also crosslinked with glutaraldehyde (GA) in a crosslinking bath containing 1% of GA,
1% of HCI, 23% of water and 75 % of acetone (by volume). The crosslinking procedure had been applied for two
hours, then membranes had been taken from the bath, washed with water and kept within filter paper until they
were used in gas separation process.

2.2. Gas separation
The single gas permeability of the pristine and grapheme-nanoplate (GNP) incorporated membranes were

measured by using membrane gas separation apparatus which is shown in Figure 1 (Nigiz, 2020). The single gas
permeation apparatus consists of a stainless-steel membrane cell, pressure controller and a digital flowmeter.
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Figure 1. Single-gas membrane separation test unit (Converted from Nigiz, 2020).

The effective separation area of the membrane was 19.6 cm2. The trans-membrane pressure was 2 bar at the
ambient temperature conditions. Gas permeability (P) was calculated using Equation 1;

p_ F.l
T Ap.A (1)

where F (cm®/s) is the volumetric flow rate of the single gas, Ap (cmHg) is the trans-membrane pressure, A is the
effective membrane area (cm?), | is the membrane thickness (cm). The unit of permeability (P) is Barrer (1
Barrer=107° cm?® (STP) cm/(cm? s cmHg)). The ideal selectivity of the component H,/CO, was calculated from the
ratio of permeability of the hydrogen (Pw2) to carbon dioxide (Pco2) using Equation 2;

- PHZ
H2/C02 PCOZ (2)

3. Results and Discussion
3.1. Characterization

In Figure 2, FTIR analysis of HEC/PSSA polymers containing different proportions of PSSA polymer can be seen.
The peak appeared in 3250 cm™ is corresponding to the -OH stretching vibration. The intensity of the -OH peaks
is slightly decreasing when the amount of PSSA increased in the HEC matrix. The peaks seen in the 2912 cm!
and 2850 cm regions can be attributed to the asymmetric and symmetric -CH2 bending vibration in the HEC
matrix. The intensity of these peaks is also decreasing with the increasing ratio of PSSA. The stretching vibration
peaks of C-C in aromatic structure of PSSA is observed in the 1410 cm™ region and the intensity of the peak
increases when PSSA ratio is increased. The characteristic O=S=0 stretching vibration of PSSA is also seen at
1120 cm™ (Kandeel et al., 2018).
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Figure 2. FTIR spectra of the pristine and HEC/PSSA blend membranes.

In Figure 3, FTIR spectra of the equal weight ratio of HEC and PSSA and different weight ratio of natural zeolite
are seen. The region seen in the 3254 cm band is due to the -OH stretching vibration and the intensity of this peak
decreased as the zeolite content is increased from 5wt.% to 20wt.%. The peaks seen in the 2912 cm™ and 2850
cm? regions are asymmetrical and symmetrical -CH, bending peaks. It is observed that the intensities of these
peaks also decreased as the zeolite ratio is increased. The characteristic Si-O-Al peaks of zeolites are seen at around

600 cm™.
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Figure 3. FTIR spectra of the HEC-PSSA blend and HEC-PSSA-zeolite mixed matrix membranes.

Gas passage in non-porous membranes occurs according to the dissolution-diffusion model. According to this
model, there are two important factors affecting the gas permeability and selectivity in the membrane. The
solubility selectivity of gases in the membrane, and the diffusion selectivity across the membrane. For solubility
selectivity, the membrane must have an affinity for the substance to be separated. The close solubility parameters
of the membrane and gas, their close polarities, and the appropriate chemical bond structure increase their
solubility. The solubility values of the hydroxy ethyl cellulose for hydrogen and carbon dioxide are not much
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different. Cellulose derivatives are known to be selective to hydrogen (Phair & Badwal, 2006). In the present
study, PSSA has been added to the membrane matrix in order to increase the hydrogen permeability of the
membrane. The permeability results of the gasses are shown in Figure 4.
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Figure 4. Permeability results of HEC-PSSA blend membranes.

Due to the styrene groups in the PSSA, it is seen that the permeability increases as this ratio increases (Phair &
Badwal, 2006; Ockwig & Nenoff 2007). Though the carbon dioxide permeability increases in the figure, this
increase is lower than hydrogen. Therefore, as seen in Figure 5, the hydrogen selectivity increased from 2.8 to 4
with the increase in PSSA ratio.
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Figure 5. Selectivity results of HEC-PSSA blend membranes.

Figure 6 shows the effect of zeolite content on gas permeability. Natural zeolite was incorporated into
HEC/PSSA:1 matrix. As seen in the figure, when the zeolite content increased from zero to 20wt.%, permeability
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values decreased. One of the most important factors in the increase of selectivity in gases is the diffusion
selectivity. Diffusion selectivity occurs when the diffusion rate of the target gas is higher than those of the other
gasses. In a polymer, if the ambient conditions and other effects are stable, the only way to increase the diffusion
selectivity is to change the transition pathway. Since the kinetic diameter of hydrogen gas is lower than that of
carbon dioxide, the hydrogen/carbon dioxide ideal selectivity becomes relatively high even the polymer is not
selective for one of the gasses. The diffusion of carbon dioxide can be slowed down by incorporating inorganic
materials into the polymeric matrix. Therefore, hydrogen selectivity enhances. If the inorganic material shows a
molecular sieve effect (to pass hydrogen and retain carbon dioxide), then the transition gap is becoming prominent.
Hence, both permeability and selectivity values increase for hydrogen according to the "molecular sieve™ transition
mechanism. In this study, natural zeolite (clinoptilolite) was added to the membrane to increase both the
permeability and selectivity of hydrogen. However, as can be seen from the experimental results (Figure 6), the
permeability values decreased as the zeolite content increased inside the HEC/PSSA matrix. The probable reason
for this is that the permeability values of the polymeric materials (HEC and PSSA) are much higher than those of
zeolite.
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Figure 6. Permeability results of HEC-PSSA-zeolite mixed matrix membranes.
Figure 7 shows the effect of zeolite content on Hy/CO- selectivity. When the zeolite content increased from 0 wt.%

to 20 wt.%, selectivity enhanced from 3.63 to 5.69 due to the restricted diffusion of carbon dioxide molecules
through the membrane.




UNUGUL & NiGiz Bartin University International Journal of Natural and Applied Sciences
JONAS, 2020, 3(2): 108-115

H,/CO, selectivity

Zeolite content (wt.%)

Figure 7. Selectivity results of HEC-PSSA-zeolite mixed matrix membranes.
4. Conclusions

In this study, cellulose-based hydroxyl ethyl cellulose membrane was modified to increase the hydrogen
permeability and selectivity of the membrane. First, the blend membrane was made by adding the hydrogen
selective PSSA polymer. In this way, the hydrogen selectivity and permeability of the membrane are increased.
Then, the natural zeolite was added to increase the diffusion selectivity of the blend membrane. The selectivity of
the zeolite incorporated membrane enhanced from 3.63 to 5.69. According to this study, it has been proven that
the gas separation performance can be increased with the modifications made to the membrane and the commercial
usability of the produced membranes.
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HOSPITAL GARDENS AS URBAN GREEN AREAS: THE
CASE OF TEKIRDAG (TURKEY)
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Abstract

Urban green areas are physical formations that directly affect the quality of life and space of the city in which they
are located. In the study, it is aimed to ensure the recognition of the landscape plants that constitute the main
component of the hospital gardens of Tekirdag (Turkey) district and to reveal their usage conditions according to
plant design principles. The material of the study is the woody plants in the gardens of hospitals in the Tekirdag.
In our study the plant material within the hospital gardens has been identified, the spatial suitability of these plants
have been assessed considering their dendrological and ecological characteristics and the problems and solution
proposals for these problems have been presented. With this study, the woody plant inventory of the hospital
gardens was created and it was aimed to create a model that will be effective in creating the unity in terms of plant
design in the hospital gardens and to constitute an example of plant usage for future physical development of the
area.

Key Words: Urban green areas, hospital garden, plant design, Tekirdag, Turkey.

1. Introduction

Urbanization caused by rapid population growth has increased the need for green space in this area. The negative
impacts, which the cities offer to people; crowd, air pollution and intense working tempo, cause an increase in
stress. Studies have shown that people who have green areas in their close vicinity experience an increase in coping
with distress and a decrease in depressive thinking. Thus, the importance of looking at nature and its stress relieving
effect began to be used in institutions for therapeutic purposes and green spaces where cities breathe gained
importance.

In the 19th century, hospitals began to be built on large areas near the city, with a view and sunlight, leaving wide
openings between buildings for gardening. Towards the end of the 19th century, new hospitals were built in areas
far from the city center and residential areas. In order to benefit from the healing effects of nature, vistas were
created with plants, garden and agricultural occupational therapies were added to the treatment programs (Serez,
2011).

In the health sector, from the 1950s to the 1990s, the healing effect of nature was completely avoided in hospitals.
In this process, high- rise hospital buildings were built, natural ventilation was replaced by air conditioners, open
terraces and balconies disappeared and nature and its healing effect was ignored. In the 21st century, the areas
saved for open and green areas have been minimized due to the changes in the health World (Cooper- Marcus &
Barnes, 1999). However, the recovery speed and processes of the patients are affected by the design principles of
the hospitals as well as the treatment applied. Therefore, designs of hospitals should support gaining health,
connecting to life, giving hope, keeping away from negative thoughts, resting, preventing boredom, providing
comfort and enabling establishing a relationship (Ayan, 2009).

Outdoor areas around the hospitals are important for patients, staff and visitors to relax away from the building.
For this purpose, entrance, routing, flooring and reinforcement elements, sitting areas, parking lots and vegetal
materials reserved in the outdoor spaces are significant. In the scope of this research, herbal materials in hospital
gardens will be evaluated. Planting studies vary according to environmental and climatic conditions, cultural,
social and economic structure. The main purpose in planted areas is to create an ecological environment with
vegetative elements while fulfilling aesthetic and functional requests (Atabeyoglu & Bulut, 2012). Plants have
many functions such as shielding, shading, soil protection, wind breaking and noise, dust and gas reduction
(Erkmen, 2007).
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Plants contribute healing in long- term rehabilitation and care services by activating all senses. The studies of,
investigating the traces on the human brain created by photographs of trees and natural landscapes and photographs
showing an urban settlement area, revealed that alpha waves in the brain, which are signs of relaxation and comfort,
are high in those who see natural scenery (Ulrich, 2002; Uslu, 2018). The researches conducted reveal the
importance of green areas in hospitals and their immediate surroundings (Burchett et al., 2008; Celem & Arslan,
1995; Khan et al., 2016). For this reason, the following should be taken into consideration in plant studies in
hospital gardens;

e Medical and healing effects of plants should be considered.
Plants that stimulate all the senses with their color, smell etc. should be used.
Shadowing, visual buffering, and wind shielding features should be utilized.
Wildlife habitat values are very important for hospital gardens, especially for birds and butterflies.
It is very important to notice seasonal changes. People are connected to life by these seasonal changes.
The use of thorny and poisonous plants should be avoided.
Non- allergic plants that are resistant to insects and diseases should be preferred (Serez, 2011).

Hospitals within Tekirdag province; Namik Kemal University Research Hospital, Private Star Medica Hospital,
Tekirdag State Hospital 1st and 2nd Section, Private Tekirdag Yasam Hospital, were examined in this research.
The vegetative potential of the area was revealed by literature review and on- site observations.

2. Materials and Methods

The material of the study is the woody plants in the gardens of hospitals in the Tekirdag. Tekirdag is surrounded
by Istanbul in the east, Kirklareli in the north, Canakkale in the southwest, and the Marmara Sea in the south and
southeast. The location is between 40° 36’ and 41° 31’ north latitude and 26° 43’ and 28° 08’ east longitudes (URL-
1, 2020). The hospitals examined within the scope of the research; It consists of Namik Kemal University Research
Hospital, Private Star Medica Hospital, Tekirdag State Hospital 1st and 2nd Section, Private Tekirdag Yasam
Hospital.

Figure 1. Research areas (Area 1: Namik Kemal University Research Hospital, Area 2: Private Tekirdag Yasam
Hospital, Area 3: Private Star Medica Hospital Area, 4: Tekirdag State Hospital 1st Section, Area 5:
Tekirdag State Hospital 2nd Section) (Google Earth 2020).

The planting practices that have been carried out since the foundation of the hospital gardens to the present day
have been determined by land work taking advantage of the plan notes. In planting applications, the plant taxa
planted in the hospital gardens and their dendrological characteristics and the functional and aesthetic uses
according to plant design principles are taken into consideration. In terms of functional use; visual control, motion
control, physical environment control and space creation features and in terms of aesthetic use; the size, shape,
color and tissue suitability of plants have been evaluated.

Some references were used to gather information about plant material (Symonds & Chelimsky, 1958; Symonds &
Merwin, 1963; Davis, 1965- 1985; Yaltirik, 1988; Brickell, 1996; Ansin & Terzioglu, 1998; Yiicel, 2005). In the
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stages of synthesis and evaluation, which involve the use of plants for plant design purposes, some books were
used (Korkut et al., 2010; Yilmaz & Irmak, 2004). In these research; dendrological characteristics of some plants,
application areas and characteristic features were identied in terms of plant design.

Our study the plant material within the hospital gardens has been identified, the spatial suitability of these plants
have been assessed considering their dendrological and ecological characteristics and the problems and solution
proposals for this problems have been presented.

3. Results and Discussion

In the research, woody plants which constitute the main component of the open and green areas of hospital gardens
in the Tekirdag were determined, their usage conditions were revealed and they were evaluated in terms of planting
design principles. In this context, a total of 30 woody plant taxa were identified, 23 of which were tree and 7 of
which were shrub (Table 1, Figure 2). The plant material in the hospital gardens is mostly composed of exotic
plants. Only 36.6% of the plants are natural and are found limited within the area (Table 2). This creates some
problems in terms of the adaptation of plants to the field. In addition, it has been determined that most of these
areas are covered with concrete and the use of plants is quite insufficient (Figure 3).

SRR i

Figure 3. Namik Kemal University Research Hospital, Private Tekirdag Yasam Hospital Tekirdag State Hospital.
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Table 1. Plant species identified in the hospital gardens.

Taxon Name Research Research Research Research  Research
Area l Area 2 Area 3 Area 4 Areab
Trees
Acer negundo v
Ailanthus altissima v v
Catalpa bignonioides v
Cedrus deodara v

Celtis australis

Cercis siliquastrum

Cupressus arizonica

Cupressus sempervirens v/

Cupressus macrocarpa v

Cupressus macrocarpa cv. “Goldcrest” v

Cupressus sempervirens v/

Fraxinus excelsior V4

Juglans regia v

Liquidambar orientalis v

Pinus brutia

Pinus nigra V4 V4

Pinus pinea

Platanus orientalis

Prunus cerasifera

Prunus serrulata

Robinia pseudoacacia cv. “Umbraculifera” v

Salix babylonica v

Tamarix smyrnensis v
Shrubs

Berberis thunbergii v

Buxus sempervirens v v

Juniperus chinensis v

Ligustrum vulgare

Nerium oleander

Rosa sp.

Yucca filamentosa v

NN
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4., Conclusion

Green areas in hospital gardens contribute to the urban spaces due to their plant potential and species diversity.
For this reason, necessary care should be given to the planting applications to be conducted within the hospital
gardens and design studies should be done by taking advantage of the effects of plants such as creating space,
orientation, screening, emphasizing, completing structural elements and controlling the physical environment.
Because hospital gardens have positive effects on the psychology of the users and the recovery rate of the patients
(Ulrich, 2002). Considering the size of the gardens in the research areas and the functions of the plants used, it has
been observed that they are generally insufficient. In addition there is not green area in Private Star Medica
Hospital.

In this study, for the evaluation of the woody plants of hospital gardens, a total of 30 plant taxa were identified.
The majority of these plants (63.4%) are exotic and there are some problems in the area in terms of ecological
conditions. The plants with the most intense adaptation problem are Cercis siliquastrum, Prunus serrulata and
Yucca filamentosa. Other plants in the research areas are quite insufficient. In particular, there is no plant taxon in
the garden of the Private Star Medica Hospital. However, these areas are very suitable for growing plants. Within
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the scope of the research, landscape plants were determined which are suitable for Tekirdag’s ecological conditions
and for using in hospital gardens.

With this study, the woody plant inventory of the hospital gardens was created and it was aimed to create a model
that will be effective in creating the unity in terms of plant design in the hospital gardens and to constitute an
example of plant usage for future physical development of the area.

It is suggested to increase the use of plants in the hospital gardens such as Albizia julibrissin, Betula pendula,
Ginkgo biloba, Koelreuteria paniculata, Liquidambar orientalis, Malus floribunda, Malus x purpurea, Melia
azedarach, Salix babylonica, Tilia cordata, Acer campestre, Acer pseudoplatanus and Paulownia tomentosa which
create a sense of shading and space, and provide a higher visual dependent upon their autumn colors.

On the other hand, evergreen plants create interesting and pleasant views with fruits and interesting stem patterns
in the winter season. Especially coniferous trees; It undertakes many functions such as curtain, shade, soil
protection, wind breaking, noise, dust and gas reduction. The use of plants such as; Abies hordmanniana ssp.
bornmuelleriana, Cedrus atlantica, Cedrus deodora, Cedrus libani, Chamaecyparis lawsoniana, x
Cupressocyparis leylandii, Picea abies, Picea pungens can be suggested in research areas on this subject. The use
of thorny and poisonous plants such as Rosa sp., Yucca filamentosa and Nerium oleander which are found in the
research areas should be avoided. Instead of these, scented and visual plants such as Abelia x grandiflora, Cornus
sanguinea, Lavandula angustifolia and Philadelphus coronarius may be preferred.
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