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Bazi Pamuk (Gossypium hirsutum L.) Cesitlerinin
Cimlenme ve Erken Fide Gelisimi Donemlerinde Tuz

Stresine Olan Tepkileri

Reactions of Some Cotton (Gossypium hirsutum L.) Varieties to Salt Stress During Germination
and Early Seedling Development

OZET

Tuz stresi bitkilerin biiylime ve gelismesini olumsuz
etkileyerek verim kayiplarina neden olan en onemli abiyotik
stres faktorlerinden biridir. Bitkiler ¢imlenme ve erken fide
gelisim donemlerinde daha hassas olduklart i¢in tuzlulugun
bitkiler {izerindeki olumsuz etkisini bu donemlerde belirlemek
daha uygundur. Bu ¢alisma farkli tuz dozlarinin bazi pamuk
tohumlarinda ¢imlenme ve erken gelisim dénemlerine olan
etkisini incelemek amaciyla tesadif parsellerinde faktoriyel
deneme deseni uyarinca 3 tekerriirlii olarak kontrollii kosullarda
yurttilmugstir. Denemede PG-2018, Edessa, Flash, BA-308
pamuk cesitleri materyal olarak kullanilmig ve NaCI dozlar1 0
(kontrol), 4, 8, 12 dS m™ olacak sekilde ayarlanmistir. Kontrol
parseline tuz yerine saf su kullanilmigtir. 10 giinliik bir ¢imlenme
periyodunun sonunda bitkilerin; kék uzunlugu, sap uzunlugu,
fide boyu, fide yas agirhigi, fide kuru agirhigi ve ¢imlenme hizi
degerleri incelenmigtir. Deneme sonucunda elde edilen verilere
gore kok uzunlugu, sap uzunlugu, fide boyu, fide yas agirligs ve
cimlenme hizi 6zelliklerinde ¢esit, doz ve gesit ve doz interaksiyonu
arasinda istatistiksel olarak énemli farkliliklar bulunurken fide
kuru agirhiginda cesit ve dozlar arasindaki farkliliklar 6nemli
¢tkmigur. Calismada artan tuz konsantrasyonlarinda incelenen
butiin 6zelliklerin olumsuz etkilendigi ve tuz stresine karsi
olumlu yonde 6ne ¢ikan pamuk ¢esidinin PG-2018 oldugu ve 4

dS m" dozuna tolerans gosterdigi dikkati gekmistir.




Anahtar Kelimeler: Pamuk, NaCl, tuzluluk, ¢cimlenme
hizt

ABSTRACT

Salt stress is one of the most important abiotic stress
factors that negatively affect the growth and development
of plants and cause yield losses. Plants are more sensitive
to stress factors during germination and early seedling
development. It is more appropriate to determine the
negative effects of salinity on plants during these periods.
This study was carried out to examine the effects of different
salt doses on germination and early development of some
cotton seeds. The study was carried out in randomized plots
in a factorial experimental design with 3 replications under
controlled conditions. PG-2018, Edessa, Flash, BA-308
cotton varieties were used as materials in the experiment
and the salinity doses (NaCl applications) were adjusted
as 0 (control), 4, 8, 12 dS m™. At the end of a 10-day
germination period, the plants; Root length, petiole length,
seedling height seedling fresh weight, seedling dry weight
and germination rate values were investigated. According
to the data obtained as a result of the experiment, there are
statistically significant differences between variety, dose and
variety and dose interaction in root length, petiole length,
seedling height seedling fresh weight, germination rate.
Differences between varieties and doses were significant in
seedling dry weight. All properties were negatively affected
by increasing salt concentrations in the study. It is among
the results that the most resistant variety to salt stress was
PG-2018 and tolerates a dose of 4 dS m™.

Key Words: Cotton, NaCl, salinity, germination rate
Girig

Pamuk basta tekstil olmak tizere birgok sanayi dalina
hammadde saglayan 6nemli bir lif bitkisidir. Cesitli kullanim
alanlar1 olan pamuk bitkisinin diinya genelinde en 6nemli
ozelligi dogal lif kaynagi olmasidir. Bircok iilkenin degerli
tarim {irtinleri arasinda yerini alan pamugun egsiz lifler,
tekstil sektoriiniin lokomotifi durumundadir. Giiniimiizde
tekstil ve hazir giyim riinlerinde sentetik liflerin

kullanilmasindaki artis pamugun kiiresel lif pazarindaki

payini %35’e kadar diistirse de tekstilde ve tbbi kullanimda
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girdi olarak kullanilan baslica dogal lif pamukeur.
Yenilenebilir bir kaynak olan pamuk bu 6zelligi ve asla
yeri doldurulamayisi ile dogal kaynaklar, sermaye ve isgiicti
gibi ekonomik faktorlerin istihdamini saglayabilmekte
ve ekonomiye biiyiik bir katkida bulunmaktadir (Tokel,
2021). Pamugun cigit ad1 verilen tohumundan elde edilen
yag, insan beslenmesinden kozmetik sanayiye kadar birgok
farkli islevde degerlendirilirken yagi cikarildiktan sonra
agiga cikan kiispesi ise hayvan beslenmesinde 6nemli bir
yem kaynagi olarak degerlendirilmektedir. Pamuk, iretim ve
titketim agilarindan, diinya genelinde 68 iilkenin dogrudan
ilgi alaninda olan bir endiistri bitkisidir; bu iilkelerin
45’inde hem iiretilmekte hem de tiiketilmekte (Sanayide
ham madde olarak kullanilmakta), geri kalan 23 iilkede
ise sadece titketilmektedir. Bu yayginligina karsilik diinya
pamuk iiretiminin neredeyse tamami (%99.5) iilkemizin 6.
sirada yer aldig1 10 biiyiik pamuk tireticisi tilke tarafindan
gerceklestirilmektedir; bunlar  Cin, Hindistan, ABD,
Brezilya, Avustralya, Tiirkiye, Pakistan, Ozbekistan Arjantin
ve Yunanistan olarak siralanmakeadir. Ulkemizde pamuk
bilangosundaki olumsuzluklar nedeniyle gerileme egilimine
giren pamuk ekim alanlar1 2020/21 sezonundaki son kirk
yilin en disiik degeri olan 359 bin ha seviyesindeyken
bilangodaki iyilesmeyle 2021/22 sezonunda 432 bin ha'a
yiikselmis, ayni sezonda bilangonun iyilesmesi sonucunda
ekim alanlari artarak 2022/23 sezonunda 550 bin ha’a
yiikselmistir (Ulusal Pamuk Konseyi, 2022). Diinyada 47°
kuzey ve 35° giiney enlemleri arasinda pamuk tariminin
en iyi sekilde yapilabilecegi bildirilmistir (Dochia vd.,
2012). Birgok farkl: tiirii olan pamugun diinya genelinde,
vejetasyon siiresi orta-uzun, verim ve randiman degerleri
yiiksek olan Gossypium hirsutum tiriiniin tarimui yapilan
pamuklarin %95’ini olusturdugu bildirilmistir (Kéken ve
Ilker, 2020). Diinyada ve tlkemizde tekstil sektortintin
ana hammaddesi olarak degerlendirilen pamugun sosyal,
kiiltiirel ve ekonomik baglamda yetistiriciligi yapilan
tilkeler acisindan vazgecilmez bir endiistri bitkisi oldugu
belirtmislerdir (Bayram ve Yalinkilig, 2022).

Abiyotik stres faktorlerinden biri olan tuzluluk, diinya
genelinde pamuk tarimini olumsuz etkileyerek verim ve

kalite kayiplarina neden olan énemli stres etmenlerinden

biridir (Sharif vd., 2019). Orta derecede tuza dayanikli

— >



olan pamugun 7.7 dS m™ seviyelerine kadar olan tuzlu
topraklarda yetisebilecegi bildirilmistir (Zhang vd., 2013).
Diinya genelinde sulanan tarim alanlarinin yaklagik 45
milyon hektari tuzdan etkilenmekte ve tuzluluk yilda 27.3
milyar dolar zarara neden olmaktadir (Anschiitz vd., 2014).
Jamil vd., (2011) Diinyada tarim: yapilan alanlarin %20
sinin, sulanan arazilerin ise %33’iiniin tuzdan etkilendigini
ve bu oranin giderek artacagini, 2050 yilina gelindiginde
tarim alanlarinin %50%sinden fazlasinin tuzdan olumsuz
etkilenecegini bildirmistir. Kibria vd., (2019), diinyadaki
toplam tarim arazisinin %7’sinin, ekili tarim arazilerinin
%20’sinin ve sulanan arazilerin yaklasik yarisinin toprak

tuzlulugundan etkilendigini bildirmistir.

Toprakta yiiksek konsantrasyonlarda bulunan tuz,
bitkilerin ¢imlenme giiciinti zayiflaur ve bu durum
fidelerin yasam kalitesini azaltur (Carvalho vd., 2011).
Diinya genelinde tarimsal tiretimin yapildigi kurak ve yari
kurak alanlarda giderek artan tuzluluk problemi, toprakta
ozellikle bitkilerin kok bolgesinde ¢oziilebilir tuzlarin
birikmesiyle ozmotik basincin artmast sonucu bitkinin
biiytimesini olumsuz bir sekilde etkileyerek su alabilme
ve kullanabilme potansiyelini azaltr (Moreno vd., 2018).
Bitkide cesitli metabolik degisikliklere neden olan tuz
stresinin bitkideki ilk belirtileri olan siirgiin biiyiimesinde
azalmanin yaninda bitkide genel bir biiytime bozukluguna
yol agarak bitkinin fotosentez aktivitesini azaltir ve bitkinin

erken yaslanmasinda rol oynar (Munns, 2002).

Khorsandi ve Anagholi, (2009) tuz stresine maruz kalan
pamuk tohumlarinda ¢imlenme ve ¢ikis evrelerinde kontrol
gruplarina gore gecikmeler meydana geldigini ve 10 dS m™
tuz konsantrasyonunda ¢imlenmede azalmanin meydana
geldigini belirtmislerdir. Guo-Wei vd. (2011) ise 15-20 dS
m tuzluluk stresine maruz kalan bitkilerin normal bitkilere
kiyasla cikiglarinin 4-5 giin geciktigini savunmusglardir.
Pamugun ¢imlenme déneminde meydana gelen olumsuz
faktorler bitkinin diger gelisim dénemlerini de etkileyerek
verim ve kalite kayiplarina neden olmaktadir. Tuzluluga
orta dayanikl bitkiler sinifinda yer alan pamuk, yiiksek tuz
konsantrasyonunda ¢imlenme, ¢igeklenme, tarak ve koza
olusumu gibi biiytime evrelerinde tuz stresinden olumsuz
etkilenir ancak tuzluluga en hassas oldugu evre bitkinin
erken fide olusum dénemidir (Khan vd., 1998). Bircok

—
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aragtirmact tuzlulugun pamukta verim ve kalite kayiplarina
neden oldugunu yiiksek tuz konsantrasyonlarinin verimi
%50 oraninda azalurken lif inceligi, lif esnekligi ve lif
olgunlugu gibi lif kalite kriterlerini de olumsuz etkiledigini
bildirmislerdir (Longenecker 1974, Maas ve Hoffman
1977, Sharif vd., 2019). Gereginden fazla sulama yapilmasi,
topragin yanlis ve diizensiz kullanilmasi gibi etmenlerin
pamuk gibi yogun bir bicimde sulanarak yetistirilen
tarlalarda toprak tuzluluguna yol acug bildirilmektedir
(Avcr vd., 2020). Pamuk kritik bir tuz tolerans degerine
sahiptir ve bunun tizerindeki tuzluluk verimi 6nemli 6l¢iide
azaltmaktadir (Chen ve vd., 2020a).

Bitkilerin tuz stresinden en az diizeyde etkilenmesini
saglamak ve bu durumdan kaynaklanan verim kayiplarini
onleyebilmek i¢in tuzlu topraklara dayanikli genotiplerin
gelistirilip tiretim desenine alinmast biiyiik onem arz
etmektedir. Bu ¢alisma Gossypium hirsutum tiirtine ait bazi
ticari pamuk gesitlerinde farkli tuz konsantrasyonlarinin,
¢imlenme ve erken fide gelisim donemlerine etkisini

aragtirmak amaciyla kontrollii kosullarda yurttilmustir.

Materyal ve Yontem

Deneme Mus Alparslan  Universitesi Uygulamali
Bilimler Fakiiltesi'nde laboratuvar sartlarinda kontrollii
bir sekilde yirttilmistir. Bu calismada  Gossypium
hirsutum tiriine ait Flash, BA-308, PG-2018, Edessa
pamuk cesitleri materyal olarak kullanilmistur. Calisma
tesadiif parsellerinde faktdriyel deneme desenine goére 3
tekrarlamali olarak ytritilmistir. Denemede kullanilan
tohumlarin sterilizasyonu icin %2’lik sodyum hipoklorit
¢ozeltisi hazirlanmis ve beherlerde bulunan tohumlarin
tizerine eklenmistir. Beherler 5 dakika boyunca calkalanmig
ve tohumlarin sterilizasyonu saglanmistir (Ertekin vd.,
2022; Sahin ve Akgali, 2016). Daha sonra tohumlar 5 defa
saf su ile yikanarak icerisine gift katl: filtre kagidi (whatman
No:1) yerlestirilen petri kaplarina her bir petri kabina 25
adet tohum gelecek sekilde dizilmistir. 11 cm ¢ap ve 10 mm
yiiksekligindeki petri kaplarina yerlestirilen tohumlarin
kurumasi icin petri kaplari bir siire agik birakilmis ve

tohumlar kuruduktan sonra iizerlerine hazirlanan tuz

konsantrasyonlar: eklenmistir.




Petri kaplarinin igine yerlestirilen tohumlarin tizerine
filtre kagidinin tamamuni islatacak sekilde kontrol grubuna
12 ml saf su, tuzluluk konsantrasyonlari ise onceki
caligmalara dayanarak belirlenen 4, 8 ve 12 dS m™ olacak
sekilde (Ahmad vd., 2002) 12 ml olarak uygulanmistir
(Shokouhian ve Omidi, 2021). Petri kaplarinin etrafi
buharlasmadan dolayr meydana gelecek nem kayiplarinin
onlenmesi i¢in parafilm ile sarilmistir. Tuz konsantrasyonlari
hazirlanirken safiyeti %99 olan sodyum kloriir (NaCl) ve
steril saf su kullandmistir (Coons vd., 1990). Hazirlanan
tium petri kaplari iklim dolabinda 25 °C’de %70 nispi nemde
cimlendirmeye birakilmig ve 10 giin boyunca ¢imlenen
tohumlar her giin ayni saatte (24 saatte bir) sayilmistir
(Ertekin vd., 2022; Sahin ve Akcali, 2016.). Denemede
10 giinliik ¢imlenme periyodunun sonucunda 2 mm
kokgiik uzunlugundaki tohumlar ¢imlenmis olarak sayilmus
(Mostafavi, 2012) ve cimlenen tohumlarda ¢imlenme hizi,
ortalama ¢imlenme siiresi, rastgele secilen 10 bitkinin ise

kok uzunlugu, sap uzunlugu, fide boyu, fide yas agirlig:

M
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ve fide kuru agirligr degerleri incelenmistir. Cimlenme
Hizi (%): Her giin ¢imlenen tohum oraninin(Gi), sayim
giinlerine(Tt) bolinmesiyle (GI=X(Gi/Tt) formili ile
bulunmugstur (Wang vd., 2004). Ortalama Cimlenme
Stiresi (MGT): Ellis ve Roberts, (1980)’1n belirttigi sekilde
cimlenen tohum sayist (f) ile ¢imlenme giin sayist (x)
carpimlart toplaminin toplam ¢imlenen tohum sayisina
boliinmesi (MGT=X(fx)/Zf) formiilii ile elde edilen
deger ortalama ¢imlenme siiresi olarak hesaplanmistir
(Ellis ve Roberts, 1980).Calismadan elde edilen veriler;
JMP istatistik paket programindan faydalanilarak varyans
analizleri yapilmis ve ortalamalar arasindaki farkliliklar ve

coklu kargsilagtirmalar LSD testine gore hesaplanmustir.

Aragtirma Bulgular1 ve Tartigma

Pamuk cesitlerinin farkli tuz dozlarina karsi kok
uzunlugu, sap uzunlugu ve fide uzunlugu degerleri tablo

1’de verilmistir.

Tablo 1. Farkli tuz dozlarinda pamuk cesitlerinin kok uzunlugu, sap uzunlugu ve fide boyu degerleri

Ké6k uzunlugu (mm)

Doz / Cesit PG-2018 BA-308 Edessa Flash Ortalama
Kontrol 13.37 a 13.27 a 11.70 abc 12.47 a 12.70 a
4dS m! 12.97 a 10.67 bc 8.50d 12.33 ab 11.12b
8 dS m™ 8.53d 5.20 ef 4.97 ef 10.53 ¢ 7.31c
12 dS m" 3.47 f 143 ¢ 0.00 g 6.47 2.84d
Ortalama 9.58" 7.64 6.294 10.45 ¢
CV (%) 18.77
LSD, .., C: 0.73** D:0.87** CxD: 1.74**

Sap uzunlugu (mm)
Doz / Cesit PG-2018 BA-308 Edessa Flash Ortalama
Kontrol 28.67a 27.60 ab 26.33 abc 25.50 be 27.03 a
4dS m’! 27.53 ab 22.33d 17.17 e 2433 cd 22.84b
8 dS m™ 14.87 ef 830¢g 4.77 h 12.20 f 10.03 ¢
12 dS m" 3.27 hu 1.20 0.00 | 3.63 hi 2.02d
Ortalama 18.58 a 14.86 c 12.07d 16.42 b
CV (%) 16.22
LSD .. C: 1.40 = D: 1.41** CxD: 2.82**

Fide boyu (mm)

Doz / Cesit PG-2018 BA-308 Edessa Flash Ortalama
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Kontrol 41.00 a 40.69 a 34.77 b 37.47 ab 38.48 a
4dS m?! 40.50 a 33.00 b 25.67 ¢ 36.67 ab 33.96 b
8 dS m™! 26.73¢ 13.50d 9.73 de 22.73 ¢ 18.18 ¢
12dS m*! 6.73 ef 2.63fg 0.00 g 10.10 de 4.87d
Ortalama 28.74 a 22.46b 17.54 ¢ 26.74 a

CV (%) 12.96

LSD .., C:2.19% D: 2.34** CxD:5.20 **

**: p < 0,01 seviyesinde 6nemli, 6d,: onemli degil, CV: Diizeltme Katsayisi, LSD: Asgari 6nemli farklilik, C: Cesit, D: Doz, CxD:

Cesit ve Doz interaksiyonu

Tablo 1 incelendiginde kék uzunlugu bakimindan
uygulanan tuz dozlari arasinda farkliliklarin olustugu ve
en uzun kokgiiklere sahip olan grubun kontrol oldugu,
tuzluluk siddeti arttik¢a kok uzunlugunda azalma meydana
gelmistir.  Cesitler uygulanan tuz dozlart agisindan
karsilastirildiginda Flash cesidi 10.45 mm ile en yiiksek
kok uzunluguna sahip olurken anilan 6zellik agisindan
en diisiik degeri ise Edessa c¢esidi (6.29 mm) almistr.
Silberbush ve Ben-Asher (1987) tuz stresinin pamukta
ozellikle ¢imlenme donemlerine olumsuz etki ettigini
tuzluluk seviyesinin yiiksek oldugu ortamlarda bitkilerde
kok uzunlugu ve sagak kok sayisinda azalmalarin meydana
geldigini bildirmiglerdir. Leidi (1994), yapug: calismada
yiiksek tuz konsantrasyonlarda birincil koklere oranla sagak
koklerin daha fazla olumsuz etkilendigini hatta diisiik tuz
konsantrasyonlarinda bile sagak kok sayisinda azalmalar
meydana geldigini, Shaheen vd., (2012) ise pamugun farkli
biiytime evrelerinden ozellikle ¢imlenme dénemindeki
kok uzunlugu ve sagak kok sayisinin tuzluluktan olumsuz
etkilendigini savunmuslardir. Konu ile ilgili arastirmacilarin
farkl: bitkilerde yaptiklari ¢aligmalarda tuz konsantrasyonu
arttikca kok uzunlugunun azaldigr ve anilan 6zelligin tuz
stresi agisindan onemli bir parametre oldugu sonucuna

vartmigtir (Kara vd., 2011, Siirmen vd., 2018, Avci, 2019).

Sap uzunlugu bakimindan tuz konsantrasyonlar:
arasinda onemli farkliliklar bulunmus ve en yiiksek sap
uzunlugu degeri kontrol grubundan alinmisur (Tablo
1). Tuzlulugun siddeti artik¢a sap uzunlugu ortalamalar:
azalmis ve anilan 6zellik agisindan en diisiik deger 12 dS
m™ tuz konsantrasyonunda gériilmistiir. Denemeye alinan
gesitlerin sap uzunlugu bakimindan tuz konsantrasyonlarina
karsi tepkileri incelendiginde PG-2018 c¢esidinin en iyi

degeri aldig1 ve bu ¢esidin tuz stresinden nispeten daha az

H—
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etkilendigi goriilmiistiir. Edessa gesidi ise 12,07 mm ile en
disiik degeri alarak anilan ozellik bakimindan tuzluluga
en hassas cesit olarak kaydedilmistir. Tuz stresi pamukta
stirgiin/kok oranini 6nemli 6lgiide olumsuz etkilemektedir
(Khan vd., 1995, Ahmad vd., 2002; Chen vd.,. 2020b).
Sharif vd., (2019) pamugun tuza orta derecede toleransli bir
bitki oldugunu fakat yiiksek tuz yogunluklarinin pamukta
vejetatif  biiylimeyi  olumsuz etkiledigini  bildirmistir.
Manikandan vd., (2019) tuz stresinin pamugun gelisiminde
onemli etkisinin oldugunu 6zellikle fide dSneminde yiiksek
tuzlulugun bitkinin kok ve govde gelisimini yavaslattugini

beliremiglerdir.

Fide boyu y6niinden denemeye alinan cesitler farkli
tuz konsantrasyonlarinda birbirlerinden farkli gruplara
ayrilmuglardir (Tablo 1). Tuzlulugun siddeti artk¢a fide
boyunda azalmalar meydana gelmis ve en diisiik fide boyu
en yiiksek tuz konsantrasyonu olan 12 dS m™ dozunda
goriilmiistiir. Denemeye alinan gesitlerin tuz stresine kars
verdikleri tepki karsilagtirildiginda ortalama 28,74 mm ile
en yiiksek fide boyuna sahip olan PG-2018 ¢esidinin diger
gesitlere oranla tuzluluga daha dayanikli oldugu Edessa
gesidinin ise daha hassas oldugu goriilmektedir (Tablo
1). Adams vd., (2011) orta derece tuzlu olan topraklarda
pamugun kdk uzunlugu ve yaprak kalinliginin artugini
bildirirken Leidi vd., (1991) tuzlulugun pamukta siirgiin
gelisimini azaltarak kok/govde oranini  distirdiigiint
bildirmigtir. Konu ile ilgili yapilan ¢aligmalar, abiyotik stres
kosullarinda pamukta kék uzunlugu, govde uzunlugu,
kok-gévde oranlart gibi 6zelliklerin olumsuz etkilendigi
ve iiretim desenine alinacak cesitlerde bu &zelliklerin
dikkatte alinmasi gereken 6nemli parametreler oldugunu
gostermistir (Ashraf ve Ahmad, 2000, Basal vd., 2006,
Dewi, 2011).
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Tablo 2. Farkli Tuz Dozlarina Kargi Pamuk Cesitlerinin fide yas agirligy, fide kuru agirligi ve cimlenme hizi degerleri

Fide yas agirlig1 (mg)
Doz / Cesit PG-2018 BA-308 Edessa Flash Ortalama
Kontrol 23.37 a 23.10 ab 22.50 abc 20.73 be 2243 a
4dS m’! 23.20 ab 19.90 ¢ 15.80 de 20.70 be 19.90 b
8 dS m™ 16.87 d 13.57 ef 12.67 £ 11.87 fg 13.74 c
12dS m™ 9.20 h 7.37 h 0.00 1 9.37 gh 6.48d
Ortalama 18.16 a 15.98 ab 12.74 c 15.67 b
CV (%) 19.87
LSD . C: 2.28** D: 1.30** CxD: 2.61**
Fide kuru agirligs (mg)
Doz / Cesit PG-2018 BA-308 Edessa Flash Ortalama
Kontrol 12.53 12.17 11.37 12.40 12.12a
4dS m?! 11.10 10.13 7.43 11.60 10.07 b
8dSm"! 9.00 5.37 5.63 8.47 7.12 ¢
12dS m™ 3.73 1.97 0.00 2.47 2.04d
Ortalama 9.09 a 7.41b 6.11c¢ 8.73a
CV (%) 15.18
LSD, .o C: 0.982** D: 1.010** CxD: 6.d
Cimlenme hiz1 (%)
Doz / Cesit PG-2018 BA-308 Edessa Flash Ortalama
Kontrol 93.33a 89.33 ab 98.67 a 94.67 a 94.00 a
4dS m'! 80.00 b 88.00 ab 78.67 bc 93.33a 85.00 b
8dS m! 68.00 cd 61.33 de 50.67 e 60.00 de 60.00 ¢
12 dS m! 24.00 £ 4.00 gh 0.00 h 14.67 fg 10.67d
Ortalama 66.33 60.67 57.00 65.67
CV (%) 9.62
LSD, .o C:6.d D: 5.284** CxD: 10.56

**: p < 0.01 seviyesinde 6nemli, 6d,: onemli degil, CV: Diizeltme Katsayisi, LSD: Asgari 6nemli farklilik, C: Cesit, D: Doz, CxD:

Cesit ve Doz interaksiyonu

Tablo 2°de fide yas agirligy, fide kuru agirligi, cimlenme
hizt degerleri verilmistir. Fide yas agirligt bakimindan en iyi
deger kontrol grubundan alinirken tuzluluk dozlarr arttik¢a
bu deger azalmis ve anilan 6zellik agisindan en diisiik deger
en yiiksek tuz konsantrasyonu olan 12 dS m™ dozunda
goriilmistiir. Fide yas agirligi agisindan gesitler arasinda
onemli farkliliklar bulunmus ve en yiiksek degeri PG-2018
(18.16 mg) cesidi alirken en diisiik degeri ise 12,74 mg ile
Edessa ¢esidi almustir. Calismada tuzlulugun siddeti arttikea
bitkilerin kék ve sap boylarinda azalma goriilmesi fide yas
agirhigina da etkisinin oldugu diisiintilmektedir. Loka vd.,

(2011) tuzluluk gibi abiyotik stres faktorlerinin pamugun
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morfolojik ve fizyolojik yapisinda birgok degisiklige neden
oldugunu ve tuz stresinin pamukta biiytimeyi yavaslatarak
hem yashem de kuru agirliginda azalmalara neden oldugunu
bildirmistir. Ahmad vd., (2002) ve Guo-Wei vd., (2011) tuz
stresinin pamugun ¢imlenme ve fide gelisim dénemlerinde
biiylimeye olumsuz etki ettigini ve bu durumun bitkide
agirlik kaybina neden oldugunu savunmuslardir. Konu ile
ilgili farkli bitkilerde benzer ¢aligmalar yapan aragtirmacilar
tuzlulugun bitkinin fide yas agirligint olumsuz etkiledigini
bildirmislerdir (Demirkol vd., 2019, Ozkorkmaz ve Oner,
2022, Turk ve Alagdz, 2020).

—— >




tabloda fide
incelendiginde, en yiiksek fide kuru agirlik degeri kontrol

Yine ayni kuru agihigr  ozelligi
grubundan elde edilmistir. Tuzluluk dozlari artukea fide
kuru agirliginda azalmalar goriilmiis ve anilan 6zellik
acisindan en disiik deger en yiiksek doz olan 12 dS m™
grubundan alinmustir. Tuz stresinin gesitler tizerindeki etkisi
incelendiginde ortalamalar dikkate alinmis ve en yiiksek
kuru agirlik degeri 9.09 mg ile PG-2018 cesidinden, en
disiik deger ise 6.11 mgile Edessa ¢esidinden elde edilmistir.
Ahmad vd., (2002) ve Guo-Wei vd., (2011) ¢imlenme
doneminde yiiksek tuzlulugun, pamuk fidelerinin kok ve
sap kuru agirliklarinda 6nemli derecede azalmalara neden
oldugunu bildirmislerdir. Soliman vd., (1980), toprakta
tuzlulugun artmasinin bitki kok gelisimini 6nemli 6l¢iide

azaltugini ve bu durumun da fide yas ve fide kuru agirhigini

olumsuz etkiledigini bildirmistir.

farkls

konsantrasyonlarinda ¢imlenme hizi agisindan ortalama

Denemeye  alinan  tohumlarin tuz
degerleri Tablo 2'de verilmigtir. Anilan 6zellik agisindan
cesit farkliligi énemli bulunmamis, doz ve gesit x doz
interaksiyonu 6nemli ¢tkmisur. En  yiiksek ¢imlenme
hizi degeri %94.00 ile kontrol (saf su) grubundan elde
edilirken tuzluluk dozlart arttikga bu oran azalmis ve en
diisiik deger 12 dS m™ dozunda goriilmiistiir. Edessa ¢esidi
kontrol uygulamada en yiiksek ¢cimlenme hizi gosterirken,
yine Edessa ¢esidi 12 dS m™ dozunda en diisiik ¢cimlenme
hizi degeri gostermistir. Cesit x doz interaksiyonunun
onemli olmast cesitlerin tuz dozlarina karsi tepkilerinin
farkli olabilecegini gostermektedir. Munawar vd., (2021),
farkli pamuk genotiplerinin tuz stresine karst tepkilerini
aragtirdigi calismasinda en yiiksek tuz dozu olan 20 dS m™' de
¢imlenme 6zelliklerinin olumsuz etkilendigini bildirmistir.

Bagal vd., (20006),

pamugun biyokiitle agirhigi ve ¢cimlenme hizinda azalmaya

yliksek tuz konsantrasyonlarinin,

neden oldugunu, Chen vd., (2021) tuz stresinin pamuk

tohumlarinin ~ ¢imlenmesi {izerine 6nemli etkisinin

oldugunu, yiiksek tuz konsantrasyonlarinda (150 mM)
tohumlarin ¢imlenme hizinda azalma meydana geldigini

belirtmistir.

g—
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Sekil 1. Farkli pamuk ¢esitlerinin 10 giinlitk deneme

periyodu boyunca ¢imlenen tohum sayilari

Sekil 1de

dozlarina kargi gesitlerin ¢imlenme sayilari verilmistir.

deneme periyodu boyunca tuzluluk
Kontrol grubunda denemeye alinan petri kaplarindaki
tohumlarin hemen hemen hepsi ¢imlenirken 4 dS m™ tuz
konsantrasyonunda ¢imlenen tohum sayisi kontrol grubuna
gore nispeten azalmisur. 8 dS m™ dozunda denemeye
alinan tohumlarin ¢imlenme sayisinda biiyiik bir azalma
gozlemlenmis ve en disiik ¢imlenen tohum sayisi Edessa
cesidinde gdzlemlenmistir. En yiiksek tuzluluk dozu olan
12 dS m™de Edessa ¢esidinde ¢cimlenme gozlemlenmezken

PG-2018 ¢esidinde 25 adet tohumdan 6 tanesi ¢imlenmistir.

Sonug

Pamuk, tuzluluga orta derece dayanikli bir bitki
olarak bilinse de yapilan ¢aligmalar ¢imlenme ve erken
fide gelisimi gibi kritik biiyime dénemlerinde yiiksek
tuz konsantrasyonlardan  olumsuz  etkilenebilecegini
gostermigtir. Diinyada 6zellikle sulu tarimin  yapildig
bolgelerin gogunda biiyiik bir sorun teskil eden toprak
tuzlulugu pamuk ekim alanlarini da  etkilemektedir.
Pamukta tuz stresine karsi etkin miicadele ydntemlerinden
biri de tuzluluga dayanikli cesitlerin gelistirilerek {iretim
desenine alinmasidir. Tuz stresi pamuketa ¢esitli biyokimyasal
ve fizyolojik siireglerin isleyisini bozarak bitkide bodur
biiylimeye neden olmaktadir. Farkli pamuk cesitlerinin
¢cimlenme déneminde tuz stresine olan tepkilerinin
incelendigi calismada ele alinan biitiin 6zellikler yiiksek tuz

konsantrasyonlarindan olumsuz etkilenmistir. Denemenin




materyalini olusturan ¢esitlerden Edessa tuzluluga en
hassas ¢esit olarak belirlenirken, PG-2018 ¢esidi incelenen
ozellikler yoniinden strese karst olumlu yénde 6ne ¢ikmugtur.
Sonug olarak, yapilan ¢imlendirme caligmalari pamuk
tuza toleranslarinin

genotiplerinin degerlendirilmesi

agisindan 6nem arz etmekeedir.
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Bazi1 Cilek Cegsitlerinde Bor ve Bal Aris1 Uygulamalarinin
Tozlanma Basaris1 Uzerine Etkileri

Effects of Boron and Honey Bee Treatments on Pollination Sucess in Some Strawberry Cultivars

Ozet
SorunfluYazar 1 Bu ¢alismada, bal arilarinin oldugu ve olmadig: yetistirme
SzﬁzggzlziiKARGI ortamlar1 ile B giibresinin farkli sekillerde uygulanmasinin
0000-0001-5781-8591 Fortuna ve Rubygem ¢ilek ¢esitlerinde tozlanma bagarisi tizerine
etkileri incelenmistir. Calisma Ispanyol tipi yiiksek tiineller
Yazar alunda yirttilmisgtiir. Tiinellerin birinde tozlayict olarak ar
Senay KARABIYIK faaliyetine izin verilmesine karsin, diger tiinel monofilament
@cu.edu.tr beyaz renkli dokuma tiilii ile tiinel plastigi {izerinden tamamen
0000-0001-8579-6228 kapatilarak ar1 faaliyetine izin verilmemistir. Topraktan,
yapraktan ve toprak+yapraktan yapilan bor uygulamalar
Yazar kontrol bitkileri ile yetistirme sezonu boyunca tozlanma basarisi
Mehmet Ali SARI DAS bakimindan kargilastirilmistir.
@cu.edu.tr

Calismasonucunda tozlanma basarisinin ari faaliyetiyle iligkili
0000-0002-5180-1874 oldugu, fakat ¢eside gore farkli B uygulamalari ile arturilabilecegi,
incelenen donem igerisindeki iklimsel faktorlerin ise tozlanma

basarisi tizerine etkisinin 6nemsiz oldugu belirlenmistir.

Anahtar kelimeler: Fragaria x ananassa, tohum, ¢igek tozu,

ar1, dollenme biyolojisi

Abstract

In this study, the effects of growing environments with

1 Gukurova Universitesi, Ziraat Fakiiltesi, Bahge Bitkileri and without honeybees and application in different ways of B
Béliimii, 01330 Adana/Tiirkiye . o ) o
Génderilme Tarihi : 15 Agustos 2023 fertilizer, which is known to be effective on pollination success

Kabul Tarihi : 11 Ekim 2023 of Fortuna and Rubygem strawberry cultivars, were investigated.
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This study was carried out under Spanish type high tunnels.
Although bee activity is allowed as pollinator in one of the
tunnels, the other tunnel was completely closed over the
tunnel plastic with monofilament white woven tulle and
bee activity was not allowed. Boron applications applied
from soil, leaves and soil + leaves were compared with
control plants in terms of pollination success during the

cultivation season.

It was determined that pollination success is related
with bee activity, however it can be increased with different
B applications according to variety and the effect of climatic
factors (in the period we analyzed) on pollination success is

nonsignificant.

Keywords: Fragaria x ananassa, seed, pollen, bee,

fertilization biology

1. Girig

Cilek (Fragaria x ananassa) tziimsi meyveler
grubunda yer alan kokusu ve aromastyla oldukca ragbet
goren bir meyvedir. Bir¢ok iiziimsii meyvede oldugu gibi
cilek ciceginde de tek karpelli yiizlerce disi organ (pistil)
bulunmaktadir. Herbir disi organ ¢icek tablasina gémiilii
olup, basarili bir tozlanma ve déllenme sonrasinda irileserek
aken adi verilen tohumlari olusturmakrtadir. Cilekte meyve;
cicek tablasinin sulanmasi, tohumlarin cicek tablasinin
tizerinde kalmasiyla gerceklesmekte ve birlesik meyve
adini almaktadir (Ariza vd., 2015). Cilekteki bu meyve
olusumu i¢in tozlanma sonucunda gelisen akenlerin etkisi
cok 6nemlidir. Nitekim daha énce yapilan ¢alismalarda disi
organlarin yetersiz tozlandig ve akenlerin olusmadigr meyve

kisimlarinda meyve seklinin bozuk oldugu bildirilmistir

(Nitsch, 1950).

Cilek cicekleri genel olarak kendine uyusur bir yapiya
sahiptirler (Dung vd., 2021). Herbir pistilin tozlanip
dollenmesi sonucunda olusan cilek meyvelerinde, meyve
bu nedenle cilekte tozlanma basarisinin onemli bir
parametre oldugu belirlenmistir (Andersson vd., 2012).
Yapilan bagka bir calismada c¢ilekte déllenmis tohum
taslagt sayisinin; meyvenin kiitlesini, uzunlugunu, ¢apini

ve et sertligini; ¢icek tozu kaynaginin ise meyvenin rengini
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ve suda ¢oziinebilir kuru madde oranini belirledigi tespit
edilmistir (Dung vd., 2021).

Bilindigi gibi tohum, erkek tireme hiicresinin disi ireme
hiicresi ile birlesmesi ve bunun sonucunda déllenmenin
gergeklesmesi ile olusan bir yapidir. Bitkilerde déllenme icin
on kosul, ¢igek tozlarinin disi organin stigmasi ile bulugmast
yani tozlanmanin saglanmasidir (Karabiyik, 2022). Cilekee;
cicek tozlarinin ve disi organlarin saglikli olmas, etkin bir
tozlanma, ¢im borusunun gelismesi ve déllenme, meyve
tutumunu ve seklini olumlu yonde etkileyeceginden dolaylt
olarak bozuk sekilli meyve olusumunu azaltacaktr (Nitsch,
1950; Ariza vd., 2011).

Cilek
gergeklesmektedir (Paydasvd., 1998). Cileklerde cigeklenme

dénemi boyunca art kovanlarinin bahg¢ede bulundurulmasi

ciceklerinde  tozlanma arlar  yardimiyla

veya bahge icerisinde yabani arilarin ilgisini cekecek bitkilere
yer vererek ar1 popiilasyonunun arttrilmasi ile tozlanmug
stigma sayisinin artmast beklenmektedir (Kidmper vd.,
2022). Yapilan pekcok caligmada, bu sekilde diizenlenen
bahgelerden daha yiiksek miktarda ve kalitede tiriin alindig;
rapor edilmistir (Singh vd., 2007; Kuvanci vd., 2010; Klate
vd., 2014; Saridas vd., 2021). Organik ve konvansiyonel
tarimin ¢ileklerde tozlanma tizerine etkisinin incelendigi
bir ¢aligmada, organik tarim yapilan alandaki cileklerin
tozlanmigs aken miktarinin konvansiyonel tarimla yetistirilen
cilek akenlerine gore daha fazla miktarda olduklari tespit
edilmistir. Konvansiyonel tarimin ardindan 2-4 yil gibi bir
zaman gectikten sonra organik tarima gecilmesi halinde
bu etkinin daha belirgin oldugu savunulmustur. Béylece
organik tarimin tozlanma basarisini  arturilabileceg,
bitkilerin tozlanmasina hizmet eden c¢evre kosullarina
olumlu etki yapabilecegi, hem verimin hem de kalitenin

arttirilabilecegi vurgulanmistir (Andersson vd., 2012).

Ote yandan, bitkilerdeki bor (B) igerigi ile dollenme,
tohum olusumu ve ¢imlenme gibi olaylar arasinda yakin
iliskiler oldugu bilinmektedir. Ciceklerde B’un dusiik
miktarda olmasi, ¢igek tozu ¢im borusu gelismesini ve
mikrospor olusmasini azaltarak ilk etkilerini déllenmede
gostermektedir. Dollenme sonrasinda ise tohum tutmama
veya embriyoda bosluk olmasi, kusurlu meyve olusmasi

ile sonuglanan zayif embriyo gelismesi gibi belirtilen

>



izlenmistir (Dell ve Huang, 1977). Ayrica, B eksikliginde
disi organlarin zarar gordiigii, bunun sonucunda meyvelerde
sekil bozuklugu ve wverim kayiplarinin gergeklestigi
bilinmektedir (Lieten, 2000). Nielson ve Eaten (1983) ise,
B eksikliginde diisiik aken gelismesi nedeniyle dokularda
yeteri kadar gelismenin saglanamamasi nedeniyle bozuk

sekilli meyvelerin olusabildigini bildirmiglerdir.

Sonug olarak yapilan calismalarda meyve verim ve
kalitesini yiiksek diizeyde etkileyen ari kullaniminin ve
bitkide yeterli B igeriginin; disi organ, ci¢ek tozu ve cicek
tozu ¢im borusu gelismesini olumlu yoénde etkiledigi
gosterilmigtir. Bu ¢aligmada ise, B ve bal arlarinin
ayrt ayrt ve birlikte kullaniminin Fortuna ve Rubygem
cilek gesitlerinde tozlanma basarisi tizerine etkilerinin

belirlenmesi amag¢lanmustir.

2. Materyal ve Yontem

Bu calisma, Cukurova Universitesi Ziraat Fakiiltesi
Bahce Bitkileri

Denemede iilkemiz kosullarinda yaygin olarak kullanilan

Boliim  Arazisinde  yurttilmistiir.
Fortuna ve Rubygem cilek ¢esitleri kullanilmistir. Bitkiler,
6.5 m eninde 2.75 m yiiksekliginde, 40 m uzunlugunda,
36 ay dayanikli UV, IR, AB, EVA, LD katkili plastikle
kaplanmis iki ucu agik Ispanyol tipi yiiksek tiinellere
dikilmiglerdir. Denemede tozlayict olarak ari faaliyetine
izin verilen ve izin verilmeyen iki tiinel kullanilmigtir. Art
girisine izin verilmeyen tiinel, monofilament (UV stabilize,
% 8-12 golge saglayan) beyaz renkli dokuma tiiliiniin

plastik tiinelin {izerinden kaplanmasi ile saglanmugtir.

Cilek fideleri; 65-70 cm eninde, 35 c¢m yiiksekliginde
olan seddeler {izerine 30 cm araliklarla ticgen seklinde ve ¢ift
stra olacak gekilde dikilmiglerdir. Bitkilere B uygulamalarina
ilk cigeklenme tarihinden yaklagitk 1 hafta dncesinden
baslanarak 2018 yilinin 29 Ocak, 26 Subat, 19 Mart, 9
ve 30 Nisan tarihlerinde olmak {izere 5 kez yapilmistr.
Uygulamalar, yapraktan atomizer piilverizatdr yardimiyla
10 g 100 L''; topraktan ise, 100 g da’ dozunda olacak
sekilde damla sulama yoluyla gergeklestirilmigtir. Toprak
+ Yaprak uygulamalari ise, yaprak ve toprak dozlarinin
yartya indirilmesi ile birlikte verilerek olusturulmustur. Bor
kaynagi olarak % 20 B igerikli Eti-Dot 67 (Na,B,O ,.4H,0)

kullanilmigtir. Yaprak uygulamalarinin etkinligini arttirmak

g—
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icin yayici yapistirict 6zelligi olan Tween 20 kullanilmugtir.
Kontrol bitkilerine ise ayni dénemlerde yapraktan ve

topraktan ayni miktarlarda su verilmistir.

Arili Tiinel: Ispanyol tipi tiinelin 2 metre yakinina
cigeklerin tozlanmasina izin verecek sekilde bir ar1 kovani

(Apis mellifica) yerlestirilerek olusturulmustur.

Ansiz Tiinel: Cigeklerin arisiz olarak tozlanmasint
saglayacak sekilde tiinel plastik 6rtiistiniin tizerinin tamamen
monofilament beyaz renkli dokuma tiilii ile kapatilarak ve

arili tiinellerden uzakta olacak sekilde olusturulmustur.

Denemede; iki farkli tozlanma ortami (ari faaliyetine
acik ve art faaliyetine kapali), 4 farkli uygulama (Kontrol,
Topraktan B uygulamasi, Yapraktan B uygulamasi ve
Toprak+Yaprak B uygulamasi), iki gesit, her uygulama icin
3 yineleme ve her yinelemede 10 bitki olmak tizere toplam
480 bitki kullanilmustir. Bu bitkilerden tozlanma basarisini

belirlemek i¢in meyve 6rnekleri alinmgtir.

Tozlanma Bagarisi: Her gruptan 5 meyve 100 ml saf
su icerisinde 2 dakika boyunca parcalanmistr. Tozlanmis
akenler sudan agir oldugundan kabin tabanina ¢okmiis,
tozlanmamis akenler ise suyun yiizeyinde birikmistir.
Ayrilan akenler sayilarak tozlanma bagarist ytizde (%) olarak
belirlenmistir (Klatt vd., 2014).

Istatistiksel Analizler: Calisma sonucunda, elde
edilen veriler, yer tekrarli fakedriyel diizen deneme
desenine gore analiz edilmistir. Elde edilen biitiin verilerin
degerlendirilmesinde, SAS temeli tizerine kurulu JMP 8.1
istatistik paket programi kullanilmistr. Elde edilen sonuglar
% 5 onem diizeyinde LSD testi ile karsilastirilmigtir.

3. Bulgular
Iklim Verileri

Calismada eyliill ayinda dikimi yapilan frigo fidelerin
gelisimleri icin genel kiiltiirel uygulamalar esit bir sekilde
yapilmistir. 1 Subat - 11 Haziran tarihleri arasinda alinan
iklim kayitlarina goére arisiz tiinelde ortalama en dusiik
sicaklik degeri 11.9°C iken, arili tiinelde bu deger 11.3°C
olarak kaydedilmistir. En yiiksek sicaklik ortalamast
yine arisiz tiinelde 31.8°C iken, digerinde 32.7°C olarak
belirlenmistir. Ortalama sicakliklar bakimindan; arisiz
tiinelde 20.1°C iken, arli tiinel alunda 19.8°C olarak
kaydedilmistir.




Baylece sera plastigi tizerine ¢ekilen tiiliin ar1 faaliyetini
engelledigi, yiiksek sicakliklara karsi golge etkisi yapug;,
sera igerisindeki 1sinin korunmasini saglayarak da ortalama
en disiik sicaklik degerini 0.6°C arturdigy tespit edilmistir.
Tl ile kapatlan tiinelde ortalama en diisitk nem degeri %
32.2 iken, arili tiinelde % 29.3 olarak tespit edilmistir. En
yiiksek nem degeri; arisiz tiinelde % 94.2, normal yiiksek
tiinelde % 93.9 olarak, ortalama nem degerleri ise arisiz
tiinelde % 67.8, arili tiinelde % 66.9 olarak kaydedilmistir.
Genel olarak degerlendirildiginde ise tiilden dolay: tiinel
icerisindeki nem degerinin biraz daha yiiksek oldugu
dikkati cekmistir.

Tozlanma Bagarist

Arilt ve arisiz yetistirme ortamu ile farkli gekillerde B
uygulamalarinin Fortuna ve Rubygem cilek cesitlerinde
tozlanma basarisi tizerine etkileri sirastyla Tablo 1a ve 1b ile

Tablo 2a ve 2bde verilmistir.

Fortuna cesidine ait tozlanma bagarist degerleri Tablo
la, 1bde gosterilmistir. S6z konusu ¢esidin tozlanma basaris
bakimindan yetistirme ortamlari ile yetistirme ortami x
ay etkilesimi arasindaki farklar istatistiksel olarak onemli

bulunmustur. Bu kapsamda beklenildigi gibi arili kosulda
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bocek faaliyetine miisaade edilmesiyle bu ¢esitte tozlanma
basarisinin 6nemli olctide artugr belirlenmistir.  Arisiz
ortamda % 40.9 olan tozlanma bagarisi 1.57 kat artarak %
64.4’e ulasmustir. Tklim faktorleri tek basina tozlanma basari
oranint 6nemli 6lgiide etkilemezken, yetistirme kosullari
ile ay etkilesiminin tozlanma basarisini 6nemli diizeyde
etkiledigi, tozlanma basarisinin arili yetistirme kosulunda
ve Nisan aymda % 72.4%¢ ulasugi bu degeri % 67.2 ile
yine ayni yetistirme ortaminin Mart ayindaki meyvelerinin
izledigi tespit edilmistir. En diisiik tozlanma basaris: % 38.8
olarak arisiz ve Mart ayindaki meyvelerde saptanmustir. Arili
kosuldaki mayis ay1 meyvelerindeki tozlanma basarist %
53.6 degeriyle arisiz kosuldaki Nisan ve Mayis ay1 tozlanma
basarilar: ile ayni istatistiksel grup icerisinde yer almakla
birlikte aralarinda %10'dan fazla bir basart oldugu dikkati
¢ekmigtir. Uygulamalarin tozlanma basarisi tizerine etkisiz
olduklari, degerlerin % 47.6 ile % 56.1 arasinda dagilim
gosterdikleri, bor uygulamalarinin kontrolden daha diisitk
degerler ortaya koyduklari belirlenmistir. Denemedeki ti¢
fakeoriin birlikte etkilesiminde tozlanma basarisinin %
29.1 (arisiz x yaprak x mayzs) ile % 82.4 (arili x yaprak x

Nisan) arasinda dagilim gosterdigi saptanmigtir.

Tablo 1a. Fortuna cilek ¢esidinde yetistirme kogullar: ile uygulamalara gore aylik ortalama tozlanma basarist (%)

Awvlar

Yet. Kogs X

AEnlmalar Mart Misan Mays Uyg. Ort. i
— 78.8 70.2 50.7 66.6
(63471 (57.0) [45.4) r55.6)
e 7o.9 82.4 54.9 7L
% P (647 (65.2) [(47.8) 59.2) 64,9 A
* e s 55.3 68.1 52.7 58.7 (53.97
- B 48.9) (55.7) [46.6) 50.4)
= Ve -« To 54.6 68.0 55.0 s50.8
- B B [(47.73) (56.2) [(48.4) 50.8)
= 67.2 a2 F24a 53.6 b
% Ay X Yet. Kos. Ort. (56.4) (58.5) (47.1)
2 EE— 33.9 52.2 50.9 5.6
= (35.6) [(46.3) [(45.8) (42.5)
= ek 36.2 43.7 zo.1 6.3
e P (36.9) (41.4) (32.5) (36,93 40.9 B
Touralk 49,5 34.5 55.5 46.5 (=2.8)
B (24, 7) (35.9) (49.6) (43.4)
oo~ To 35.7 40.9 293 35.3
P P (36.6) (39.6) (32.7) (36.3)
Awv X Yet. Kos. Ortalamasa ?BI 3'1_35;' -ql.:zl -:E_l::::: 4(1'“2_5(:
52.0 57.6 g7
iy ol 74} o 7] CE3.6)
3L SDyer kas***= 4.00  LSD.,,=0.D. LSDuysyetias*=7.08 LSDhycrios. = uyg= O.D.
LSDay x petkng. = upm—101D.

1:

Yiizde degerlere aci transformasyonu uygulanmistir. Parantez icindeki rakamlar aci degerleridir

2: Aynu siitunda farkls harflerle gosterilen ortalamalar arasindaki farklar istatistiksel olarak énemli bulunmustur

3: O.D. Onemli degil, *P<0.05, **p <0.001’i ifade etmektedir
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Tablo 1b. Fortuna cilek ¢esidinde uygulamalara gore aylik tozlanma basarist (%)

Aylar Uygulama

Uygulamalar Mart 1\?isan Mayis OliiluamaSl

Kontrol 56.3 (49.9)" 61.2 (51.6) 50.8 (45.6) 56.1 (49.1)

Yaprak 58.1 (50.8) 63.1(53.3) 42.0 (40.1) 54.4 (48.1)

Toprak 52.4 (46.8) 51.3 (45.8) 54.1 (48.1) 52.6 (46.9)

Yap + Top 45.1 (42.1) 54.9 (47.9) 42.6 (40.0) 47.6 (43.5)
Ay Ortalamasi 52.9 (47.4) 57.6 (49.7) 47.4 (43.6)

’LSD, =O.D. LSD,_ - O.D. Lsp,_  =O.D.

1: Yiizde degerlere ag1 transformasyonu uygulanmistir. Parantez icindeki rakamlar ag1 degerleridir

2: O.D. Onemli degil

Rubygem ¢ilek ¢esidinde deneme kapsaminda incelenen
faktorlerin tozlanma basarisi iizerine etkileri Tablo 2a ve
2bde verilmigtir. Yetistirme kogullari, uygulamalar, ay x
yetistirme kosulu ile yetistirme kosulu x ay x uygulama
etkilesimleri arasindaki farklar istatistiksel olarak 6nemli
bulunmustur. S6z konusu ¢esitte, yetistirme kosullarindan
artli tiinelde % 64.0 tozlanma basarisi elde edilirken,
bu deger arisiz tiinelde yaklagtk yarist diizeyde kalarak
% 32.5 olarak tespit edilmistir. B uygulanan bitkilerin

meyvelerinde tozlanma basarisinin 6nemli 6l¢iide artugy,

bu baglamda toprak uygulamasinin (% 53.3) 6n plana
cikug dikkati gekmistir. Uygulama x ay etkilesim degerleri
% 29.9 ile % 71.7 arasinda dagilim gostermistir. Caligmada
incelenen faktdrlerin tiglii etkilesimlerinin tozlanma basarist
bakimindan etkileri incelendiginde; farklarin  6nemli
oldugu, en yiiksek tozlanma bagarisinin % 79.8 degeriyle
topraktan B uygulanmis ari faaliyetli yetistirme ortaminin,
Mart ayinda hasat edilen meyvelerinde 6lgtildiigii dikkati
¢ekmistir. Bu agidan en diisitk deger % 20.4 olarak (arisiz x
toprak+yaprak x Nisan) elde edilmistir.

Tablo 2 a. Rubygem cilek ¢esidinde yetistirme kogullari ile uygulamalara gore aylik ortalama tozlanma basarisi (%)

Avilar Twet. Baos X
Uysolamaiax Mart Nisan Mayis Uyg. Ort. ertalaima
Eontiol 43 3 e-h? 75.2 ab 59.9 b-e 59.5
(411731 (G017 (50.7) (56 7Y
W apralk 61.5 bed 71.5 ab 65.0 a-d &6
s {(51.2) (57.8) (53.9) (F4.5) 640 A
Toprak 798 a 69.8 abc 51.6d-g 67T (53 _4)
= (63.6) (56.7) (45.9% (55.4)
= Yap + Top 66.1 a-d | 703 abc 54.2 c-f 636
E (54.8) (S7.0) (374 (F3.21)
62.7 b TL.T a 7.7 b
E Av XN Yet. Kos. Ort. (52.9) (57.9) (49.5)
1= T 324hk | 344 hk 23 .5 jk 0.1
= (34.8) (35.9) (28.9) (23.2)
- aprcak 38.9 fa 33.5 h-k 290 h-k 33.8
. (38.6) (34.8) (32.5) (25.3) 3IzZsB
Tl 35.5 3 31.5 h-k 516 d-g o5 (34.5)
(36.5) (34.1% (45.9% (38.8)
Yap + Top 345 hk 204 k 252 1k 26.7
(35.7) (264 (297 (F.6)
Ay X YVet. Kos. Ortalamasy :{535&34; ?::1?3‘}: ‘?32;:_52‘}:
450 S50.8 450
Ay Ortalamasi (et et &) (25 &) (i )
SLSD e kos. ¥ T *=2_81 LSD.. =0 D. LSDuy x verkos =~ =4 86 LSt koos. x ave—0 L3
LSD&\'I\'Er_kDS. xu‘vz*s: S.72

Yiizde degerlere aci transformasyonu uygulanmistr. Parantez icindeki rakamlar aci degerleridir

1:
2: Ayni siitunda farkli harflerle gosterilen ortalamalar arasindaki farklar istatistiksel olarak énemli bulunmustur

3: O.D. Onemli degil, **p <0.01, ***p < 0.001’i ifade etmektedir

: | f  e—
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Tablo 2b. Rubygem cilek ¢esidinde uygulamalara gore aylik tozlanma basarist (%)

Aylar Uygulama

Uygulamalar Mart Ni:an Mayis Oliiluamaﬂ
Kontrol 37.8 (37.9) 54.8 (48.0) 41.7 (39.8) 44.8 B (41.9)
Yaprak 50.2 (45.3) 52.5 (46.3) 47.0 (43.2) 49.9 AB (44.9)
Toprak 57.6 (50.3) 50.7 (45.4) 51.6 (45.9) 53.3 A (47.1)
Yap + Top 50.3 (45.3) 45.3 (41.7) 39.7 (38.6) 45.1 B (41.9)

Ay Ortalamas: 48.9 (44.6) 50.8 (45.4) 45.0 (41.9)
3LSDay:(").D. LSD, *=3.97 LSDay“ygz(").D.

I: Yizde degerlere ag1 transtormasyonu uygulanmustir. Parantez icindeki rakamlar ac1 degerleridir
2: Ayni siitunda farkli harflerle gosterilen ortalamalar arasindaki farklar istatistiksel olarak 6nemli bulunmustur

3: O.D. Onemli degil, *P<0.05’i ifade etmektedir

4. Tartisma

Bilesik yapida olmayan meyveler ¢ok sayida tohumu
olmasina ragmen tek bir disi organin tozlanmasina bagl
olsa da cilek gibi bilesik meyvelerde bir cigekte birden
fazla disi organ bulunmakta ve meyveler ancak bu disi
organlarin biiyiik bir cogunlugunun tozlanip déllenmesi ile
olusabilmektedir. Bu nedenle, bu tip meyvelerde tozlanma
basarist olduk¢a 6nemli bir parametredir (Andersson vd.,
2012).

Arilarin ¢ilek cigeklerinde tozlanma ve dollenme
miktarini artirarak meyve boyutlarini etkiledikleri ve sonug
olarak toplam verim miktarinin da artugr  bildirilmistir
(Paydas vd., 1998; Saridas vd., 2021; Kimper vd.,
2022). Ticari degeri fazla olan turfanda tiretimde gekilsiz
meyve olusmast tozlayict olarak ari kullanilarak 6nemli
olgiide engellenebilmektedir (Saridas ve Paydas Karg,
2017). Klatt vd. (2014)’nin farkli tozlanma sistemlerinin
tozlanma basarisina katkisini arastirdigy calismasinda ari ile
tozlanmanin déllenmis aken sayisini riizgarla tozlanmaya
gore yaklasik % 26.8 arurirken, kendi haline birakilmug
ciceklere gore oranin % 61.7 oldugu bildirmistir. Yapilan
bir baska calismada organik olarak yetistirilen ¢ileklerde
arilarin etkinligi s6z konusu olmasi nedeniyle % 45 oraninda
dollenme belirlenirken, bu oranin konvansiyonel tarimda
% 17 oldugu bildirilmistir (Andersson vd., 2012). Daha
once yapilms calismalar art etkinligini ortaya koymakla
birilikte yapilan bu ¢alismada da ar1 etkinliginin oldukea

oenmli oldugu vurgulanmistir.
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Bor uygulamasi ile cileklerde meyve tutumunun
arurildigt ayrica bozuk sekilli meyve olusumunun da
azaluldigr yapilan birgok calisma ile ortaya koyulmustur
(Singh vd., 2007; Saridas vd., 2021). Ancak, cilekte
tohum verim ve kalitesinin Bor uygulamasi ile ne sekilde
degistigi konusu ile ilgili daha 6nce yapilmis bir calismaya
rastlanmamigtir.  Bor  uygulamasinin  bazi  mercimek
cesitlerinde (Khattab vd., 2016), ketende (Jankowski
vd., 2016), kanolada (Khan vd., 2016), fasulyede (Parry
vd., 2016) ve turpta (Namli vd., 2022) tohum verim ve
kalitesinde de arts sagladigr rapor edilmistir. Cileklerde
bozuk sekilli meyve olusumunun aken olusumundaki
eksikliklerden kaynaklandigi dustiniildiigiinde ise Bor
uygulamast sonucunda bozuk sekilli meyve olusumunun
azalmasi s6z konusu tiirde de tozlanma etkinligini artrdigin

acikga ortaya koymaktadir.

Sicakligin da aken olusumunda etkisinin oldugu daha
once Pipattanawong vd. (2009) tarafindan bildirilmis
olup, soguk kosullarda embriyo gelisiminin daha yavas
gercekleserek ¢ogu zaman normal iriligine ulagamadig:
belirtilmigti. Bu durum, ozellikle daha soguk hava
kosullarinda tozlanma basarisinin daha diisiik olacagini
disiindiirmektedir. Nitekim, Hedhly vd., (2005) sert
cekirdekli meyve tiirlerinde soguk kosullarda cicek tozu
¢im borusunun daha yavas ilerledigini ve dolayisiyla
dollenme ve embriyo gelisiminin de daha yavas oldugunu
bildirmiglerdir. Yapilmis olan bu ¢alismada da ozellikle
Kontrol uygulamalarinda daha soguk sezonda tozlanma

basarisinin diisiik oldugu belirlenmistir.

———— >




Buna kargin yapilan Bor uygulamalari ile tozlanma
bagarisinin da soguk kosullarda dahi artug da gozlenmistir.
Elde edilen sonuglar Bor uygulamasinin ¢igek tozu
kalitesini artirmasi (Saridas vd., 2021), cigek tozu ¢im
borusu gelisimini hizlandirdirmasi (Dell ve Huang, 1997)
ve disi organlarin kalitesini artirmasindan (Nielson ve
Eaten, 1983; Lieten, 2002) kaynaklandigini ayrica, bitkide
Borun birgok fizyolojik aktiviteyi diizenleyerek bitkinin
daha iyi gelismesinden kaynaklandigini diisiindiirmektedir
(Demirtas, 2005).

Yapilan ¢alisma sonucunda tozlanma basarisinin temel
olarak ar1 faaliyetiyle arttgs, ancak bu artigin ¢eside bagl
olarak degisik diizeylerde gergeklestigi belirlenmistir.
Bununla birlikte B uygulamalari Rubgem g¢esidinde
tozlanma basarist tizerine etkili olurken, Fortuna cesidinde
etkisiz kalmistir. Deneme kapsaminda incelenen aylarin
tozlanma basarisi tizerine etkilerinin olmadig bulunmustur.
Rubygem ¢esidinde topraktan B uygulanan ar1 faaliyetinin
oldugu tiinelden Mart ayinda hasat edilen meyvelerde
tozlanma basarisi en iist seviyeye ulasirken (%79.8), Fortuna
cesidinde yine arili tiineldeki bitkilere yapraktan yapilan B
uygulamasinin Nisan ayindaki meyvelerinde %82.4’liik
bir tozlanma basarisina ulagilmistir. Genel olarak cesitlerin
tozlanma basarilarindaki ortak noktalarin; ar1 faaliyeti, bor
uygulamast ile Mart veya Nisan aylarindaki meyvelerin

olmasi dikkati cekmistir.
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Keci Genetik Kusuru:
Mukopolisakkaridoz Tip III D (MPS III D)

Goat’s Genetic Disorder: Mucoplysaccharidosis III D (MPS III D)

Ozet
Sorumlu.Yazar - Lizozomlar, makromolekiillerin parcalanmasindan sorumlu
Yasemin GEDIK yaklagik 50 farkli hidrolitik enzim igeren onemli hiicre igi
ygedik@ogu.edu.tr organellerdir. Bu enzimleri kodlayan genlerdeki mutasyonlar,
0000-0002-3607-1527 lizozomal depo hastaliklari adi verilen genetik bozukluklara
neden olur. Mukopolisakkaridoz tip III D (MPS III D) otozomal
Yazar resesif kalium gosteren lizozomal depo hastaliklarindan
Orhan KAVUNCU? birisidi. MPS III D, heparan siilfatin yikilma siirecinde yer
orhankavuncu@kastamonu.edu.tr alan N-asetilglukozamin-6-sulfataz  (G6S/GNS)  enziminin
0000-0003-4391-9087 eksikliginde ortaya ¢ikar. Kegilerde MPS III D tanimlanmus ve
karakterize edilmistir. Kegilerde MPS III D, GG6S enzim eksikligi
nonsense bir mutasyon sonucudur. Kegilerde GG6S enzim
eksikligi, birincil olarak katabolize olmamamis heparan siilfatin
lizozomlarda birikmesine ve merkezi sinir sistemi ve somatik
hiicrelerde sitoplazmik vakuolasyona neden olur. Bu hastaliga
sahip kegilerde goriilen semptomlar ve siddetleri oldukea
degisken olmakla birlikte ana semptomlar motor gelisiminde ve
biiytimede gerilik ve erken 6limdiir. Bu derleme ke¢i MPS III D
genetik kusuruna genel bir bakis sunmakradir.
1 Eskigchir Osmangazi Universitesi Ziraat Fakiiltesi Zoo- Anahtar kelimeler: genetik kusur, lizozomal depo
tekni Boliimii Biyometri ve Genetik ABD 26160 Eskige- .
hir hastaliklari, keci
2 Kastamonu Universitesi Miihendislik Mimarlik Fakiil-
tesi Genetik ve Biyomiihendislik ABD 37150 Kasta- Abstract
Garﬁﬂme Tarihi : 09 Agustos 2023 Lysosomes are important intracellular organelles that
Kabul Tarihi : 18 Aralik 2023 contain about 50 different hydrolytic enzymes responsible for
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degragation of macromolecules. Mutations in the genes
that encode these enzymes are caused genetic disorders
called lysosomal storage diseases. Mucoplysaccharidosis 111
D (MPS III D) is one of the autosomal recessive lysosomal
storage diseases. MPS III D is due to the deficiency of the
(G6S/GNS),
which is involved in step-wise the degradation of heparan
sulfate. MPS III D has been identified and characterized
in goats. In goat MPS IIID, the G6S enzyme deficiency
Deficiency of G6S

enzyme activity in goat leads to primary accumulation of

enzyme N-acetylglucosamine-6-sulfatase

is result of a nonsense mutation.

uncatabolized heparan siilfat in lysosomes and marked
cytoplasmic vacuolation in the central nervous system and
somatic tissues. Although the symptoms and severity of
symptoms in goats with this disorder are highly variable,
the main symptoms are delayed motor development,
growth retardation and early death. This review gives on

overview on goats MPS IIID genetic disorder.

Keywords: genetic disorder, lysosomal storage diseases,

goat
GIRIS

Kegiler, yetistiriciligi yapilan ciftlik hayvanlari arasinda
evcillestirilen ilk tiirlerden biri olmast sebebiyle en fazla
sosyal gelismislik gosteren tiirdiir. Caglar boyunca insanlarla
karsiliklt etkilesim gostererek sadece gesitli verimlerinden
yararlanilan bir hayvan olmanin otesinde kiiltiirel ve
dini anlamlari olan 6zel canlilar olmuslardir. Kecinin
evcillestirilmesinin, yerlesik hayata gecen insanlarin gerek
medenilesmesinde, gerekse koyun ve inegi basariyla
evcillestirmesinde katkisi biiyiiktiir (Gedik 2017). Insanlar
ve kegiler arasinda evcillestirme siirecinden sonra artan
etkilesim ve benimseme kegilerin; sanatsal faaliyetlerden,
duygu ve disiincelerin simgesine doniismesine hatta
dinsel ve tanrisal anlamlar yiiklenmesine kadar hayatin her
alaninda hakimiyet kurmasina neden olmustur (Nomura
vd. 2013, Un 2014, Batten 2014, Dong vd. 2015, Zheng
vd. 2020).

Evcillestirilen ilk hayvan tiirlerinden birisi olmasi,
cok farkli cevre kosullarina kolaylikla adapte olabilmesi
gibi nedenlerle keci, citlik hayvanlari arasinda yaygin
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olarak yetistiriciligi yapilan bir tirdiir. Her gegen giin
Bau tilkelerinde de 6nemi artan kegiler 6zelikle az gelismis
ve gelismekte olan iilkelerde insanlarin baslica gegim
kaynagidir (Nomura vd. 2013, Zheng vd. 2020).

“Fakir adamin sigir1” olarak tanimlanan kegiler, diger
ciftlik hayvanlarina gore daha diisiik yetistirme masrafi
ile olumsuz bakim ve besleme sartlarina dayanikli olmasi,
dogal kaynaklarin ve diger tiirlerin degerlendiremedigi
alanlart  degerlendirebilmesi  bakimindan  hayvancilik
sektorii acisindan oldukca énemlilerdir. Et, siit, kil, tiftik,
deri, giibre gibi ¢ok ¢esitli verim 6zelliklerine sahip olan
kecilerden elde edilen verimler sadece kirsal alanlarda
yasayanlarin yeme, icme, barinma ve koruma ihtiyaglarinin
karsilanmasinda degil ayni zamanda zenginler icinde liks
(Gedik

tikketim maddelerine
2017, Luo vd. 2019).

doniistiiriilebilmektedir

Keci, 6zellikle insanlar ve diger hayvanlar tarafindan

degerlendirilemeyen  diigiik  kaliteli mera alanlarini,
calilik ve fundalik alanlar1 degerlendirerek et, siit ve diger
tirtinlere donistiiriilmesine imkan taniyan kanaatkar bir
hayvandir. Bu 6zelligi itibariyle kegi diinya tizerinde pek
cok yerde yetistirilmekle birlikte en ¢ok Akdeniz tilkeleri
ile Hindistan’a kadar olan iliman iklim kusagindaki Orta
Dogu iilkelerinde yetistirilmektedir (Nomura vd. 2013,

Amills vd. 2017).

MPS III D veya G6S (GNS) enzim eksikligi hastaligy ilk
kez 1992 yilinda Nubi (Nubian, Nubya) kegilerinde tespit
edilmistir (Thompson vd 1992). Bu hastaliga sahip kegilerde
gozlenen semptom ve siddetler olduk¢a farkli olmasina
ragmen genellikle motor gelisiminde ve biiyiimede goriilen
gerilikler baglica semptomlardir. Ayrica erken oliimler
goriilmekte bu da ekonomik kayiplara sebep olmakrtadir.
Hayvancilikta verim aruglarinin ve kalitenin artirilmast
esas amaglar olmakla birlikte ekonomik kayiplara sebep
olan hastaliklarin belirlenmesi ve &zellikle kalitsal olan
hastaliklardan ari siirtilerin olusturulmasi siirdiirtlebilir
ve ekonomik hayvanciligin olmazsa olmazlarindandir. Bu
derlemenin amaci keci yetistiriciliginde ekonomik kayiplara
neden olan bu genetik kusur hakkinda genetik temel ve

belirtiler baglaminda bilgi vermeketir.
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Lizozomal Depo  Hastaliklars (LDH) ve

Mukopolisakkaridoz

Lizozomlar (Yunanca lysis “eriyik” ve soma “viicut,
tanecik”) ¢aplar1 0,2-0,8 mikron araliginda degisen,
tek kat zarla cevrelenmis, makromolekiillerin hiicre ici
sindiriminden sorumlu hidrolitik enzimlerin bulundugu
intraselular organellerdir (Alberts vd. 2008). Ozellikle
fagositik aktivitesi yiiksek olan, makrofaj, nétrofil ve 16kosit
gibi hiicrelerde bol miktarda bulunan lizozomlarin esas
islevleri sitoplazma ici sindirimdir. Tamamu asit hidrolaz
olan, niikleaz, glikozidaz, lipaz, fosfolipaz, fosfataz ve
stilfataz gibi 50°den fazla hidrolitik enzim igerir. Yagam icin
onemli siireclerden birisi de hiicredeki endositik ve ekzositik
makromolekiillerin  lizozomlar tarafindan parcalanarak
sindirilmesidir. Lizozomal enzimlerin kalitsal olarak eksik
olmasi durumunda pargalanamayan makromolekiiller
hiicre icinde birikerek lizozomal depo hastaliklarina sebep
olurlar (Kingma vd. 2015, Rastall ve Amalfitano 2015,
Simonaro 2016, Bonam vd. 2019, Ballabio ve Bonifacino
2020, Stepien vd. 2020). Onemli bir metabolik hastalik
grubu olan lizozomal depo hastaliklart genel olarak LDH
olarak adlandirmaktadir. Bu hastaliklar, lizozomal enzim
aktivitelerinde ya da tasginmasinda bozukluk veya lizozomal
membranlarin kusurlara

reseptor  proteinlerindeki

bagli olarak substratlarin lizozomlarda depolanmas: ile
karakterizedir (Nair vd. 2019, Parenti vd. 2021). Yaklasik
50 farkli genetik hastalik iceren LDH’lerin ¢ogu tek bir
enzimdeki eksiklige baglidir ancak birden fazla lizozomal
enzim eksikliginden kaynaklanan hastaliklar da saptanmug
olup, cogu hastalik spesifik benzerlikler gostermektedir
(Gedik 2017, Gedik ve Kavuncu 2020, Platt vd. 2018,
Kido vd. 2023).

Glikozaminoglikanlar (GAG) bag dokusunun énemli
yapisal bilesikleri olup, lizozomda parcalanmalarindan
sorumlu enzimlerin eksikliginde ortaya ¢ikan LDH grubu
mukopolisakkaridoz (MPS) olarak
(Khan vd.2020, Vasilev vd. 2020).

adlandirilmaktadir

Heparan siilfat, keratan siilfat, dermatan = siilfa,
kondrotin-4-siilfat, kondrotin-6-siilfat ve hyaliironan gibi
baslica GAG’larin parcalanmamasi sonucu hiicre iginde

meydana gelen birikim hicreler, dokular ve organlarda

——
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fonksiyon bozukluguna neden olmaktadir (Cimaz ve
La Torre 2014, Stapleton vd. 2020, Vasilev vd. 2020).
Mukopolisakkaritlerin depolanmasi 11 farkli enzimden
birinin eksikligi ile ortaya ¢ikarak 7 farkli MPS tipine
sebep olmaktadir (Kobayashi 2019). Heparan siilfatin
parcalanmast siirecinde yer alan enzimlerin eksikliginden
kaynaklan tip, MPS III ya da diger adiyla Sanfilippo
Sendromudur. A, B, C ve D olmak iizere 4 alttiirii olan
otozomal resesif bir hastaliktir (Muenzer 2014, Fenzl vd.
2015, Andrade vd. 2015, Lavery vd. 2017, Escolar vd.
2020).

Kegilerde Mukopolisakkaridoz Tip III D (MPS III
D)

MPS I ilk defa 1963 yilinda insanlarda tanimlandiktan
sonra D alttiiri Thompson vd. tarafindan 1992 yilinda
Nubi Boylelikle

insan MPS III D genetik kusurunun arastirilmasinda

kecilerinde  belirlenmistir. kegiler,
model olarak kullanilmaya baglamistir (Haskins 2007,
Smith ve Sherman 2009). MPS III D, heparan siilfatun
yikilma siirecinde yer alan N-asetilglukozamin-6-sulfataz
(G6S / GNS) enzimi eksikliginde ortaya ¢ikan kalitsal
LDH’lerden biridir. (Cavanagh vd. 1995, Leipprandt vd.
1995, Ligens vd. 1997). Klinik, morfolojik, biyokimyasal
ve immunohistokimyasal karakterizasyon caligmalari
hem insanlarda hem de kegilerde yapilmistir (Hoard
vd. 1998). GO6S enziminin eksikliginde heparan silfat
glukozaminoglikanin lizozomal birikiminden bir¢ok doku
etkilenmekle birlikte hem insanlarda hem de kecilerde
gozlenen klinik bulgularin ¢ogu merkezi sinir sisteminde
biriken glukozaminoglikanlar nedeniyle ortaya ¢ikmaktadir
(Downs-Kelly vd. 2000, Jones vd. 2004).

N-asetilglukozamin-6-sulfataz enzimini kodlayan G6S
geni kecilerde 5. kromozom iizerinde yer almaktadir. Kegi
MPS III D genetik kusuru 559 amino asidin kodlandigt
GO6S gen dizisindeki C322T nonsense bir mutasyon
sonucu ortaya ¢ikmaktadir. Bu mutasyon sonucunda
daha kisa sentezlenen enzim fonksiyonunu kaybeder.
Kecilerde MPS III D’nin genetik temelinde yatan tek
nokta mutasyonunun stop kodonunun olugsmasina neden
olmasinin yani sira A/ul restriksiyon endoniikleaz enzimi

icinde bir kesim bolgesi olusturdugu 1995 yilinda yapilan




mutasyon analizi ¢alismasiyla ortaya ¢ikmistir (Cavanagh
vd. 1995). Bu ¢aligma ile birlikte genetik kusura sahip veya
tastyict hayvanlarin Polimeraz Zincir Reaksiyonu (PCR)
ve Restriction Fragment Length Polymorphism (RFLP)
molekiiler genetik yontemleriyle belirlenebilmesi miimkiin
olabilecegi gosterilmistir (Sekil 1). Ardindan yine ayn1 G6S
geninin DNA dizi analizi Friderici vd. 1995 tarafindan
gergeklestirilmis ve genetik kusura sahip hayvanlarin
genotiplerinin belirlenmesi i¢in ilk PCR-RFLP ¢alismast
Leipparandt vd. 1995 tarafindan gergeklestirilmistir.

98 ¢ C P s R A s I L T
310 TGC TGC CCG AGC CGA GCC AGC ATC CTG ACA

Normal aa
Normal nt

1
310 TGC TGC CCG AGC TGA GCC AGC ATC CTG ACA
98 ¢ c P S *

Alu I SITE

Affected nt
Affected aa

Sekil 1. GNS geninde meydana gelen mutasyon (Cavanagh
vd. 1995)

1998 yilinda Michigan'dayeni dogan ve 10 yasaraliginda
20 siiriiden alinan 552 saf Nubi kegisi (52 erkek, 500 disi)
MPS III D genetik kusuru bakimindan incelenmis, genotip
frekanslari yaklagik olarak normal hayvanlar icin %74.2,
tastyict hayvanlar icin %23.9 ve hastalar icin ise %1.9
olarak bildirilmistir (Hoard vd. 1998). Giiney Taylandda
121 Anglo-Nubi kegisinde gergeklestirilen bir ¢alismada
ise hasta hayvan belirlenemezken, 354. niikleotidde
(TXC) silent bir mutasyon dizi analizi sonucunda oldugu
belirlenmistir (Wasiksiri vd. 2013). Tiirkiyede farklt keci
wklarinda bu hastaligin belirlenmesi ¢aligmalarinda ise
yine hasta hayvan belirlemezken, Anglo-Nubi kegilerinde
belirlenen silent mutasyon oldugu bildirilmistir (Gedik ve
Kavuncu 2017, Gedik ve Kavuncu 2021).

Tek nokta mutasyonu sonucu ortaya ¢ikan MPS III D
genetik kusuru, otozomal resesif bir kalitim gostermekeedir.
Heterozigot genotipli hayvanlar normal fenotipli ancak
tastyict iken resesif homozigot genotipli hayvanlar ise
hastalik belirtilerini gostermektedir (Cimaz ve La Torre
2014, Andrade vd. 2015, Gedik 2017).

Heparan siilfat’in lizozomal birikimden birgok doku
ve organ etkilenmekle birlikte esas etki merkezi sinir

sisteminde goriilmektedir. Bu nedenle goriilen norolojik
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bulgular, somatik bulgulardan daha agir olmaktadir. Bu
hastaliga sahip kecilerde motor gelisiminde gerilik ana
semptomlardandir. Belirli nérolojik eksikliklerle dogabilen
hayvanlarda en sik saptanan semptomlar; yeni doganlarin
ayaga kalkmada zorlanmasi, bacaklarin genis bir bi¢imde
ayrik durmasi, hiperektansiyon ve ataksik, yiirtimede
anormallikler, boyunda hafif kafada siirekli titreme,
gozlerde hizli hareket ve saldirgan davraniglardir (Smith ve
Sherman 2009, Gedik 2017).

Hasta hayvanlarda goriilen belirtiler ve siddetleri
olduk¢a degisken olmakla beraber ana belirti biiytime
geriligidir. Diisitk dogum agirligina sahip hasta hayvanlarin
yavas gelisim gosterdigi, normal dogum agirliginda
doganlarin ise ilk 3 aydan sonra biytimelerinin durdugu
gozlenmistir. Yine normal gelisim gosterdigi disiiniilen
hayvanlarin bile kendi irklar1 dikkate alindiginda daha
kiigiik olduklari gozlenmistir. Bazi hayvanlarda goriilen
tiknaz kafa yapist ve kas kiitlesinde goriilen azalma diger

belirtilerdir.

Bu genetik kusura sahip hayvanlarin immiin sistemleri
zayifur, kolayca hastalanirlar, gérme ya da duyma engelli
hayvanlara rastlanmaktadir. Erken oliimler oldukea sik
rastlanan bir durumdur. Bazi hayvanlar cinsi olgunluk
yasina ulassalar bile ani 6liimler goriilmekte bu da ekonomik
kayiplara sebep olmaktadir. Bu hastalikta dliimler genelde
kalp yetmezligine bagli olarak gelismektedir. Bu hastaliga
sahip en uzun yasayan hayvanin 4 yil yasadig: bildirilmistir.
Hasta hayvanlarin normal dogum agirhigima sahip olup,
normal bir gelisim gosterebilseler bile tireme problemlerine
sahip olduklar1 gézlenmistir (Gedik 2017).

SONUC

Giiniimiizde hizla gelisen molekiiler genetik yéntem
ve araglar sayesinde hem insan hem de hayvan hastaliklar
alunda yatan genetik temellerin belirlenmesi ve tedavi
yontemlerinin gelistirilmesindeki artis bas dondiriicudiir.
Yakin gelecekte de bu artisin devam edecegi ve hastaliklarin
yok oldugu veya tedavisi olmayan hastaligin kalmayacag:
ifadelerini kullanmaya baslayacagimiz giinlerin gelecegi
umudu  giderek artmaktadir. Hayvancilikta  verim
artiglarinin saglanmasi icin besleme, yetistirme ve 1slah

alanlarinda  yapilan caligmalar neticesinde  gelistirilen

i



stratejiler son derece onemli gelismeler saglamustir. Ancak
hayvan yetistiriciliginin yapildig1 ¢evresel sartlar ve cografi
farkliliklar ile hayvan genetik kapasite farkliliklart mevcut
ve gelistirilen stratejilerin en 6nemli kisitlayicilaridir. Islah
calismalari ve molekiiler genetik y6ntemlerin birlikte
kullanilmasi hayvanciligin gelismesinde olduk¢a 6nemli
olmugstur. Sadece verim ozellikleri altinda yatan degil
aynt zamanda hastaliklara yatkinlik/diren¢ ile kalitsal
hastaliklara neden olan varyasyonlarin tespiti molekiiler
Boylelikle slah/

seleksiyon programlarinda kullanilarak hayvancilikta verim

genetik  yontemlerle mimkindiir.
artiglar saglanmakta, ekonomik kayiplara neden olabilecek
hastaliklar elemine edilebilmektedir.  Yetistiriciligi yapilan
ciftlik hayvanlari arasinda yapilan genetik caligmalar
incelendiginde en az calismanin yapildigi ruminant tiir
kegilerdir. Caglar boyunca insani bu kadar derinden
etkilemis bir tiir olmasina ragmen ¢alismalarin kegilerde bu
kadar az olmasi ve ge¢ baglamast, bir an dnce telafi edilmesi
gereken bir eksikliktir. Keginin ekonomik verimliligini
artirmada bu tip hastaliklara yol agan genleri ayiklayacak
seleksiyon ve benzeri islah stratejileri icin bu tip genetik

kusurlart belirleyecek ¢aligmalara gerek oldugu agikur.

Katki orani, ¢ikar gatismast ve etik beyanlari

katkida

bulunmugtur. Bu makalede aragtirma ve yayin etigine

Biitiin  yazarlar ¢aligmaya esit oranda
uyulmustur. Yazarlar herhangi bir ¢ikar catismasi olmadigini

beyan etmektedirler.
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Pi Kontrol Kartlar1 I¢in Farkli Geometrilere Sahip Al ve Cu Metal Is1 Alicilarinin Termal Analizi

Abstract
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A heat sink is a tool for dissipating the heat generated by
electronic parts. The equipment’s specific operating conditions
necessitate the equipment’s extra heat dissipation. This research
compared and optimized the temperature and heat flux parameters 0000-0002-7329-1318
based on the results of the design of a heat sink for CPU, RAM,
and PCLe to a USB 3.0 bridge. It is aimed at an examination of
the advantages and disadvantages of using square, rectangular,
and circular shapes in the design of a heat sink. Copper and
aluminum (Al) are the most common heat sink materials (Cu).

Autodesk Inventor Pro software with Nastran module is used for

design and thermal analysis.

According to Inventor Nastran‘s thermal analysis results it is
found that there is no significant difference between Al and Cu
materials based on cooling capacity at designed models. Also, it
is found that the geometry of the heat sinks directly affects the

cooling capacity of a heat sink.

The application results show that the cooling achievement is
directly related to the correct heatsink design and enough surface

area.

Keywords: Heat sink, Heat transfer, Thermal design, Al and — ]
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Farklt Geometrilere Sahip Al ve Cu Metal Isi Alicilarinin

Termal Analizi

Ozet

Bir 1s1 alicy, elektronik parcalar tarafindan iiretilen 1siy1
dagitmak i¢in bir aragtir. Ekipmanlarin belirtilen ¢aligma
kosullar1 sahip olduklar: fazla 1sinin dagilimini gerekeirir. Bu
calismada, CPU, RAM ve PCLe den USB 3.0 kopriisii igin
1st alict tasarimindaki sicaklik ve 1s1 akigi parametrelerinin
sonuglart kargilagtirilip optimize edilmistir. Bir st alici
tasariminda kare, dikdortgen ve dairesel tasarim sekilleri
kullanmanin avantaj ve dezavantajlarinin  incelemesi
yapilmistr. Bakir (Cu) ve aliiminyum (Al) en yaygin 1s1

emici malzemelerdir.

Tasarim ve termal analiz asamalari i¢in Nastran
modiiliine sahip Autodesk Inventor Pro yazilimindan
yararlanilmistir. Autodesk Inventor Pro Nastran termal
analiz sonuglarina gore, tasarlanan modellerde sogutma
kapasitesi bazinda Al ve Cu malzemeleri arasinda 6nemli
bir fark olmadigi bulunmustur. Ayrica sonug olarak 1st
alicilarin geometrisinin bir 1s1 alicinin sogutma kapasitesini

dogrudan etkiledigi belirlenmistir.

Aragtirma sonuglari, sogutma basarisinin dogru 1s1 alici
tasarimi ve yeterli ylizey alani ile dogrudan iliskili oldugunu

gostermistir.

Anahtar Kelimeler: Ist alici, 1st transferi, termal

tasarim, Al ve Cu metaller, Raspberry Pi.

Introduction

Agriculture drones with their adaptability and the
ability to be outfitted with a wide variety of sensors and
novel computing power, drones have a wide range of
potential uses in agriculture, including crop management,
mapping, irrigation, diagnosis, disaster relief, early warning
systems, wildlife preservation, and forestry preservation,
also drones have the potential to be used in a variety of
ways in agriculture, such as crop and growth monitoring,
yield estimation, water stress assessment, and the detection
of weeds, pests, and diseases (Huang et al., 2021; Negash
et al., 2019; Inoue, 2020; Panday et al., 2020). However,

drones have their own set of restrictions. Some of these
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include pilot involvement; average image quality; average
implementation costs; stability; maneuverability; reliability;
standardization; engine power; limited power sources;
limited flight duration; collision and cyberattacks; limited
payload weight; large datasets and limited data processing
capabilities; absence of regulation; lack of expertise; and high
entry barriers to access to agricultural applications (Zhang
& Kovacs, 2012). Given drones potential applications
across the agricultural sector, attracted the attention of

numerous academic fields.

Agriculture drones and other electronic and electrical
systems face an increasing challenge in keeping their
electronic components cool during operation and design.
The vast quantity of electronic components in a typical
electronic circuit causes it to overheat and function less
efficiently. If an electronic component is to function
reliably, it requires rapid cooling. In addition, as production
methods advance, minicomputers are becoming much more
compact. As a result, the rate at which the CPU, RAM, and
PCLe to USB 3.0 bridge are being heated and alarming.
The market has also driven a reduction in the physical
size of electronic cards. This means that there is nowhere
near enough room for a conventional cooling system, and
traditional convectional cooling methods are insufficient to

meet the ever-increasing demands.

Several fields of study, include cooling and the temporal
evolution of temperature distributions. Increasing the flow
rate of the external fluid, altering the geometry of the
conducting material to increase the convection surface area,
and altering the conducting material to increase the surface
temperature and achieve a higher convection coefficient
are the three major techniques for improving the efficiency
of heat dissipation from computer components using air

cooling systems (Kumar & Rao, 2018).

Heat transfer in electronic systems has been the focus of
numerous studies. Webb (2005) modeled an entire desktop
PC setup with an 80 W central processing unit. Total
system heat dissipation is 313 W once other components
are included. They modeled the CPU heat sink as a volume
resistance with the same impedance as the detailed geometry

to keep the model simple. The PCI side vents and baffle are
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designed to enhance the cooling of PCI cards.

When an electric current flows through an electronic
device, some of the power is lost as heat, as pointed out by
Fircas et al. (2012). Overheating an electronic device has a
detrimental effect on its functionality and longevity. As a
corollary, the electronic device’s lifespan may be shortened.
Normal operation generates a great deal of heat for all power
electronic devices. To prevent electronic equipment failure,
this heat must be dissipated. It’s been found that the surface
area for heat transfer in electronic devices directly correlates

to the total amount of heat dissipated by those devices.

The thermal analysis of heat sinks of varying geometries
and constructions was the subject of research by Reddy
et al. (2018). The findings indicate that copper provides
better temperature distribution than aluminum, and that
rectangular slots provide better temperature distribution

than other geometries.

However, as Pal (2014) points out, dealing with the
resulting heat is often a major challenge for LED light
fixtures. LED efficiency, life, performance, and reliability all
suffer at lower junction temperatures. This study examines
the relationship between the junction temperature of LEDs
cooled by natural convection and the thermal performance
of a selection of popular design approaches on heat sink
fins. Basic rectangular fins, pin fins, and trapezoidal scaled
tapered fins have all been subjected to thermal simulation
using Solidworks Thermal Simulation, and the results are

compared and contrasted.

Fora 30 W chip on board (COB) LED down-light, Seo
et al. (2012) designed and characterized an optimal heat
sink. Using a heatsink designer, they determined that 181
m? is the optimal total surface area of a heat sink for the
30 W COB LED downlight. In this work, they compared
four distinct heat sink designs and determined the type that
provides the best overall performance. Due to the COB
LED package structure, the heat sink’s center gets very hot,
so a copper spreader is used to distribute that heat to the

heat sink’s periphery.

According to Ozdilli & Sevik (2020), advancements in
technology have allowed manufacturers to create electronic

parts that are both more versatile and more powerful.
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However, as performance improves, the amount of heat
produced by the components also rises. When electronic
components are subjected to extreme heat, they often
malfunction or perform inadequately; to prevent this,
active or passive heat sinks are used to efficiently and
quickly remove the excess heat generated by the electronic
components. Five distinct heat sink designs are developed
in their investigation, including the primary design
(Cylindrical heat sink) and four geometries derived from the
primary design (Cylindrical concave, cylindrical-convex,
cylindrical-wave, and cylindrical-wave). Aluminum 6063
was opted to be used as the material for the heat sinks. Each
heat sink had 10W of thermal power applied to it from a
heat source, and their respective designs’ heat dissipation

the

fluid dynamics program Solidworks Flow Simulation.

performances were analyzed in computational
Temperature profiles, fin heights, material weights, and
surface areas are just some of the metrics used to evaluate

the designed heat sinks.

The thermal issues of electronic components are
typically solved by using heat sinks, which are widely
regarded as the most cost-effective, hassle-free option. In
this simulation analysis, we present different pin designs
for a pin fin of a heat sink, in which the pins are changed
to create more different shapes between them. Then,
a numerical thermal analysis is performed for natural
convection for circular shape in an inline arrangement
under steady-state conditions on both the traditional pin
fin heat sink and the modified pin fin heat sink. Improved
efficiency is one of the many benefits of the modified pin
fin heat sink compared to the standard design. The finite
element method is utilized in conjunction with Solidworks

to perform this numerical thermal analysis (Arefin, 2016).

Aluminum and copper, in their various forms, both
have high heat conduction coeflicients and are thus used
in the fabrication of heat sinks. Particularly popular are
aluminum alloys due to their high strength and low weight.
Sixty-five percent of the market is dominated by the 6XXX
series of aluminum alloys due to their superior specific
strength, toughness, corrosion resistance, and weldability
as well as the presence of silicon and magnesium (Mengjun
et al., 2005; Panigrahi et al., 2009; Panigrahi et al., 2009).

g
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The most significant issue is the overheating that is
produced by electronic equipment, which leads to an
increase in temperature and, ultimately, permanent damage
to the electronic components. Because of this, having an
effective electronic cooling system is crucial. Temperature
and other thermal quantities can be measured and analyzed
over time through a process called transient thermal
analysis. The current investigation is aimed at developing
a heat sink for an electronic printed circuit board CPU,
RAM, and PCLe to USB 3.0 bridge. Autodesk Inventor Pro
with Nastran module was used to conduct the analyses of
the different fin configurations and aluminum and copper

material combinations used in this work.
Material and Method

Material

Raspberry Pi is a well-known development card. It
is used for different image processing and analysis, deep
learning, control, and prototyping applications of smart
farming drones. A Raspberry Pi card operating temperature
changes between 0°C and 85°C (Anonymous, 2023).
The main usage points for heat sinks at a Raspberry Pi
development card are CPU, RAM, and PCLe to USB 3.0
bridge (Figure 1).

CPU heat sink
RAM heat sink

Figure 1. Raspberry Pi with heat sink usage points

S —
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The design of heat sinks has been created and analyzed
in Autodesk Inventor Pro with Nastran In-CAD (under
education license) and has the dimensions 14 x 14 x 6 mm,
14 x 9 x 5mm, and 9 x 9 x 5 mm for CPU, RAM, and
PCLe to USB 3.0 bridge, respectively (Fig. 2). The slot in a
rectangular heat fin is typically a maximum of 140 mm by
50 mm, while a circular heat fin’s slotted hole is typically 1

mm in diameter.

-

ws

Figure 2. Dimensions of the designed heat sink models




Autodesk Inventor Pro’s Nastran analysis module is

utilized for post-design evaluation for Al and Cu materials

(Table 1).

Table 1. Material properties of designed models for

thermal analysis

Properties Aluminum Copper
0 2.7¢-9 8.94¢-9
E 68900 1.175e+5
v 0.33 0.345
a 2.4e-5 1.7e-5
C 8.97e+8 4.5¢+8
K 230 401

Method and Modeling

The simulation-driven design has largely replaced
traditional prototyping and testing in the last decade to
cut down on time and money spent developing products.
Rather than spending time and money creating physical
prototypes, engineers can instead use flexible simulation
models to foresee how a product will perform. Not all
time and money savings come from cutting down on
individual design tasks, but rather from combining design
teams, using concurrent engineering principles, and
speeding up the entire design-through-manufacturing-
through-maintenance process. To save significant time
during the later stages of design, prototyping, and testing,
a manufacturer may invest more time performing thermal

analysis at the beginning of the design process.

Strict thermal analysis has the potential to lessen the
number of malfunctions in the field as well. When compared
to these time savings, the time spent on analysis or 3D
design and assembly is negligible. Connecting the various
MCAD, ECAD, and CAE (analysis) software programs
used by engineers and designers presents a challenge (Man
etal., 2010).

Technique for simulating heat transfer

The maximum temperature of 85 °C is used to model
heat sinks in this analysis (Figure 3). Aluminum alloy and
copper are being considered as heat sink materials. The
research is simulated at the temperature of 0-85 °C with
linear steady-state thermal analysis. The following are the

parameters for the boundaries: properties of aluminum and
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copper are assigned as 85 °C heat source temperature. The
heat source is transferring energy to the heat sink, which
causes a heat flux to be exerted on the heat sink. Once the
aforementioned boundary conditions have been applied,
the simulation is run in both steady-state and transient
modes.

0 degrees Celsius heat

85 degrees Celsius heat transfer

O

Figure 3. Heat transfer of a sample model

Construction of a heat sink Autodesk Inventor Pro
is used to create five distinct fin designs, and then the
Nastran analysis module is used to compare and contrast
each design. Autodesk Inventor Pro’s Nastran module offers
thermal analysis to help predict how a design will react
to different temperatures. Linear steady-state, nonlinear
steady-state, and transient thermal analyses are all included
in the simulation. Autodesk Inventor Pro’s Nastran module
offers thermal analysis to help predict how a design will
react to different temperatures. Linear steady-state,
nonlinear steady-state, and transient thermal analyses are
all included in the simulation. Dimensions for all five heat
sinks are presented in Figure 2. Both the bottom and the
fin have the same thickness of 1 mm. Also, both aluminum

and copper are used to construct the heat sink.

Results and Discussion

After comparing Copper and Aluminum in the package,
it was discovered that the latter offered much better heat
dissipation, reducing the likelihood that the board’s CPU,
RAM, and PCLe to USB 3.0 bridge would overheat (Figure
4 -9). When we look at all models for Al and Cu materials,
it is seen that model ‘@ has the best cooling performance

while model ‘¢’ is the worst.

g
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Figure 4. Thermal analysis results of five different CPU heat sink models with aluminum material
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Figure 5. Thermal analysis results of five different CPU heat sink models with copper material

ZIRAAT MUHENDISLIGI | Yil:2023 | Say:378 WL :




ZikAA]‘
6 'MUHENDISLIG

I |

[ |
[ | |

[

Figure 6. Thermal analysis results of five different RAM heat sink models with aluminum material
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Figure 7. Thermal analysis results of five different RAM heat sink models with copper material
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Figure 8. Thermal analysis results of five different PCLe to USB 3.0 Bridge heat sink models with aluminum material
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Figure 9. Thermal analysis results of five different PCLe to USB 3.0 Bridge heat sink models with copper material
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In figures 4-9, it is seen that the thermal gradient
changes between 0 to 85 °C, in models ‘@, ‘b’, ¢, and ‘d’
the thermal value decrease to 0 °C, with the surface area
increasing the efficiency of the heatsink increasing in the
models, respectively. Between these models in Figure 4-9,
it is also seen that the critical point starts in the model ‘¢’
at every figure. Because in model ‘¢’ the heatsink thermal
value increases at 85 °C, it is seen that there is no efficient
cooling application at each of ‘€ models in the figures. The
simulation results show that there is no significant thermal
efficiency difference between materials based on the small

models.

There is evidence from Seo et al. (2012) that using a
copper spreader reduces heat sink temperature by about
3 degrees celsius compared to not using one. Within an
error of 2 degrees celsius, both the simulated and measured
temperatures agree very closely with one another. The

simulations’ efficacy is plain to see.

Ozdilli and Sevik (2020), suggest that the cylindrical-
concave type provided the best performance, while the
cylindrical-convex type provided the worst performance.
When compared to other cooler shapes, the cylindrical-
concave cooler was superior because of its large surface area,

high fin ratio, and low filling volume.

It has been noted by Pal (2014) that the performance
of fins and heat sink is heavily dependent on thermal mass,
exposed surface area, and geometric placement of fins. The
optimal performance of a heat sink for an LED depends
on its material, fin structure, ambient fluid temperature,
orientation concerning gravity, and the color, texture, and

conductivity of the interface layer used.

According to the simulation analysis results and designed
small model dimensions and the maximum 85 °C heat level,
it can be implied that between Al and Cu heat sink models,
there is no significant difference between Al and Cu heat
sink models related to the ability of better heat transfer. As
the main result, it can be said that the simulation analysis
results show that the cooling achievement is directly related
to the correct heatsink design and enough surface area.
Additionally, low price levels and material properties of

heat sinks that give resistance to environmental conditions
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are the other significant factors for heat sink production

and selection.

Conclusion

The design, manufacturing, and maintenance processes
can all be streamlined with computer-aided design (CAD)
and simulation software. However, prototyping and testing
are essential to the design process. This is a reliable method
for obtaining precise outcomes. The final design was created
and refined using data obtained from the Nastran module
of the Autodesk Inventor Pro software. Model refinement in
the future should lead to more precise estimates of thermal
coeflicients. Generally, in the markets when they are selling
small Al and Cu heatsink models, they claim that Cu heat
sink models can better heat transfer from Al heat sinks. But
the simulation analysis results show that this is not diretcly
true. It could be true looking at the material properties, but
focused on the small dimensions and desing shapes, also
high price levels, and resistance to environmental conditions
the results are changing. The cooling achievement is directly
related to the correct heatsink design and enough surface
area in this heat level. In the research, it is implied that the
agriculture drones have their own set of restrictions. Some
of these include pilot involvement; average image quality;
average implementation costs; stability; maneuverability;
reliability; standardization; engine power; limited power
sources; limited flight duration; etc. to access to agriculture.
In this way, based on the results one more restriction is
explained and analyzed in addition to the literature, and in
the future better designs can be done and sold in the market
and heatsinks to give us a chance to use electronic circuits
and board more efficiently to improve the agricultural

application success.
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The size and shape of the agricultural parcel are important
factors in improving the agricultural structure. These factors
positively affect farmers, especially in matters such as the use of
agricultural tools and machines in field crop cultivation, time
saving and good soil cultivation. In this context, the size and
aspect ratio of the existing parcels are directly linked to the income
to be obtained from the unit area. Land consolidation projects
are ongoing in approximately 30% of the total agricultural area
in Tiirkiye. In addition, the state’s efforts to give agricultural land
to landless farmers continue in Tuirkiye. Considering our current
agricultural production capacity, planning the new parcels to be
created during these studies will significantly contribute to our
field crop production. For this purpose, the average parcel size
was determined by analysing the land distribution norm values
of 4321 settlement units within the scope of the Agricultural
Reform Law No. 3083 on Land Arrangement in Irrigation
Areas, published in 1984, and the size of 1868 sufficient income

1 Tarim ve Orman Bakanligi, Tarim Reformu Genel Mii-
diirliigii, Tarim Arazileri Yonetimi Daire Baskanligt
2 Ankara Universitesi Ziraat Fakiiltesi, Tarimsal Yapilar Law No. 5403, published in 2014. As a result of this study, it was

lands within the scope of the Soil Conservation and Land Use

ve Sulama Boliimii concluded that, on average, an agricultural parcel of 64 decares

) in irrigated lands and 157 decares in dry agricultural lands is
3 Tarim ve Orman Bakanligi, Tarim Reformu Genel Mii-

diirliigii, Tarim Arazileri Yonetimi Daire Baskanligi the most suitable size for growing field crops. Likewise, it was

4 Ankara Universitesi Ziraat Fakiiltesi, Tarimsal Yapilar ve  concluded that the parcels were rectangular in shape and the
Sulama Bolimii
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Kabul Tarihi : 03 Aralik 2023 Key words: parcel size, field crops, parcel aspect ratio, yield

aspect ratio was close to 1:2.
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Ozet

Tarimsal yapinin iyilestirilmesinde, tarim parselinin
buytikligt ve sekli 6nemli faktorlerdendir. Bu faktorlerin

ozellikle bitkileri

yetistiriciliginde tarim alet ve makinelerinin kullanimi,

optimum durumda olmast, tarla
zaman tasarrufu ve iyi toprak igsleme vb. konularda ciftcileri
olumlu ydnde etkilemektedir. Bu baglamda, mevcut
parsellerin biiytikliigii ve en boy orani ile birim alandan elde
edilecek gelirle dogrudan baglanulidir. Tiirkiyede toplam
tarim alanmin yaklagtk %30’un da arazi toplulastirma
projeleri devam etmektedir. Ayrica Tiirkiyede topraksiz
ciftgilere devlet tarafindan tarim arazisi verilmesi ¢alismalari
devam etmektedir. Bu ¢alismalar esnasinda olusturulacak
yeni parsellerin mevcut tarimsal iiretim kapasitemizin
distiniilerek planlanmasi, tarla bitkileri {iretimine 6nemli
katkisi olacaktir. Bu amagla; 1984 yilinda yayinlanan 3083
sayilt Sulama Alanlarinda Arazi Diizenlemesine Dair Tarim
Reformu Kanunu kapsamindaki 4321 yerlesim birimine ait
arazi dagium normu degerleri ve 2014 tarihinde yayinlanan
5403 sayili Toprak Koruma ve Arazi Kullanim Kanunu
kapsamindaki 1868 adet yeter gelirli arazi biiytikliigii analiz
edilerek ortalama parsel bityiikliigii belirlenmistir. Bu caligma
sonucun da ortalama olarak tarla bitkileri yetistiriciliginde
sulu arazilerde 64 dekar, kuru tarim arazilerinde 157 dekar
tarim parselinin en uygun biiyiiklik oldugu sonucuna
varilmistir. Ayni sekilde parsellerin dikdortgen sekilli ve en
boy oraninin da 1’e 2 yakin degerlerde olmasi kanaatine

vardmistir.

Anahtar kelimeler: parsel biytikliigii, tarla bitkileri,

parsel en boy orani, verim

1- Introduction

With the rapid increase in the world population and
especially the effect of global climate change, adequate
and balanced nutrition of people has become much more
important. Under the negative impact of the global climate
change on agricultural production, the importance of
obtaining higher efficiency and net income per unit area
has increased even more. The world population is increasing
every year. In addition, the importance of food supply is
increasing day by day, especially due to irregular migration

in Turkiye and the population growth rate being higher
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than expected. In this regard, it has been revealed that the
shape and size of agricultural land is an element that should
be taken into consideration, as well as efforts to increase

efficiency in agricultural production (TUIK 2023).

In many countries of the world and Tiirkiye, there are
legal regulations regarding the normal size of agricultural
lands or the size of agricultural land with sufficient income.
Particularly in field crops grown on large lands, parcel size
and parcel shape increase their importance. In Tiirkiye,
grains, especially wheat, are grown mostly on large lands
where dry farming is done. In irrigated lands, they are also
grown, but their weight is increasing in corn and other field

crops.

Agricultural reform practices have been carried out in
many countries around the world, and in these practices,
agricultural parcels of different sizes have been distributed
to farmers, taking into account the climate, soil and other
conditions of the countries. It is known that within the
scope of land reform, 20 decares of dry land and 8 decares
of irrigated land were distributed to farmers in Egypt, and
20 decares of dry land or 8 decares of irrigated land were
distributed to farmers in India. Similarly, it is known that
250 decares of agricultural land were distributed to farmers
in Pakistan, 62 to 96 decares in Italy, and 28 decares in
Bulgaria (Tiirker, 2010).

It has been reported that in Tirkiye, within the scope
of Law No. 3083, the distribution of more than 1 million
decares of land has been carried out to approximately
17,000 landless farmers in 180 villages or towns in 15
provinces since 1984 (Kesli, 2010).

Especially when consolidation is carried out in irrigation
projects, blocks are formed by taking into account criteria
such as irrigation planning, soil structure and topography
of the land, irrigation length, and aspect ratios of the
parcels. Thus, the usage areas of the parcels increase and
production increases are achieved with the application
of technical agricultural methods such as irrigation,
mechanization, alternation and production planning, soil
cultivation and harvesting tasks become easier. Time and
labour losses, as well as increased input costs, are caused

by some parcels in the consolidation area not being able to
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benefit from existing service roads, irrigation and drainage
channels. With land consolidation, fragmented lands are
combined into well-shaped parcels, access to the parcels
becomes easier and business income increases. It has been
determined that there will be a 25% net increase in the

income of agricultural enterprises with land consolidation

(Kiisek et al., 2015)

Since tillage carried out on square-sided plots with
a certain aspect ratio is more successful in terms of
mechanization efficiency, divided and misshapen plots
should be rearranged and brought into agriculture in a
short time. There is a close relationship between the shapes
of parcels and agricultural income. The shapes of the parcels
directly affect agricultural mechanization and intra-parcel
irrigation. More labour and materials will be required to
irrigate an improperly constructed parcel, regardless of the
method used. This situation will also increase production
costs (Bursali, 2007).

Important studies were carried out, especially in the
Netherlands and Germany, on the effect of parcel shapes
on agricultural mechanization practices. Cordes (1970) and
Dinger (1971) compared different parcel shapes in terms of
agricultural mechanization and when the time-rectangular
unit was taken to cultivate equal-sized parcels, they gave
the losses in other shapes as follows: Rectangular: 1.00,
trapezoidal: 1.10, square: 1.20, triangle: 1.30. In those
studies, they stated that rectangular parcels with smooth
edges resulted in higher income per unit area, as less expense

was incurred.

In a study aimed at determining the relationship
between the parcel size of agricultural lands and the income
to be obtained from the unit area, results were obtained
on the aspect ratio of the parcels. In that study conducted
on small-scale agricultural parcels, it was stated that in a
rectangular parcel, the aspect ratio of the parcel also affects
the agricultural mechanization within the parcel. It was
explained that the most appropriate parcel width/height
ratio was 1/5-1/4 (Cevik and Tekinel, 1989).

In the study conducted by Ayranci (2004), which
aimed to determine the most suitable parcel aspect ratio;

the monetary values of edge and border effect losses, which
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are two main factors effective in the activities carried out on
the parcel, were taken into account. Therefore, the point
where the total costs were lowest was accepted as the most
suitable parcel aspect ratio. As a result of the study, it was
determined that the most suitable parcel length/width ratio
should be between 2-2.5.

In the study conducted by Polat and Manavbast
(2012), it was calculated that 48.8 L/ha was saved in
fuel consumption during a production period after
consolidation in on-field crop production activities.
The research concluded that land consolidation not only
increases agricultural production and productivity in rural
areas but also contributes greatly to the protection of air
quality. Reducing fuel consumption and carbon emissions,
especially in rural areas, will prevent the negative effects of

air pollution and climate change to some extent.

It is stated in the sub-legislation that the parcel shape
to be created in the land distribution studies carried out
within the scope of Law No. 3083 should be as rectangular
as possible and the aspect ratio should be close to 1:2 (TT
2021).

In a study conducted in Konya province, they
determined that the number of tractors per 1000 ha area
was 65.72; and the processed area per tractor is 152 decares
(Oguz et al., 2017). In that study, it was seen that dry and
irrigated lands were evaluated together and an average
parcel size was given. In this sense, it was determined that
the farmers who have a sufficient income land size or land

equal to the land norm own a tractor.

In a study conducted with the proportional sampling
method in Cumra district of Konya province, it was
concluded that the examined enterprises had an average of
212 decares of land and processed an average of 176 decares
of land per tractor (Berk and Keskin, 2020).

Akincr et al. (2002) conducted research to determine
combine harvester operating values during wheat and
corn harvest. According to the findings, it is stated that
an average combine harvester can harvest an area of 128

decares after 8 hours of work.

The land size distributed in the last period of the

| Yil: 2023 | Say:: 378



Ottoman Empire and the beginning of the Republic of
Turkiye was generally evaluated as the size of the land that a
pair of oxen could plough. The definition of farmer derives
from here. People who own a pair of oxen and carry out
agricultural activities by ploughing the field in this way are
called farmers. The agricultural lands that a family with
a pair of oxen could cultivate annually with this pair of
oxen formed the basis of land reform. It would be more
appropriate to think of what is meant by cultivation here as
the size of the land that a family can use by ploughing the
land and then doing maintenance, harvesting and threshing.
However, after the transition to mechanized agriculture,
land sizes again evolved to the land that a family with a

tractor could cultivate annually.

In Article 8 under the title of land distribution of the
Agricultural Reform Law No. 3083 on Land Arrangement
in Irrigation Areas, which became law in 1984; “This
is the amount to be found, taking into account the land
size and soil properties to be given to those who will
benefit from the distribution, and the types of agricultural
enterprises envisaged for the region, provided that the
annual agricultural enterprise income is not less than one
million liras, according to the 1984 wholesale price index.”
There is a provision. In line with this provision, the land
distribution norm was expressed and the work continued

within this scope.

The basic logic of calculating both land norm and
sufficient income land size is the land size that a farmer
family (4 people, including father, mother and 2 children)
can cultivate using only their labour and earn their annual
living from the land they cultivate. This is how basic logic

has developed in the world. It is still going on.

2- Material and Method

The sufficient income land sizes determined separately
for each district and central districts included in the annexe
of the Soil Conservation and Land Use Law No. 5403,
published in the Official Gazette on 15/05/2014, were
transferred to the computer environment and calculations
were made. A total of 934 values, including 922 districts
and 12 central districts of 81 provinces, were transferred

to the computer environment. Irrigated, dry, planted and
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greenhouse values are given separately for each district and
central districts. Since the sufficient income land size for
planted agricultural lands in each district was determined
as 10 decares, and the sufficient income land size for
greenhouses was determined as 3 decares (since it did not
show any variation), it was not included in the calculations.
Only irrigated and dry land sizes with sufficient income
were taken into account (since they vary). 1868 values
determined for dry and irrigated lands (934x2=1868) were

included in the calculation.

Within the scope of the agricultural reform law No.
3083 on Land Arrangement in Irrigation Areas, land
distribution norms determined in 58 provinces, 264
districts of these provinces and a total of 4351 settlement
units (villages, towns, neighbourhoods) connected to these
districts have been determined in 1983 and published in
the Official Gazette. Calculations were made by transferring
them to the environment. Although norm values have been
determined in some settlements within the scope of Law
No. 3083 for special products grown in that region, such
as paddy, olives, fruit trees, citrus fruits, pomegranates,
vineyards, pistachios, almonds, walnuts, figs, apricots, sour
cherries, cherries and apples, these values have not been

included in the calculations.

In the calculations made within the scope of Law
No. 3083, the provincial arithmetic averages of the dry
and irrigated land distribution norms determined in that
province were taken. The general average was reached based
on these values. Similarly, the sufficient income land sizes
determined within the scope of Law No. 5403 were first
taken as provincial averages and the arithmetic average
values of each province were used in the calculations. After
taking the arithmetic averages of each province, weighted
averages were calculated by taking into account the shares
of the provinces in Tiirkiye’s agricultural areas. The general
average values were reached after first taking the arithmetic
and then the weighted averages of the values within the
scope of Laws No. 5403 and 3083.

The results were obtained by analysing the land
distribution norm and sufficient income agricultural

enterprise size figures declared within the scope of laws no.
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3083 and 5403 in Tiirkiye in a computer environment. By
taking the weighted average values, the average parcel size

for Tiirkiye was concluded.

Paragraph (1) of the 3rd article under the definitions
heading of the Soil Conservation and Land Use Law No.
5403 states, “Agricultural land size with sufficient income:
Considering the regional differences, the agricultural land
sizes with sufficient income determined in the attached list
number (1) of the provinces and districts.” expressed. As a
basic approach, these determined sizes express the land size
that will provide a living for a farmer family mentioned in
Law No. 3083. The definitions of “land norm” or “sufficient
income agricultural land size” mentioned in both laws
are the results of the same approach. It is just expressed
differently in accordance with the purposes and periods of

the two laws.

Law No. 3083 was accepted by the Turkish Grand
National Assembly on 22/11/1984 and came into force
by being published in the Official Gazette on 1/12/1984.
Accordingly, in the calculations made, the equivalent of 1
million Turkish lira on that date (22/11/1984) was 158 226
TL (5823 Dollars) in 2023 (September). Dividing this value
by 12 months gives 13 185 TL (485 USD). Considering
that the minimum wage in Tirkiye for 2023 (September)
is 11 402 TL (419 dollars), agricultural lands with an
agricultural net income slightly above the minimum wage
are determined as the land distribution norm (land norm)

or the size of agricultural land with sufficient income (PDH

2023).

3- Results and Discussion

There have been significant changes in the use of
agricultural lands in Turkey between 2001 and 2022. While
total agricultural areas were around 40 million hectares in
2001, they decreased to 38 million hectares by the end
of 2022. Meadow and pasture lands have not changed
significantly in these years. The area under cultivation of
cereals and other plant crops continued to decline, despite

a decrease in fallow area. Fallow areas have been in a

—
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continuous decreasing trend since 2001 and have decreased
from approximately 5 million hectares to 3 million hectares
by 2022. While it was expected that grains and other plant
products would increase as a result of the decrease in fallow
areas, on the contrary, it was determined that there was
a decrease in the planting areas of grains and other plant
products in the period from 2001 to 2022. From 2001 to
2022, there has been an increase of approximately 1 million

hectares in the production area of fruits, beverages and spice

plants (TUIK 2023).

Field crops are produced in approximately 16 million
hectares of land in Turkey. Since Turkey has semi-arid
climate conditions, the production amount is quite
high, especially in dry conditions. Therefore, under these
conditions, parcel size and shape in field crops are very

important for the sustainability of agricultural production.

Cereals constitute the most important share in
Turkey’s agricultural production. It is known that in 2022,
approximately 1/3 of our country’s agricultural areas (6.6
million hectares) will be wheat cultivated areas. Although
wheat cultivation area has decreased in the total agricultural
area compared to 2001, it is still the most cultivated product
today. In addition, the total cultivation areas of basic field
crops such as barley, corn, sunflower, cotton and sugar beet
are quite high. This situation is enough to emphasize the
importance of parcel size and shape in field crops (TUIK
2023).

It is possible to say that the areas where wheat and
barley are produced, especially the more productive ones,
are shifting towards corn and sunflower. It is possible to see
from field observations that wheat and barley production
areas are squeezed into lands with lower productivity
capacity. Therefore, it is possible to infer that the sensitivity
regarding the parcel size and shape of wheat and barley
production areas has increased. It is thought that this
disadvantageous situation will benefit by improving the size
and shape of the partially less productive agricultural lands,

especially where wheat and barley are produced.
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Table 1. Smallest and largest dry land norm table within the scope of Law No. 3083 (20 provinces)

Nu. City District thlzzfti:lti(l)if R gfzi::ta: ll:nrﬁ e
Ministers D Issue (da) Hessielicky

1 Osmaniye Merkez 2012/3857 7.11.2012 | 28460 40 20
2 Hatay Hassa 2012/3857 7.11.2012 | 28460 50 20
3 Adana Saricam 2012/3538 8.09.2012 | 28405 70 35
4 Bitlis Abhlat 2014/5791 6.02.2014 | 28905 80 40
5 Aydin Merkez 2006/9965 17.02.2006 | 26083 94 34
6 Edirne Kesan 95/6596 30/03/1995 | 22243 100 35
7 | Ankara Evren 2012/3857 7.11.2012 | 28460 110 40
8 Isparta Keciborlu 2006/10454 21.07.2007 | 26589 120 48
9 | Antalya Aksu 2014/6412 19.06.2014 | 29035 130 60
10 | Burdur Tefenni 2006/11177 21.07.2009 | 26589 140 55
11 | Afyon Evciler 2010/99 27.02.2010 | 27506 150 60
12 | Kilis Merkez 2010/353 3.06.2010 | 27600 160 60
13 | Bayburt Merkez 2011/1385 13.02.2011 | 27845 172 57
14 | Malatya Yazihan 2009/15251 28.07.2009 | 27302 180 80
15 | Konya Celtik 95/6596 30/03/1995 | 22243 197 49
16 | Yozgat Cekerek 2011/2281 28.10.2011 | 28098 200 75
17 | Igdir Karakoyunlu 95/6596 30/03/1995 | 22243 220 56
18 | Kirikkale Delice 2008/14143 11.10.2008 | 27021 260 90
19 | Nevsehir Hacibektas 2008/14143 11.10.2008 | 27021 270 95
20 | Mus Merkez 2009/14773 15.03.2009 | 27170 295 80

Source: General Directorate of Agricultural Reform data (Anonymous 2023)

In Table 1, the smallest dry agricultural land norm
determined within the scope of Law No. 3083 was
determined as 40 decares in the central settlement of
Osmaniye Province, while this value was 295 decares in the
Central District of Mus Province, which was the province

with the highest value in Tiirkiye. Since the values of all
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provinces cannot fit into the table, 20 province values
representing the lowest and highest values are given.
While the land norm is determined low in provinces with
high agricultural production potential, the agricultural
production potential is determined much higher, especially

in places where climatic conditions are harsh.
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Table 2. Smallest and largest irrigated land norm table within the scope of Law No. 3083 (20 provinces)

Nu. City District thlzeé:)s::ll:i(l)f)f e gf:::ta: ll:nrﬁ Irrigated
Ministers s Issue (da) i)
1 | Osmaniye Merkez 2012/3857 7.11.2012 28460 40 20
2 | Samsun Bafra 2001/3201 23.11.2001 24592 50 28
3 | Mersin Tarsus 2001/2708 22.07.2001 24470 114 29
4 | Elazig Karakogan 2012/3857 7.11.2012 28460 70 30
5 | Balikesir Susurluk 2012/3857 7.11.2012 28460 52 32
6 | Amasya Géyniicek 2005/8675 24.04.2005 25795 80 40
7 | Sanliurfa Birecik 2002/4285 28.06.2002 24799 143 43
8 | Gaziantep Karkamig 2010/99 27.02.2010 27506 105 45
9 | Konya Eregli 2010/99 27.02.2010 27506 228 52
10 | Bayburt Merkez 2011/1385 13.02.2011 27845 172 57
11 | Eskisehir Beylikova 2009/15354 03.09.2009 27338 174 65
12 | Bilecik Boziiyiik 2010/196 11.03.2010 27518 214 69
13 | Nigde Bor 2007/12959 25.12.2007 26737 120 70
14 | Kars Arpagay 2006/10454 21.07.2007 26589 204 72
15 | Karaman Kazimkarabekir 2012/2682 17.01.2012 28176 200 75
16 | Malatya Yazihan 2009/15251 28.07.2009 27302 180 80
17 | Sivas Zara 2010/99 27.02.2010 27506 212 86
18 | Bitlis Mutki 2014/6412 20.06.2014 29035 185 90
19 | Kirgehir Cicekdag: 2010/223 9.04.2010 27547 226 95
20 | Van Merkez 2014/6412 19.06.2014 29035 200 100

Source: General Directorate of Agricultural Reform data (Anonymous 2023)

In Table 2, the smallest irrigated agricultural land

norm determined within the scope of Law No. 3083 is

determined as 20 decares in the central settlement of

Osmaniye Province, while this value is determined as 100

decares in the Central District of Van Province. Since all

values cannot fit in the table, 20 provinces are given with
the lowest and highest values. In addition to these minimum
and maximum values, sample figures between these values

reveal how the land distribution norm varies by province.

Table 3. Law No. 5403, smallest and largest dry and sufficient income agricultural land sizes (22 provinces)

Nu. City District Irrigated land (da) Dry land (da)
‘Adana Saimbeyli 90 120
Edirne Uzunkoprii 50 125

y—
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3 Antalya Aksu 60 130
4 Sivas Ulas 80 135
5 Sanliurfa Halfeti 65 135
6 Yozgat Yerkoy 75 140
7 Tunceli Cemisgezek 70 145
8 Usak Ulubey 80 145
9 Batman Besiri 60 155
10 Yozgat Sarikaya 90 155
11 Zonguldak Merkez 75 160
12 Ankara Bala 70 165
13 Adiyaman Gerger 70 170
14 Amasya Merkez 75 170
15 Yozgat Kadigehri 90 175
16 [Zonguldak Caycuma 100 180
17 Aksaray Merkez 75 185
18 Cankirt Korgun 80 185
19 [Elang Karakocan 85 185
20 Sivas Dogangar 90 190
21 Tunceli Nazimiye 85 195
22 Van Saray 100 200

In Table 3. the smallest dry and sufficient income
agricultural land size determined within the scope of
Law No. 5403 was determined as 120 decares in Seyhan
District of Adana Province, while this value was determined
as the highest size with 200 decares in Saray District of
Van Province. Since not all values can fit in the table, the

lowest and highest values are given. In addition to these

minimum and maximum values, sample figures between
these values reveal how the size of agricultural land with
sufficient income varies by province. In provinces with
high agricultural production potential, dry and sufficient
income agricultural land sizes are determined to be low,
while agricultural production potential is determined to be

higher.

Table 4. Law No. 5403, smallest and largest irrigated and sufficient income agricultural land sizes (22 provinces)

Nu. City District Irrigated land (decares) | Dry land (decares)
1 Adana Ceyhan 50 160
2 Adiyaman Celikhan 55 140
3 Afyonkarahisar Dinar 60 200
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4 Tokat Erbaa 65 150
5 Yalova Termal 70 155
6 Zonguldak Devrek 70 150
7 Yozgat Yerkoy 75 140
8 Elazig Agin 75 175
9 Tunceli Pitliimiir 80 160
10 Amasya Hamamozii 85 190
11 Ardahan Cildur 85 175
12 Bartin Ulus 85 135
13 Bursa Biiyiikorhan 85 165
14 Denizli Bekilli 85 165
15 Diizce Giimiisova 85 155
16 Elazig Karakogan 85 185
17 Isparta Gelendost 85 170
18 [zmir Cesme 85 170
19 Zonguldak Gokgebey 90 160
20 Barun Merkez 95 135
21 Yozgat Cayiralan 95 170
22 Van Saray 100 200

As seen in Table 4. while the smallest irrigated and Province. The lowest and highest values are given since not

sufficient income agricultural land size determined within all values can fit in the table. In addition to these minimum
the scope of Law No. 5403 was determined as 50 decares and maximum values, sample figures between these values
in Ceyhan District of Adana Province, the highest value reveal how the size of agricultural land with sufficient

was determined as 100 decares in Saray District of Van income varies by province.

Table 5. Data for 58 provinces whose land norms are determined within the scope of Law No. 3083.

Dry Land Irricated Land
Ratio of 58 | Dry Land | Irrigated Norm Nrrrlrg;\;(/ ; 12 d

City Total area (da) | provinces to | Norm Avg. | Land Norm | Weighted © ciente

average
total area (%)| (decare) |Avg. (decare)| average <
: coefficient
coefhicient

TR521 Konya 18896147 9.01 175 56 15.8 5.0
TR510 Ankara 11624268 5.54 148 41 8.2 2.3
TRC21 Sanliurfa 11041577 5.26 143 43 7.5 2.3
TR722 Sivas 8055893 3.84 169 67 6.5 2.6
TR723 Yozgat 6095201 291 231 87 6.7 2.5

5() | e—

ZIRAAT MUHENDISLIGI | Yil: 2023 | Say:: 378




= =
BZIRAAT
@ 'MUHENDISLIG!

TRC22 Diyarbakir 5758477 2.75 145 42 4.0 1.2
TR332 Afyonkarahisar 5520519 2.63 186 69 4.9 1.8
TR412 Eskisehir 5478028 2.61 176 52 4.6 1.4
TR833 Corum 5374037 2.56 216 67 5.5 1.7
TR721 Kayseri 5366411 2.56 190 65 4.9 1.7
TR621 Adana 5046224 2.41 103 45 2.5 1.1
TRA11 Erzurum 4194829 2.00 163 75 3.3 1.5
TR211 Tekirdag 4153674 1.98 95 41 1.9 0.8
TR712 Aksaray 4104083 1.96 150 73 2.9 1.4
TR221 Balikesir 3908805 1.86 52 32 1.0 0.6
TRB21 Van 3813413 1.82 180 90 3.3 1.6
TR831 Samsun 3785032 1.80 90 31 1.6 0.6
TR321 Aydin 3693447 1.76 92 32 1.6 0.6
TR322 Denizli 3690191 1.76 129 49 2.3 0.9
TR632 Kahramanmaras 3559292 1.70 160 68 2.7 1.2
TRA21 Agni 3518720 1.68 187 90 3.1 1.5
TR611 Antalya 3478565 1.66 133 61 2.2 1.0
TRC11 Gaziantep 3467162 1.65 108 46 1.8 0.8
TR212 Edirne 3411076 1.63 99 33 1.6 0.5
TR522 Karaman 3370455 1.61 196 67 3.1 1.1
TR715 Kirsehir 3316724 1.58 186 64 2.9 1.0
TR714 Nevsehir 3305052 1.58 180 61 2.8 1.0
TR622 Mersin 3293121 1.57 126 27 2.0 0.4
TRC31 Mardin 3261656 1.55 150 50 2.3 0.8
TR832 Tokat 3137226 1.50 167 64 2.5 1.0
TR333 Kiitahya 3101750 1.48 70 20 1.0 0.3
TR711 Kirikkale 3076512 1.47 195 65 2.9 1.0
TR222 Canakkale 3005234 1.43 80 40 1.1 0.6
TR411 Bursa 2996454 1.43 166 57 2.4 0.8
TRB22 Mus 2811568 1.34 288 78 3.9 1.0
TR713 Nigde 2760728 1.32 120 70 1.6 0.9
TRB11 Malatya 2723394 1.30 146 57 1.9 0.7
TR213 Kurklareli 2484407 1.18 92 39 1.1 0.5
TR834 Amasya 2442795 1.16 126 46 1.5 0.5
TR631 Hatay 2379337 1.13 50 20 0.6 0.2
TRA22 Kars 2307152 1.10 204 75 2.2 0.8
TRC12 Adiyaman 2263390 1.08 200 90 2.2 1.0
TR334 Usak 2238657 1.07] 165 75 1.8 0.8
TR822 Cankirt 2206328 1.05 167 43 1.8 0.5
TRG612 Isparta 1920487 0.92 122 47 1.1 0.4
TRB12 Elazig 1824912 0.87 72 31 0.6 0.3
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TR613 Burdur 1576784 0.75 117 49 0.9 0.4
TRB23 Bitlis 1410398 0.67 117 56 0.8 0.4
TR633 Osmaniye 1261406 0.60 46 23 0.3 0.1
TRA23 Igdir 1142427 0.54 214 59 1.2 0.3
TRA13 Bayburt 1139612 0.54 172 57 0.9 0.3
TRC13 Kilis 1024756 0.49 173 71 0.8 0.3
TR906 Giimiishane 950689 0.45 172 57 0.8 0.3
TRC32 Batman 914896 0.44 270 90 1.2 0.4
TR413 Bilecik 869914 0.41 214 69 0.9 0.3
TR421 Kocaeli 793596 0.38 152 70 0.6 0.3
TR823 Sinop 742418 0.35 134 41 0.5 0.1
TRB13 Bingsl 686756 0.32 150 60 0.5 0.2

TR Turkiye (Total of 58

provinces) 209776062 100 150 56 153 55

TUIK 2023 data (. is used as decimal separator)

As seen in Table 5. the total amount of agricultural
land in 58 provinces (81/58) where the land distribution
norm is determined within the scope of Law No. 3083
is 209776062 decares. The arithmetic average of the dry
land norms of 58 provinces has been determined as 150

decares. The arithmetic average of the irrigated land norms

of 58 provinces was found to be 56 decares. In the analysis
made by taking the weighted averages of 58 provinces, it
was concluded that the dry lands were 153 decares. The
weighted average and arithmetic average of the norm values
in irrigated lands of 58 provinces were found to be the same

at 55 decares.

Table 6. Agricultural land sizes with sufficient income for 81 provinces within the scope of Law No. 5403

. Dry Irrigated Dry Land Irrigated Land
Ratio of Land Norm .
. Total area . Land . Norm Weighted
City 81provinces to | Norm Weighted
(da) Norm Avg. average
total area (%) Avg. average :
(decare) < coeflicient
(decare) coefficient
TR521 Konya 18896147 7.92 171 63 13.54 4.99
TR510 Ankara 11624268 4.87 188 80 9.16 3.90
TRC21 Sanliurfa 11041577 4.63 147 61 6.80 2.82
TR722 Sivas 8055 893 3.38 146 78 4.93 2.63
TR723 Yozgat 6095201 2.55 155 80 3.96 2.04
TRC22 Diyarbakir 5758477 2.41 151 63 3.64 1.52
TR332 Afyonkarahisar 5520519 2.31 186 70 4.30 1.62
TR412 Eskisehir 5478028 2.30 144 68 3.31 1.56
TR833 Corum 5374037 2.25 156 86 3.51 1.94
TR721 Kayseri 5366411 2.25 173 74 3.89 1.66

o—
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TR331 Manisa 5073527 2.13 162 68 3.44 1.45
TR621 Adana 5046224 2.11 147 67 3.11 1.42
TRAI11 Erzurum 4194829 1.76 154 96 2.71 1.69
TR211 Tekirdag 4153674 1.74 124 52 2.16 0.91
TR712 Aksaray 4104083 1.72 184 72 3.16 1.24
TR221 Balikesir 3908805 1.64 171 76 2.80 1.24
TRB21 Van 3813413 1.60 191 92 3.05 1.47
TR831 Samsun 3785032 1.59 165 76 2.62 1.21
TR321 Aydin 3693447 1.55 140 57 2.17 0.88
TR322 Denizli 3690191 1.55 170 65 2.63 1.01
TR632 Kahramanmaras 3559292 1.49 157 66 2.34 0.98
TRA21 Agn 3518720 1.47 191 95 2.82 1.40
TR611 Antalya 3478565 1.46 155 72 2.26 1.05
TRC11 Gaziantep 3467162 1.45 159 67 2.31 0.97
TR310 Izmir 3418312 1.43 143 59 2.05 0.85
TR212 Edirne 3411076 1.43 130 52 1.86 0.74
TR522 Karaman 3370455 1.41 155 67 2.19 0.95
TR715 Kirgehir 3316724 1.39 154 79 2.14 1.10
TR714 Nevsehir 3305052 1.38 154 76 2.13 1.05
TR622 Mersin 3293121 1.38 160 77 2.21 1.06
TRC31 Mardin 3261656 1.37 140 65 1.91 0.89
TR832 Tokat 3137226 1.31 161 81 2.12 1.06
TR333 Kiitahya 3101750 1.30 161 67 2.09 0.87]
TR711 Kirikkale 3076512 1.29 157 81 2.02 1.04
TR222 Canakkale 3005234 1.26 122 55 1.54 0.69
TR411 Bursa 2996454 1.26 150 71 1.88 0.89
TRB22 Mus 2811568 1.18 185 97 2.18 1.14
TR713 Nigde 2760728 1.16 169 77 1.96 0.89
TRB11 Malatya 2723394 1.14 184 88 2.10 1.00
TR902 Ordu 2587722 1.08 168 73 1.82 0.79
TR213 Kurklareli 2484407 1.04 136 59 1.42 0.61
TR834 Amasya 2442795 1.02 174 76 1.78 0.78
TR631 Hatay 2379337 1.00 146 61 1.46 0.61
TRA22 Kars 2307152 0.97 163 90 1.58 0.87
TRC12 Adiyaman 2263390 0.95 156 64 1.48 0.61
TR334 Usak 2238657 0.94 155 83 1.45 0.78
TR822 Cankirt 2206328 0.92 172 78 1.59 0.72
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TR323 Mugla 2049976 0.86 174 85 1.49 0.73
TRG612 Isparta 1920487 0.80 160 89 1.29 0.72
TRB12 Elazig 1824912 0.76 170 83 1.30 0.63
TR422 Sakarya 1747242 0.73 143 66 1.05 0.48
TR613 Burdur 1576784 0.66 180 85 1.19 0.56
TR903 Giresun 1533565 0.64 120 50 0.77 0.32
TR821 Kastamonu 1452285 0.61 175 79 1.06 0.48
TRB23 Bitlis 1410398 0.59 187 93 1.11 0.55
TRA12 Erzincan 1405189 0.59 177 88 1.04 0.52
TR633 Osmaniye 1261406 0.53 121 61 0.64 0.32
TRA23 Igdir 1142427 0.48 150 50 0.72 0.24
TRA13 Bayburt 1139612 0.48 180 70 0.86 0.33
TR424 Bolu 1107323 0.46 165 91 0.77 0.42
TRC33 Sirnak 1068607 0.45 162 76 0.73 0.34
TR901 Trabzon 1063286 0.45 120 50 0.53 0.22
TRC13 Kilis 1024756 0.43 153 64 0.66 0.27
TRI06 Giimiishane 950689 0.40 175 83 0.70 0.33
TRC34 Siirt 934877 0.39 146 73 0.57 0.29
TRC32 Batman 914896 0.38 157 63 0.60 0.24
TR413 Bilecik 869914 0.36 157 73 0.57 0.27
TR421 Kocaeli 793596 0.33 154 71 0.51 0.24
TRA24 Ardahan 770190 0.32 189 93 0.61 0.30
TR100 Istanbul 768433 0.32 148 63 0.48 0.20
TR423 Diizce 751128 0.31 153 73 0.48 0.23
TR823 Sinop 742418 0.31 168 76 0.52 0.24
TRB13 Bingol 686756 0.29 196 98 0.56 0.28
TR904 Rize 556992 0.23 165 70 0.39 0.16
TRB14 Tunceli 468235 0.20 165 81 0.32 0.16
TR812 Karabiik 428424 0.18 152 70 0.27 0.13
TRB24 Hakkari 427582 0.18 180 90 0.32 0.16
TR813 Bartin 406174 0.17 134 80 0.23 0.14
TR811 Zonguldak 402764 0.17 165 81 0.28 0.14
TRI05 Artvin 322722 0.15 198 76 0.27 0.10
TR425 Yalova 118864 0.05 157 80 0.08 0.04
TR Tiirkiye Total (da) 238639481 100 160 74 161 72

TUIK 2023 data (. is used as decimal separator)
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As seen in Table 6, the total agricultural land size
in 81 provinces of Tirkiye is 238639481 decares. The
province with the largest agricultural land is Konya with
18896147 decares. It is seen that Yalova is the province
with the least amount of agricultural land, with 118864
decares of agricultural land. Within the scope of Law No.
5403, agricultural land sizes with sufficient income were
determined and published on a district basis. Provincial

averages were found by taking the average of the sufficient

income land sizes determined in the districts of each
province. The weighted average value was found based on
the averages of the central district and other districts of the
province. While the arithmetic average of the provinces
was 160 decares for dry lands, the arithmetic average for
irrigated lands was found to be 74 decares. In the analysis
made by taking the weighted averages of 81 provinces, the
weighted average of dry lands was found to be 161 decares

and the weighted average of irrigated lands was 72 decares.

Table 7. Arithmetic and weighted averages of land norms and sufficient income land sizes in Ttirkiye

Arithmetic/Weighted Average Dry Land (decares)|Irrigated land (decares)
Arithmetic average of “land norm” within the scope of Law No.

3083 150 56
Arithmetic average of “sufficient income land size” within the

scope of Law No. 5403 160 74
Average 155 65
'Weighted average of “soil norm” within the scope of Law No.

3083 153 55
'Weighted average of “sufficient income land size” within the scope

of Law No. 5403 161 72
Average 157 64

As seen in Table 7, the arithmetic average of the soil
norm/sufficient income agricultural land size in dry lands
determined within the scope of laws no. 3083 and 5403 in
Tiirkiye was found to be 155 decares. In irrigated lands, this
value was found to be 65 decares. The weighted average of
the soil norm/sufficient income agricultural land size in dry
lands determined within the scope of laws no. 3083 and
5403 was found to be 157 decares. In irrigated lands, this

value was found to be 64 decares.

4- Conclusion

A general conclusion was reached by determining
the size of the lands that are irrigated and cultivated in
dry conditions, which will provide a living for a farmer’s

family, as determined within the scope of laws no. 3083
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and 5403 in Tirkiye. Studies on the size of agricultural
lands as well as their shape should have been examined.
In the studies examined, it was concluded that the shape
of agricultural lands, especially large agricultural lands
where field crops are grown, should be rectangular.
Likewise, it was concluded that the parcels were
rectangular in shape and the aspect ratio was close to 1:2.
It is understood from the studies that it is very important
that the edges of these rectangular parcels to be created are

straight or nearly straight.

In Turkiye, ideal average parcel sizes have been
determined for basic field crops such as wheat, barley
and sunflower, which are grown on large lands in dry and
irrigated conditions, and corn and cotton, which are grown

by a farmer family in irrigated conditions.

>



Accordingly, the ideal parcel size in large lands where
dry farming is done is 157 decares, and in large lands where
irrigated farming is done, the ideal land size is 64 decares.
These values are also supported by the work efficiency
values of agricultural machines such as tractors, seeders
and combine harvesters, which are used in very important
tasks such as planting, tillage and harvesting in field crop
cultivation. These values are valid for farming that a farmer
family can do with their own means. It should not be
overlooked that more productive results can be obtained on

agricultural lands above these determined sizes.

Considering the land structure and climatic conditions
in Tiirkiye, it will be of great benefit to pay utmost attention
to these values, especially in areas where consolidation is
being carried out, and to ensure that the parcel sizes to
be created are close to these values. It is very important
to create a parcel plan by paying attention to these values
in the projects of parcelling out large treasury lands and
distributing them to farmer families, in the efforts to land
landless farmers, which are still ongoing, albeit to a small
extent, in our country. It is considered important that
these values are not overlooked in the sharing to be made
due to heritage in order to ensure the sustainability of our

agricultural lands.
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Ozet

Bugday insanoglunun yerlesik hayata gectiginden beri en
cok kullandig1 temel besin maddesidir. Bitki slahgilari, artan
diinya niifusuna paralel olarak bugday bitkisinde de verimi
artrmak i¢in ¢ok biiylik gayretler ortaya koymaktadirlar. Bu
calismada Karahan-99 ekmeklik bugday cesidi ile BW3 bugday
genotipinin melezlenmesi sonucu elde edilen 22 F, hatt baz
ozellikler ile iligkili oldugu bilinen 11 fonksiyonel DNA markérii

ile karakterize edilmistir.

Arastirmada kullanilan 11 markérden 7 tanesi (Xgwm18,
Xwgp118, Xgwm131, Xgwm47, Sun479, Sun209 ve UHW89)
Karahan-99 x BW3 ekmeklik bugday popiilasyonunda polimorfik
bant tiretmistir. En fazla allel sayisi Sun479 markoriinden (18
adet) elde edilirken, en az bant sayist da UHW89 ve Xgwm131
(1 adet) markérlerinden elde edilmistir. Ortalama allel sayist
6.71 olurken, ortalama polimorfizm bilgi igerigi 0.99 olarak
tespit edilmigtir. Xgwm131 markorii Karahan—99_M6_72-10/
BW3_F4_10 genotipinde Y739 sar1 pas geni ile iligkili allele
sahip olurken, Xgwm18 markorii Karahan-99_M,_72-10/
BW3_F,_22 genotipinde Y726 sart pas dayaniklilik geni ile

iliskili beklenen uzunlukta bant vermistir.

Anahtar Kelimeler: Ekmeklik bugday, molekiiler markor,

sar1 pas,

Determination of Allelic Variation of Karahan-99 x BW3
Bread Wheat Population F, Individuals Using DNA Markers




Abstract

Wheat is the main nutrient that mankind has used
since settled life. Plant breeders are making great efforts
to increase the yield of wheat plant in parallel with the
increasing world population. In this study, 22 F, lines
obtained as a result of crossing Karahan-99 bread wheat
variety with BW3 wheat genotypes were characterized with
11 functional DNA markers belong to some agronomic

traits.

Of the 11 markers used in the study, seven worked
(Xgwm18, Xwgpl18, Xgwml31l, Xgwm47, Sun479,
Sun209 and UHWS89) in Karahan-99 x BW3 Bread
Wheat Population. While the highest number of alleles was
obtained from the Sun479 marker (18 bands), the lowest
band number was obtained from the markers UHW89
and Xgwmn131 (1 band). The mean number of alleles was
6.71, while the mean polymorphism information content
(PIC) was 0.99. Xgwm131 marker encoding Yr39 yellow
rust allele was interrogated at Karahan-99_MG6_72-10/
BW3_F4_3 genotype, while Xgwm18 marker amplified
Y726 stripe rust resistant gene at Karahan-99_M,_72-10/
BW3_F,_22.

Keywords: Bread wheat, Molecular marker, Yellow

rust,

1. Giris

Ulkemiz bugday gen merkezi verimli hilalin icerisinde
yer alan ekmeklik bugdayin onemli gen merkezlerinden
bir tanesidir. Ekmeklik bugday (Zriticum aestivum 1.)
tilkemizde oldukga genis alanlarda tiretimi yapilan 6nemli
bir tahil bitkisidir. Ekmek ve diger iriinler i¢in oldukca
biyiik miktarlarda tiiketilmesinin yant sira, {ilkemiz

diinyanin en 6nemli un ihracatcisi konumundadir.

Diinya Gida ve Tarim Orgiitii (FAO)’niin 2050 yili
projeksiyonuna gére Diinya niifusunun 12 milyar olacag:
ongoriilmektedir. Bu nedenle de hizla artan niifusun
erisebilecegi yeterli {iretimin yapilmasi gerekmektedir.
Diinya bugday iiretimi 1965 yilinda 216.9 milyon ha
alanda yaklagik 263 milyon ton, 2000 yilinda ise 215 mil
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ha alanda yaklagik 587 milyon ton iken; 2021 yilinda 220
mil ha alanda 770 milyon tona yiikselmistir (FAO, 2021).
Tiirkiye bugday tiretimi 2021 yilinda 6.62 milyon ha alanda

17.65 milyon ton olmus ve bu iiretimin 14.5 milyon tonu

ekmeklik bugdaydir (TUIK, 2021).

Ekmeklik bugday islah ¢aligmalari 6zellikle artan talebi
kargilamak i¢in, verim ve kalite ile hastaliklara dayaniklilik
konularinda yogunlasmistr. Ulkemizde de hem genetik
tabani genisletmek hem de yukarida belirtilen 6zellikleri
bir araya getirmek icin ¢esitli 1slah yontemleri kullanilarak
ekmeklik bugday cesitleri gelistirilmektedir. Melezleme
islaht da, bu slah yontemlerinin en 6nemlilerinden bir

tanesidir.

Bu calismada iilkemizde 6nemli bir alanda ekimi
Karahan-99  ekmeklik  bugday

kalitesini ve hastaliklara dayanikliligini artirmak icin, bu

yapilan gesidinin
ozellikler bakimindan iyi oldugu bilinen BW3 genotipi
ile melezlenerek bir popiilasyon olusturulmustur. F,
kademesine getirilinceye kadar morfolojik olarak segilen
bireylerin F, kademesinde de bazi hastalik ve kalite ile ilgili
markorlerle karakterize edilmesi icin 11 DNA markérii

kullanimistir.

Arastirmada, tilkemizin kighk dilim ekmeklik bugday
tiretim alanlarinda yaygin bir ekim alanina sahip, tane
verimi yiiksek, kiglik gelisme tabiatina sahip, kisa ve kuraga
dayanikli, beyaz kilgikli, beyaz taneli, Karahan-99 ekmeklik
bugday cesidi ile hastaliklara dayanikli olarak bilinen BW3
genotipinin melezlenmesi ile elde edilen 22 adet F, bireyinin
bazi kalite ve hastalikla ilgili fonksiyonel DNA markorleri

ile degerlendirilmesi amaglanmigtir.
2. Materyal ve Yontem

2.1. Materyal

Aragtirmada materyal olarak itilkemiz kighik dilimde
onemli bir alanda tretimi yapilan Karahan-99 ekmeklik
bugday ¢esidinin bazi hastaliklara dayanikliligini artirmak
icin BW3 genotipi ile melezlenmesi ile elde edilen F,

kademedeki 22 hat kullanilmigtir (Tablo 1).

>
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Tablo 1. Calismada kullanilan Karahan-99 ve BW3 ekmeklik bugday genotiplerine ait bilgiler

Gelisme Tescil

Adi Temin Edildigi Kurulug Orijini | Tabiat | One Cikan Ozellii Durumu

Bahri Dagdas Uluslararasi Soguga dayaniklilig iyi, kuraga ve Tescilli
Karahan-99 | Tarimsal Arastirma Tirkiye | Kislik yatmaya dayanikliligs iyi, kil¢ikls, beyaz >

e (1999)

Enstitiisti, Konya kavuzlu, beyaz, orta boylu

Kiiciik Taneliler Ulusal Gen Hastaliklara dayanikli, kalite 6zellikleri
BW3 Bankasi, Aberdeen, Idaho ABD Kishle iyi )

2.2. Yontem

2.2.1. Molekiiler Calismalar

DNA Izolasyonu: Bugday genotiplerine ait yaprak
ornekleri, 2 ml'lik tiiplere konularak -80 °C de saklanmuistir.
DNA eldesi Setrimid (CTAB) yontemine goére (Oliver
vd. 2010) yapilmustir. Kisaca; -80 °Cde bekletilen yaprak
ornekleri sivi azot eklenerek 6giitiilmiis 2 ml'lik ependorf
tiipler igerisine konulmustur. Orneklerin iizerine 65 °C'de
su banyosunda bekletilen DNA izolasyon ¢ozeltisinden (1
M Tris-HCI (pH:8), 0.5 M EDTA (pH:8), 5 M NaCl, %
2 wiv cTAB, %2 polyvinyl-pyrolidone-40, % 5 sarcosyl)
1 ml birakilmigtir. Tiipler 65 °C su banyosunda bir saat
bekletilmis, 20 dakikada bir yavasca alt st edilmistir.
Daha sonra orneklerin {izerine ¢eker ocakta 1 ml
kloroform:isoamil alkol (24:1) ilave edilmistir. Sonrasinda,
icerisinde 6rnekler bulunan tiipler 10000 (rpm) devirde

20 dakika santrifiij edilmistir. Daha sonra siipernatant

yeni tiiplere alinmis ve aynt miktarda -20°C de bekletilmis
isopropanol ilave edilerek hafifce 5-10 kez alt tist edilerek
cevrilmigti. DNA'larin  pelete déntismesi igin 10000
(rpm) devirde 30 dakika santrifiij yapilmisur. Santrifij
islemi sonrasinda DNA peletleri 1 ml % 70’lik etanol ile
iki defa durulanmis ve 13000 rpm devirde 2 dakika siire
ile santriftij edilerek etanol uzaklastirilirken DNA peletleri
temizlenmistir. DNA peletleri 1 gece kurumaya birakilmug
ve ertesi giin 250 pl RNase A soliisyonu (10 mM Tris-
HCI (pH7-7.5), toz RNAse A) eklenerek DNA izolasyonu
tamamlanmustir. {zole edilen DNA’larin kalite ve miktarlart

Nanodrop cihazinda 8l¢iilmiistiir.

DNA Primerleri: Calismada daha o6nce ekmeklik
bugdayda bau

fonksiyonel genlerin belirlenmesinde

kullanilan ve ayni zamanda akrabalik derecelerini

belirlemede de kullandan 11 DNA markérii
kullanilmigtir. Bu DNA primerleri Tablo 2’de gosterilmistir.

adet

Tablo 2. Molekiiler karakterizasyonda kullanilan DNA primerleri

Beklenen Bant
No | Primer Ad1 | Primer Dizisi (5’-3") Gen Bolgesi Referans Uzunlugu (bg) | Marker
(baz cifti)
Xgwml8_F | TTGCTACCATGCATGACCAT .
1 Xgwm18_R | TTCACCTCGATTGAGGTCCT Sart pas Yr26 Réder vd. 1995 | 186-190 Es-baskin
Xwepl18_F | AAGTGGAACAAGGTTACG .
2 Xwepl18 R | ACACTGGTCCATGAGGTT Sart pas Yr45 Livd. 2011 411 Baskin
Sar1 Pas Yr39, Yr26 lf; ;i ;:r vd.
(YrMY41) Sicaklik R ,d 2015:
3 Xgwml131_F |AATCCCCACCGATTCTTCTC Tolerans: (Klorofil Pen dV ) 4 ’ 153 Es-bask
Xgwml131_R [AGTTCGTGGGTCTCTGATGG icerigi ve yogunlugu), 2?;11 S-CY vd. s-baskin
Fertility restore geni, ’ )
Soguga tolerans geni Zhou vd. 2005;
Guo vd. 2012
Xgwm47_F | TTGCTACCATGCATGACCAT | Kara pas S19, St47 ve | .
4 | Xgwm47 R |TTCACCTCGATTGAGGTCCT | mor tane rengi Réder vd. 1995 | 186-153 Es-baskin

H—
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sun479_F CAAATGAAATGTGATCCTGTT

5 wnd79 R | TCATCTAACCAGCAATGGTAT Kara pas Sr49 Bansal vd. 2015 | 200 Es-baskin
sun209_F  |AG CTATGAGCTTCGCTATTG

6 w209 R | GTGATTGGTTCGGATTACTTA Kara pas Sr49 Bansal vd. 2015|148 Es-baskin

7 UHWB89-F | TCTCCAAGAGGGGAGAGACA Yiiksek Protein Distelfeld vd. 122 Es-bask
UHW89-R | TTCCTCTACCCATGAATCTAGCA | Gpc-Bl 2006 $oaskin

2.2.2. Polimeraz Zincir Reaksiyonlar1 (PZR)

PZR; 0.02 ml hacminde 96’lik PZR platelerine; 1.2 pl
dNTP karigim: (10 mM karisim (A+T+G+C)), 1.2 pl 10x
buffer, 0.1 pl MgCI, SSR primer cifti (5 ul F ve 5 ul R),
5 pl (60 ng) genomik DNA, 2.4 ul dH,0, ve 0.1 pl Taq
DNA polimeraz (5U/pl, Fermantes) gelecek sekilde toplam
20 pl soliisyon hazirlanmisur. Reaksiyonlar 95 °Clde 2
dakika calistiktan sonra 95 °C) 1 dakika, 55 °C 1 dakika
ve 72 °C'de 2 dakika calistrilarak, 95 °C ile 72 °C arasinda
40 dongii yapmast saglanmis ve son asamada 72 °Crde 20
dakika caligtirilarak tamamlanmigtir. Reaksiyon tiriinleri
kullanima kadar -20 °C bekletilmistir.

Fragment Analizleri: PZR isleminden sonra elde
edilen trtnler, % 3’litkk agaroz jelde, elektroforez tankinda

yuriitiilerek, genotiplere ait DNA bantlar1 elde edilmistir.

Ekmeklik  bugday
hatlarinin DNA markérlerine gore genetik benzerlikleri
NTSYSpc 2.21q (Rohlf, 2005) yaziliminda Dice indeks’e
(Dice, 1945) gore belirlenmistir. Her bir hatta ait alleller

Bantlarin Degerlendirilmesi:

‘0" veya ‘1’ (bantlarin varligi-yoklugu) olarak okunmus,
ikili (binary) veri matriksi elde edilmis ve bu sayede

de unweighted pair group method arithmetic average

Tablo 3. Calismada kullanilan markérlere ait allel sayilar

(UPGMA) kullanilarak hesaplanmistir.
2.2.3 Polimorfizm Bilgi Iceriklerinin Hesaplanmast

Her bir DNA markériine ait polimorfizm bilgi icerikleri
(PIC) Weir (1996)’in kullandig: formiille hesaplanmuistir.

PIC=1-2Pi* Pi; arasurmada calisilan 24 ekmeklik
bugday genotipinde 22 hat + Ebeveynlerin {’inci allelinin

frekansidir.
3. Bulgular ve Tartisma

3.1. Markoér Bagina Diigen Allel Sayist

Arastirmada 7 baskin ve es baskin DNA markorii ile
24 ekmeklik bugday genotipi karakterize edilmistir ve
toplam 47 allel elde edilirken, ortalama allel say1st ise 6.71
olmugtur. Bu markorlere ait bant sayilari ve primer bagina
diisen allel sayisi Tablo 3’te verilmistir. Calismada en ¢ok
allel sayist 18 bant ile Sun479 markoriinden elde edilmis,
bu markérii 9 allel ile Xgwp118 markorii takip etmistir.
Daha onceki caligmalarda Yiice ve Dumlupinar (2023),
markor bagina ortalama 15.2 adet allel sayist bildirirken,
Tsonev vd. (2021), 8.14 allel ve Vanzetti vd. (2013), 3.26
adet allel bildirmislerdir.

No Primer Ad1 Allel Sayist
1 Xgwm18 7
2 Xwgpl18 9
3 Xegwm131 1
4 Xgwm47 3
5 Sun479 18
6 Sun209 8
7 UHW89
Toplam 47
Ortalama 6.71
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3.2. Polimorfizm Bilgi Igerigi

Polimorfizm  bilgi icerigi (PIC), markorlerin
polimorfizm degerlerini goésteren 6nemli bir kriterdir.
Arastirmada elde edilen PIC degerleri Tablo 4’te verilmistir.

Calismada ortalama PIC degeri 0.99 olarak hesaplanmistir.

M
6 'MUHENDISLIG

PIC degeri bakimindan biitiin markérler 0.99 degerine
sahip olmuslardir. Polimorfizm bilgi igerigi ile ilgili literatiir
bilgileri incelendiginde, Kiraz vd. (2019), Aydemir vd.
(2020), Kogyigit vd. (2021) ve Yiice ve Dumlupimar
(2023), ortalama PIC degerini sirastyla 0.79, 0.98, 0.52 ve
0.94 olarak tespit etmislerdir.

Tablo 4. Calismada kullanilan markérlere ait PIC degerleri

No Primer Ad:1 PIC Degeri

1 Xgwml8 0.99

2 Xwegpllg 0.99

3 Xpgwml31 0.99

4 Xgwm47 0.99

5 Sun479 0.99

6 Sun209 0.99

7 UHWSE9 0.99
Ortalama 0.99

3.3. Allel Spesifik Markorler

Bugday sar1 pas dayaniklilik geni Y745 ile iligkili olan
Xwgpl118 markoriiniin  beklenen bant uzunlugu 411
b¢ dir (Li vd. 2000). Arastirmada kullanilan Xwgp118

150
100

90

KB F4 8

KB F4 1
KB F4 2
KB F4 3
KB F4 4
KB _F4 5
KB F4 6
KB F4 7

o
o
=1 [l
£ =
s M
o
4

Sekil 1. Xgwm118 markériine ait jel goriintiisii

KB F4 9

—
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markoriinden beklenen 411 b¢ uzunlugundaki allel, 24
ekmeklik bugday genotipinde gézlenmemistir. (Tablo 5).
Ancak, 90, 96, 100 ve 150 bg¢ uzunlugunda bantlar elde
edilmistir (Sekil 1).

KB F4 14

KB F4 10
KB F4 11
KB F4 12
KB F4 13
KB F4 15
KB_F4_16
KB F4 17
KB F4 18
KB F4 19
KB F4 20
KB F4 21
KB F4 22




UHWS89 markéric Gpe-BI geni ile iliskili, yiiksek
protein igerigini gostermektedir. UHW89 markériiniin
beklenen bant uzunlugu 122 b¢'dir (Distelfeld vd. 2006).
Arastirmada UHW89 primerinden hem yiiksek protein
icerigi geni ile iligkili hem de diger alleller bakimindan
higbir genotip i¢in bant elde edilememistir (Tablo 5). Daha
once, Giingdr (2019), tarafindan yapilan bir caligmada
Gpe-B1 geni ile iligkili genotipler tespit edilmistir.

Réder vd. (1998), tarafindan gelistirilen ve beklenen
bant uzunlugu 186 ve 190 bg olan Xgwm18 markériiniin
bugday sari pas hastaligt dayaniklilik genleri Y775 ve
Y726 ile alakali oldugu tespit edilmistir (Yong vd. 2015).
Aragtirmada kullanilan Xgwm18 markérii 100, 190 ve 250
b¢ uzunluklarinda bant vermis ve Karahan-99_M6_72-10/
BW3_F,_22 genotipinde sar1 pas dayaniklilik Y726 geni
ile ilgili bant uzunlugu elde edilmistir (Tablo 5). Onceki
calismalarda, Giingdr (2019), makarnalik bugday cesidi
Zenit'te Xgwm18 primerine ait allel bildirirken, Aydemir
vd. (2020), 15 genotipten sadece 2 genotipte bu allelin
varligini bildirmiglerdir. Xgwm47 markériintin bugdayda
kara pas hastaligina dayaniklilik geni $r9 ile iliskili ve
beklenen bant uzunlugunun 186 b¢ oldugu bildirilmistir
(Roder vd. 1998). Yine Li vd. (2010), bu markériin 153
b¢ bant uzunlugundaki allelinin 2A kromozomunun kisa
kolunda bulunan mor tane rengi ile iliskili gene 34.7

cM (sentimorgan) uzaklikta oldugunu bildirmislerdir.

Tablo 5. Allel spesifik markorlere ait bantlar

Zn‘ L h q
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Calismada, Xgwm47 markorii 3 allel olustururken, allele
ozgii bantlar hicbir genotipten elde edilememistir (Tablo
5). Bansal vd. (2015), tarafindan gelistirilen ve bugdayda
kara pas hastaligina dayaniklilik geni Sr49ile iligkilendirilen
Sun209 ve Sun479 markérlerinden sirasiyla 8 ve 18
allel elde edilmistir. Allele 6zgii beklenen bant uzunlugu
Sun209'da 148 bg iken, Sun479’da bu bant uzunlugu 200
b¢dir. Karahan-99 x BW3 popiilasyonunda bu allellere 6zgii
bant elde edilememistir (Tablo 5). Onceki caligmalarda,
Giingor (2019), Sun209 ve Sun479 markérlerini kullandigs
calismada makarnalik bugday genotiplerinde 5749 geni ile
iligkili bantlar elde etmistir. Yine Biiytikakkaglar vd. (2020)
ve Aydemir vd. (2020) yaptiklar1 calismada makarnalik
bugday genotiplerinde Sun209 ve Sun479 markorlerine
ait allele 6zgii bantlar elde etmislerdir. Xgwm131 markérii
Réder vd. (1995) tarafindan gelistirilmis ve 153 be ile sar1 pas
Y739 geni ile iliskilendirilmistir. Daha sonraki ¢alismalarda,
Yong vd. (2015) Y726 sar1 pas geninde YrMY41 allelini
belirledigini, yine Zhou vd. (2005) tarafindan yapilan
caligmada fertility restore geni ile iliskili oldugunu ve Guo
vd. (2012)’nin yapugi calismada da soguga tolerans geni
ile iligkili oldugu saptanmugtir. Ayrica, Pandey vd. (2015)
Xgwm131 markériiniin sicaklik toleransi, klorofil igerigi
ve yogunlugu ile iliskili oldugunu tespit etmistir. Yapmus
oldugumuz ¢alisgmada Xgwm131 markérii, Karahan-99_
M6_72-10/BW3_F4_10 genotipinde Y739 sar1 pas geni ile
iligkili,153 b¢ uzunlugunda bant elde etmistir.

Genotip = g 5 S o o § @
g 2 g g L,..; % g E
B1Z R 5| |8 |2 |5

Karahan-99

BW3

Karahan-99_MG6_72-10/BW3_F 1

Karahan-99 M6_72-10/BW3_F 2

Karahan-99_M6_72-10/BW3_F )

Karahan-99 M6_72-10/BW3_F 4_4

Karahan-99 M6_72-10/BW3_F D
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Karahan-99 M6_72-10/BW3_F 0

Karahan-99_M6_72-10/BW3_F —/

Karahan-99 M6_72-10/BW3_F 8

Karahan-99_M6_72-10/BW3_F )

Karahan-99 M6_72-10/BW3_F ~10

Karahan-99 M6_72-10/BW3_F 11

Karahan-99 M6_72-10/BW3_F 12

Karahan-99 M6_72-10/BW3_F ~13

Karahan-99_M6_72-10/BW3_F 4_14

Karahan-99 M6_72-10/BW3_F 15

Karahan-99_M6_72-10/BW3_F 16

Karahan-99_MG6_72-10/BW3_F,_17

Karahan-99_M6_72-10/BW3_F 18

Karahan-99_MG6_72-10/BW3_F,_19

Karahan-99_M6_72-10/BW3_F 20

Karahan-99_MG6_72-10/BW3_F,_21

Karahan-99_M6_72-10/BW3_F 22 +

4. Sonug ve Oneriler

Karahan-99 x BW3 eckmeklik bugday melez
popiilasyonunun 7 polimorfik DNA  markéra ile
karakterizasyonunun yapildigt bu ¢alismada, Karahan-99_
M,_72-10/BW3_F,_10  ve Karahan-99 M —72-10/
BW3_F,_22 genotiplerinde Xgwml31 ve
markérlerinden sirastyla Y739 ve Y726 sar1 pas dayaniklilik

Xgwml8

genleri ile iligkili, beklenen uzunluklarda alleller tespit
edilmistir. Arastirmada kullanilan markérlerin Karahan-99
x BW3 ekmeklik bugday melez popiilasyonunda oldukea
polimorfik oldugu ve Xgwm131 ve Xgwm18 markérlerinin
bu popiilasyon icin allel spesifik bant irettigi tespit
edilmisti. Bu sonuglara goére, bu markérlerin markér
yardimiyla 1slah (MAS) caligmalarinda kullanilabilecegi

degerlendirilmistir.

5. Tesekkiirler
KSU  Bilimsel

Koordinasyon Birimi tarafindan desteklenmis olup proje

Bu calisma, Aragtirma  Projeleri

—

ZIRAAT MUHENDISLIGI | Yil: 2023 | Say:: 378

numarast 2020/4-6 M (YLS)dir. Bu projeyi finansal olarak
destekleyen KSU BAP Birimine tesekkiirlerimizi sunariz.
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Kullanilabilecek Ornek Bir Havasiz Tekerlegin Materyal Analizinin Yapilmasi

Abstract
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Unmanned Aerial Vehicles (UAV) in categories 1 and 2 are
small in size and have a maximum gross take-off weight between
5 - 40 N and 40 - 250 N, with a normal operating altitude
of 120 m above ground level. One of the major concerns for 0000-0002-7329-1318
UAVs is the weight of aerial vehicles, which is aided primarily
by material changes. Tires for UAVs are primarily made of ABS,
rubber silicone, and nylon to reduce flight problems. These tires

add to the dead weight and drag during flight.

In response to these issues, a rigorous analysis was performed
to select the best possible configuration using various materials
such as Acrylonitrile Butadiene Styrene (ABS), rubber silicone,
and nylon materials. UAV wheel manufacturing is commonly
known as the production of high-strength light-weighing
parts. It also provides a broader range of design options and
favors an iterative design approach, so it is important the
method of production. To achieve the best results, the iterative
design approach was used in the analysis application. The
study incorporated a design for airless tires with 40 spokes,

leveraging Autodesk Inventor Pro for modeling. Subsequently,

the designs underwent Finite Element Analysis to assess static 1 Ankara University, Faculty of Agriculture, Department

radial strength. Bending and torsion stresses during landing were of Agricultural Machinery and Technologies Enginee-
o ) . . . ring, Ankara, Tiirkiye

deemed negligible owing to the lightweight nature of categories Génderilme Tarihi - 02 Ekim 2023

1 and 2 UAVs and were thus excluded from the analysis. Kabul Tarihi : 04 Aralik 2023

ZIRAAT MUHENDISLIGI | Yil: 2023 | Say:: 378 =¢




The modeled wheel design in Autodesk Inventor Pro
analysis based on Finite Element Analysis of the airless
wheels revealed that wheels made of rubber silicone
exhibited superior shock absorption, with a deformation
of only 2.314 mm at 625 N upon impact during UAV

landing maneuvers.

Keywords: Smart farming, UAV wheels, Airless wheel

manufacturing, Material analysis, Finite element method

Ozet

1. ve 2. kategorideki Insansiz Hava Araglari, kiigiik
boyutlu olup, maksimum briit kalkis agirligi 5 - 40 N ve
40 - 250 N arasindadir, normal ¢aligma irtifast yerden 120
m yiiksekliktedir. Insansiz hava araglarin igin en 6nemli
endiselerden biri, oncelikle malzeme degisiklikleriyle
desteklenen hava araglarinin agirligidir. IHAvlara yonelik
lastikler ugus problemlerini azalmak icin 6ncelikle ABS,
kaucuk silikon ve naylondan malzemelerden yapilmakradir.

Bu lastikler 6lii agirliga eklenir ve ugus sirasinda siiriiklenir.

silikon ve

Bu ABS,

malzemeler gibi cesitli malzemeler kullanilarak miimkiin

sebeple, kauguk naylon
olan en iyi konfigiirasyonu se¢mek icin titiz bir analiz
gergeklestirilmistir. IHA tekerlegi imalati, genellikle yiiksek
mukavemetli hafif agirlikli pargalarin tiretimi olarak bilinir.
Ayrica, daha genis bir tasarim segenegi yelpazesi sunar ve
yinelemeli bir tasarim yaklagimini destekler, bu nedenle
tretim yontemi 6nemlidir. En iyi sonuglari elde etmek
icin analiz uygulamasinda yinelemeli tasarim yaklagimi
kullanilmigtir. Bu caligma, 40 bolmeli havasiz tekerlekler
tizerinde yapilmusur. Tekerlek tasarimlari Autodesk Inventor
Proda modellenmis ve kategori 1 ve 2 IHAlarin hafif
olmast nedeniyle inis sirasinda tekerleklerin biikiilmesi ve
burulmasi goz ardi edilerek tekerlegin radyal yondeki statik

dayanimi sonlu eleman analizi kullanilarak incelenmistir.

Sonlu eleman analizine dayanarak Autodesk Inventor
Pro ile modellenen havasiz tekerlek tasarimi, IHAnin
inis sirasinda 625 N yitkte 2.314 mm’lik bir esneme
sergiledigini ve sok emiliminde kauguk silikon malzemenin

tistlin performans gosterdigini ortaya koymustur.

Anahtar Kelimeler: Akilli Tarim, THA Tekerlekleri,
Havasiz tekerlek imalati, Materyal analizi, Sonlu Elemanlar

Yontemi

B—
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Introduction

UAVs in agriculture use data in smart agriculture
remote sensing and plant monitoring to form the structure
detection of diseases and pests in plants based on techniques,
water stress detection, yield and maturity estimation, weed
flora detection, water resources control, and workers’
as passive applications made for surveillance purposes.
In recent years, smart agriculture has been adopted in
agriculture. It represents the start of a new agricultural

production management method (Tiirkseven et al., 2016).

Multiple typical fields of use, including ‘smart
agriculture’, are rapidly expanding UAV’s utility. Today’s
market features a diverse array of UAVs, each designed
with a specific function, wheel geometry, and main gear
setup, all reflecting the expanding UAV industry. In smart
farming applications, fixed-wing UAV models use landing

gears with wheels.

According to the Republic of Tirkiye Directorate
General of Civil Aviation, categories 1 and 2 Unmanned
Aerial Vehicles are medium-sized UAVs, with a Maximum
Gross Take-off Weight of 5 (included) — 40 N and 40
(included) — 250 N respectively, and a typical operating
altitude of 120 m above ground level (Fidan & Ulvi,
2021). This analysis is specifically focused on the wheel
components of these UAVs.

While the plane is on the ground, its landing gear
prevents it from tipping over. The gear is designed to
withstand the aircrafts momentum and weight upon
touchdown, serving as a critical buffer between the airplane
and potential disaster. It is essentially a one-dimensional
structure that experiences thermal shocks, high friction,
skidding, and non-linear elongation from the beginning
to the end of the landing (Kriiger et al, 1997). Landing
gear and wheels represent structural components that are
frequently modified to meet project-specific requirements,
as examined by de Souza et al. (2013). Utilizing software
that incorporates the Finite Element Method (FEM) for
these studies is crucial for optimizing design. Such tools
ensure that components are engineered to tolerate minor
displacements and strains while maintaining their essential

properties.




Airless tires, as emphasized by Suhag et al. (2013),
eliminate the need for a separate wheel and tire assembly.
They are engineered asan integral unit, replacing the multiple
components traditionally required. It consists of a rigid hub
connected by flexible, deformable polyurethane spokes to
a shear band and a tread band. In 2015, Shafabakhsh et
al. examined the impact of wheel load and configuration
on runway damage. They concluded that wheels bearing
substantial weight contribute significantly to this damage,
which is intricately linked to the way an aircraft disperses its
total weight through its landing gear system. UGVs can use
the airless wheels studied by Lizuka et al. (2020) to move
over hard and sloppy terrain. They imply that vehicles in
disaster zones are vulnerable to punctures when driving over
debris and can be stacked easily when driving over loose soil.
For their 2021 study, Kinoshita et al. focused on the design
and analysis of lightweight permanent magnetic wheels
tailored for inspection drones. Their goal was to enhance the
versatility of UAVs, making them more suitable for a variety
of applications. A comprehensive analysis of the design,
production methods, and structural dimensions of airless
tires is presented by Askarjon et al. (2022) in the literature,
along with a discussion of the potential applications
in the field of mechanical engineering. The airless tire
model presented by Sanjeev Kumar (2021) swapped out
the Polyethylene as engineered elastic for common elastic
materials. Quattrocchi et al. (2022) investigated the stress
and strain performance of an airless wheel prototype by
employing a synergistic approach of 2D digital image
correlation and thermoelastic stress analysis. Samples of the
novel airless wheels were 3D printed using fused deposition
modeling and stereolithography with polylactic acid
and photopolymer resin, respectively. These non-contact

methods are used to analyze the static mechanical behavior

Table 1. General properties of ABS Material

M
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of various wheel-ground contact configurations.

The design industry uses a straightforward strategy
by standardizing the design process for the parts on every
side of the usage environment. The procedure utilizes
elementary geometry and previous data to derive the crucial
dimensions of the landing gear. There is a growing need to
shift focus from traditional rubber tires to more lightweight
wheels, as the thickness of rubber tires not only contributes
to increased drag but also becomes superfluous weight

during flight.

One of the main concerns is the need to reduce the
weight of aerial vehicles by using airless tires, and this is
something that has been helped along by the introduction
of new materials. There is cause for alarm because the rubber
used in UAV tires is relatively hefty. These rubber tires not
only increase the UAV’s overall weight but also its resistance
to forward motion. Using the finalized airless wheel layout,
a finite element analysis of the aforementioned substances
was carried out. ABS, rubber silicone, and nylon materials
were tested for their relative strengths in airless wheel
designs with 40 spokes that were produced for UAV airless
wheel manufacturing for lightweight UAV wheels.

Material and Method

Material

The primary objective of this research was to achieve
a reduction in the weight of UAV wheels. To identify the
most effective material for this purpose, comprehensive
calculations were undertaken to evaluate various potential
materials. The candidates included Acrylonitrile Butadiene
Styrene (ABS), rubber silicone, and nylon, all of which
were assessed for their suitability based on their general

properties.

Information

Name Acrylonitrile Butadiene Styrene
Description Acrylonitrile Butadiene Styrene, Molded
Keywords ABS, structural, Plastic
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Type Plastic

Subclass Thermoplastic
Source Autodesk

Basic Thermal

Thermal Conductivity 1.600E-01 W/(m-K)
Specific Heat 1.500 J/(g-°C)

Thermal Expansion Coefficient

85.700 p m/(m-°C)

Mechanical

Behavior Isotropic
Young’s Modulus 2.240 GPa
Poisson’s Ratio 0.38

Shear Modulus 805.000 MPa
Density 1.060 g/cm’
Strength

Yield Strength 20.000 MPa
Tensile Strength 29.600 MPa

Table 2. General Properties of Rubber Silicone Material

Information

Name Silicone

Description Silicone Rubber
Keywords SI, structural, Plastic
Type Plastic

Subclass Elastomer

Source Autodesk

Basic Thermal

Thermal Conductivity

2.275E-01 W/(m-K)

Specific Heat

1.880 J/(g-°C)

Thermal Exp. Coefhicient

8.100 pm/(m-°C)

Mechanical

Behavior Isotropic
Young’s Modulus 0.003 GPa
Poisson’s Ratio 0.49

Shear Modulus 1.007 MPa

() —
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Density 1.250 g/cm?
Strength
Yield Strength 10.340 MPa
Tensile Strength 6.500 MPa

Table 3. General properties of Nylon Material
Information
Name Nylon 6/6 Composite
Description Molybdenum disulfide filled nylon
Keywords PA, Polyamide, lubricated, structural, Plastic
Type Plastic
Subclass Thermoplastic
Source Autodesk
Basic Thermal
Thermal Conductivity 2.400E-01 W/(m-K)
Specific Heat 1.340 J/(g-°C)
Thermal Expansion Coefficient 55.800 pm/(m-°"C)
Mechanical
Behavior Isotropic
Young’s Modulus 2.930 GPa
Poisson’s Ratio 0.35
Shear Modulus 1000.000 MPa
Density 1.130 g/cm?
Strength
Yield Strength 82.750 MPa
Tensile Strength 82.680 MPa

The analysis application took into account wheel
dimensions with 60 mm diameter for the center circle,
90 mm diameter for the total wheel, and 8 mm thickness,
also 40 spokes for light weight UAV wheel design with
the best shock absorbance material. A tread height of

1 mm was selected for the airless wheel to maintain the
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material properties and achieve optimal displacement
outcomes. The wheel designs were modeled and analyzed
in Autodesk Inventor Pro (under an educational license).
The static strength of the wheel in the radial direction was
then evaluated using FEA for Category 1 and 2 UAVs, as

illustrated in Figure 1.

>
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Figure 1. A sample of a basic drone landing gear with wheels (on the left) (Anonymous, 2023a) and an airless

wheel modeled in Autodesk Inventor Pro

Method

Design and finite element modeling

The use of the FEM proves to be a useful calculational
tool for analyzing the behavior of the materials used in
structural projects, such as the one assessing the mechanical
performance of the structures. Interpolating displacements,
efforts, tensions, and deformations along the elements
domain are possible thanks to the FEM, which can be
considered a method for generating approach functions.
Direct application of the form functions to the FEM’s
differential equation or too energetic principles like the
Virtual Works Principle allows for approximative resolution
of structural problems.

The deformation of the wheel was investigated through
design and finite element modeling. Figure 1 depicts
the Autodesk Inventor Professional model of the wheel,
conveniently assembled on a base for the simulation.
The design was analyzed using the Autodesk Inventor
Pro stress analysis solver, where it was subjected to radial

forces distributed across the entire wheel. Material-based
manufacturing is best known for its ability to create
lightweight, high-strength components. It was chosen
as the method of production because it provides more
options in terms of design and encourages an iterative
design process. The best outcomes were achieved by using
an iterative design process. The modeled wheel design
in Autodesk Inventor Pro analysis is based on the FEM
of the airless wheels and the 375 N, 500 N, and 625 N
loads as 1.5, 2, 2.5 times safety factor loads of 250 N in
the whole radial direction of the UAV airless wheel (Figure
2). Because category 2 UAVs weight limit is 250 N. Also,
normally three wheels are used in a UAV fuselage but this
application is focused on safe and resistant wheels, for this
aim maximum loads are applied with 1.5, 2, and 2.5 times
safety to the wheel, additionally since every point of the
wheels has the possibility of contact when landing, the load
was applied spread around it. Additinally, the models were
fixed from their insides because of this reason a tire rim was

not added to the model for the analysis.

Figure 2. The radial load of UAV airless wheel

7)) e—
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Results and Discussion of the airless wheels, with results detailed in Figures 3 to

) ) ) ) . 11. In the results, the Von Mises Stress, displacement, and
Despitethe potential forbendingand torsion experienced . .
safety factors were presented because Von Mises Stress is a

by wheels during landing, the analysis was confined to good predictor of failure, particularly for ductile materials,

radial forces, as demonstrated in the wheel design modeled displacement shows the deformation of the wheel, and the
in Autodesk Inventor Professional, employing FEA. This = safety factor shows the ratio yield strength / Von Mises

focus enabled a comprehensive and fundamental evaluation ~ Stress (Anonymous, 2023b).

Type: Von Mises Stress Type: Dispiacerrent Type: Safety Factor
Urit: VP ]

10.05.2023, 14:24:30
0,002018 Max.

: MPa
10.05.2023, 14:22:56 10.05.2023, 14:25:25.
0,484 Max.

0001634,

0001211

0.000807

0.000404

Qe e ey
Figure 3. Von Misses Stress (Mpa), Displacement (mm), and Safety Factor (ul) results of ABS material airless UAV
wheel under 375 N

Type: Von Mses Stess. Type: Displacement Type: Safety Factor
it: MPa 0

10.05.2023, 1412705
06512 Max.

10.05.2023, 14:27:44
0.00269 Max.

10.05.2023, 14:29:46

0.002152

0001614

0.001076.

0.1303 0.000538

0Mn

S B P

Figure 4. Von Misses Stress (Mpa), Displacement (mm), and Safety Factor (ul) results of ABS material airless UAV
wheel under 500 N.

Type: Von Mses Stress

Unit: MPa

1005.2023, 14:31:09
0,814 Max

06512

0326

01628

Ko £ &

Figure 5. Von Misses Stress (Mpa), Displacement (mm), and Safety Factor (ul) results of ABS material airless UAV
wheel under 625 N.
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Type: Sefety Factor

Type: Von Mses Stress T By
Urit: MPa Unit: mm Uit ul
10.05.2023, 1409:43 10052023, 14:11:12 10.05.2023, 14:11:41
CHEBIES 1388 Max =
@ 1111 2
0,291 0833 e
0,154 0555 O
0,097 0.278 g
OMn 0Mn o
Ps A a
P P o>

Figure 6. Von Misses Stress (Mpa), Displacement (mm), and Safety Factor (ul) results of Rubber Silicone material

airless UAV wheel under 375 N.

Type: Safety Factor

Type: Von Mses Syess Type: Displacement.
Urit: MPa Unit: mm Urit: U
10.05.2023, 14:14:20 10,05.2023, 14:15:19 10.05.2023, 14:16:23
0.6466 Max 1.851 Max 15
05173 1481 o
0.388 1111 9
o .
0.1294 037 3
3 1
Jes A ey

Figure 7. Von Misses Stress (Mpa), Displacement (mm), and Safety Factor (ul) results of Rubber Silicone material

airless UAV wheel under 500 N.

Type: Vo Mes Stress Type: Diplacement

Uit: MPa Uit mm

10.05.2023, 14:18:00 10.05.2023, 14:18:35
02083 Max. % 2314 Max

03233

01617

o o oe

Figure 8. Von Misses Stress (Mpa), Displacement (mm), and Safety Factor (ul) results of Rubber Silicone material

airless UAV wheel under 625 N.
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Type: Safety Factor

Type: Von Mses Stress Type: Displacernent

Urit: y

10.05.2023, 144631
15

Unit; MPa mm
10.05.2023, 14:44:58 10.05.2023, 14:46:05
0.001571 Max.

0001257

0000942

0.000628

0000314

oMn

L - o

Figure 9. Von Misses Stress (Mpa), Displacement (mm), and Safety Factor (ul) results of Nylone material airless UAV
wheel under 375 N.

Type: Ven Mses Stress Type: Displacement Type: Sefety Factor

Urit: MPa urit: mm :

10.05.2023, 144755
06545 Max

Unit:
10.05.2023, 14:48:26 10.05.2023, 14:48:58.

0,002094 Max
0523 0001675
03927 0001257
0000838

02518

0000419

. b Eesi

Figure 10. Von Misses Stress (Mpa), Displacement (mm), and Safety Factor (ul) results of Nylone material airless

UAYV wheel under 500 N.

Type: Ven Mses Stess Type: Sefety Factor
P

Type: Diplacement
Uit MPa urit: mm

10052023, 195056 10052023, 145126

08182 Max 0.002618 Max.

0654 0002094

0001571

03273 0001047

0.000524

. .- o

Figure 11. Von Misses Stress (Mpa), Displacement (mm), and Safety Factor (ul) results of Nylone material airless

UAV wheel under 625 N.

Table 4 provides a summary of the Von Mises rubber silicone, and nylon materials. The table
Stress (MPa), Displacement (mm), and Safety Factor compiles the results under static loads of 375 N, 500

(ul) for airless UAV wheels constructed from ABS, N, and 625 N.
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Table 4. Summary of the Von Misses Stress (Mpa), Displacement (mm), and Safety Factor (ul) results of ABS, Rubber

Silicone, and Nylone materials under various static loads.

Load (N) Material Von Misses Stress (Mpa) Displacement (mm) Safety Factor (ul)
375 ABS 0.4884 0.002018 15

500 ABS 0.6250 0.002690 15

625 ABS 0.8140 0.003363 15

375 Rubber Silicon 0.4850 1.388000 15

500 Rubber Silicon 0.6466 1.851000 15

625 Rubber Silicon 0.8083 2.314000 12.79

375 Nylon 0.4909 0.001571 15

500 Nylon 0.6545 0.002094 15

625 Nylon 0.8182 0.002618 15

The analysis showed that the 40-spoke Rubber Silicone
material wheel was the strongest and the best option for
shock absorbance with 2.314 mm displacement at 625
N. Prabhuram, et al. (2020) worked on static analysis
of different spoke structures of airless and conventional
tires with different materials. They found that the total
deformation on ABS +PC material combination at
Honeycomb, Diamond, Triangular spokes structure 0.286
mm, 0.053686 mm, 053703 mm; on PET material 0.24998
mm, 0.046625 mm, 0.046627 mm; on HIPS 0.41301 mm,
0.078062 mm, 0.78137 mm; on conventional tire 10.049
mm, -, -, respectively. Kumar et al. (2021) studied on
design optimization of the airless tire-numerical approach.
According to the design parameter, they found that the total
deformation on spokes was 0.010543 mm, on triangular
0.019843 mm, on circular, 0.0067021 mm, on hexagon
0.0082758 mm, respectively. de Souza et. al (2013) worked
on topological optimization and genetic algorithms used in
a wheel project for a drone. The simulated values of the
wheel to the deformation vary between 0,4561 mm and
0,8038 mm.

Conclusion

The wheel characteristics are important to know

when operating all standard and older unmanned

—
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aerial vehicles. Airless tires offer a simplified solution,
mitigating the complexities of terrain interaction, albeit
at a higher initial cost. Despite the availability and cost-
effectiveness of traditional rubber tires, the operational
efficiency and durability of airless tires provide a
compelling case for their adoption in UAV applications.
Ultimately, airless tires emerge as the superior option,
offering consistent performance advantages across
diverse operating conditions. Tires that have been filled
with air can be driven on asphalt and decent dirt roads.
Also, a different type of rubber silicone must be used to
get through the clay. Third, driving difficulties arise on
sandy or sandy-like surfaces due to the instability of the
soil. Considering that the study can be a basis for future
studies, examining different ground and shape design
computer-aided parameters has the potential to create

alternative solutions.
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ZenitxB27 Makarnalik Bugday Popiilasyonunun
SSR Markoérleriyle Molekiiler Karakterizasyonu

Molecular Characterization of ZenitxB27 Durum Wheat Population Using SSR Markers

OZET

Aragtirmada, Zenit ile B27 yerel makarnalik bugday cesidi
ve bu cesitlerin melezlenmesi sonucunda elde edilen 11 adet
makarnalik bugday genotipi, 8 adet allel spesifik DNA markorii
kullanilarak bazi hastalik ve kalite ile ilgili allellerin tespiti
yapilmistir. Molekiiler tarama sonucunda kullanilan 8 DNA
markorii 25 adet allel iiretirken, calismada kullanilan DNA
markérlerinin ortalama polimorfizm bilgi icerigi (PIC) degeri
0.9775 olarak tespit edilmistir. En yiiksek polimorfizm bilgi
icerigi degeri 0.99 olarak hesaplanirken, en diisitk polimorfizm
bilgi igerigi degeri 0.95 olarak hesaplanmistir. Calismada DNA
markérleri tarafindan {iretilen 25 allel kullanilarak olusturulan
dendrogramda, ebeveynlere gore iki ana grup meydana
gelmigtir.  ZenitxB27-7, ZenitxB27-9 ve ZenitxB27-11 ile
ZenitxB27-5, ZenitxB27-6, ZenitxB27-8, ZenitxB27-10
melez kombinasyonlari % 100 benzer bulunmustur. Arastirma
sonuglarina gére ZenitxB27-1, ZenitxB27-2 ve ZenitxB27-3
genotiplerinde Waxy (Wx-A1) dzelligine ait genler belirlenirken,
ZenitxB27-3 ve ZenitxB27-5 genotiplerinde yiiksek proteine
(Gpc-BI) ait gen bolgesinin yer aldigr saptanmustur.

Anahtar Kelimeler: Makarnalik bugday, SSR, DNA

markérii

ABSTRACT

In this study, 11 durum wheat genotypes obtained from

Zenit and B27 parents used to determine some disease and




quality related alleles using eight DNA markers durum
wheat genotypes. As a result of molecular screening, 8 DNA
markers produced 25 alleles and the average polymorphism
information content (PIC) value of the DNA markers
used in the study was 0.9775. The highest polymorphism
information content value was 0.99, while the lowest
polymorphism information content value was 0.95. In
the dendrogram created by using 25 alleles produced by
DNA markers in the study, two main groups were formed
according to the parents. ZenitxB27-7, ZenitxB27-9
and ZenitxB27-11 and ZenitxB27-5, ZenitxB27-6,
ZenitxB27-8 and ZenitxB27-10 cross combinations were
found 100% similar. According to the results of the research,
genes belonging to Waxy (Wx-Al) trait were determined in
ZenitxB27_1, ZenitxB27_2 and ZenitxB27_3 genotypes,
while the gene region belonging to high protein (Gpc-B1)
was found in ZenitxB27_3 and ZenitxB27_5 genotypes.

Key Words: Durum wheat, SSR, DNA marker
GIRIiS

Makarnalik bugday (Zriticum durum Desf.), kiiresel
bugday iretiminin %5’inden azini olusturan bir tahil
tirtidiir. Diinyada 9 milyon hektar alanda tiretimi yapilan
makarnalik bugday, oncelikle yari kurak bélgelerde
yetistirilir. Akdeniz iklim kugagina sahip bolgelerin
geleneksel bitkisi olan makarnalik bugday, yaklasik on bin
yil 6nce Giineydogu Anadolu’'nun da icerisinde yer aldig:
verimli hilal olarak tanimlanan alanda kiiltiire alinmig
ve daha sonra Kuzey Akdeniz ve Kuzey Afrika iilkelerine
yayilim gostermistir (Heun vd., 1997). Toplam bugday
tretimindeki kiigitk payina ragmen, makarnalik bugday
gida zincirinde gok 6nemli bir islev gormekredir. Ozellikle
makarna ve diger unlu mamullerin tretiminde diinya
genelinde agirlikli olarak kullanilmaktadir. Diinyanin artan
insan niifusunun siirekli artan gida taleplerini kargilamak
ve gelecekteki iklim degisikligi problemlerini ele almak igin
bugday tiretimini arturmayi hedefleyen 1slah projelerinde
cesitli bugday genetik kaynaklarinin kullanilmasinin 6nemi
vurgulanmaktadir.  Yerel makarnalik bugday cesitleri,
mevcut gesitlerin genetik varyasyonunun belirlenmesi ve
daha iyi tiretim icin bélgeye 6zgii kosullarin taranmasi icin

cok onemlidir (Robbana vd., 2019). Bu yerel ¢esitler genetik
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cesitlilik tizerinde olumlu bir etkiye sahiptir (Alghamdi vd.,
2017).

Geligtirilen yeni gesitler sinirli bir genetik temeli
Islah

calismalarinda biinyesinde daha fazla 6zellik barindiran

paylagsmakta ve benzer 6zellikler sergilemektedir.

ebeveynlerin belirlenmesi, yiiksek verimli ¢esit ile bir melez
kombinasyonu olusturabilir (Sajjad vd., 2018). Verimli
hibritlerin ve yeni c¢esitlerin gelistirilmesi i¢in, genetik
cesitlilik analizi sadece bugdayda degil, tiim {iirtinlerde
giderek daha kritik hale gelmektedir. Bununla birlikte,
soyagaci ve ortak akrabalik caligmalari genetik cesitliligin
belirlenmesinde ilk adimdir (Kim ve Ward, 2000). Bu
baglamda, morfo-fenolojik 6zelliklerin bugday genotipleri
arasindaki  genetik

cesitliligin  degerlendirilmesinde

etkili oldugu kanidanmisur. Bu nedenle, fenotipik
karakterizasyon bitki slahcilari i¢in 6zellikle bugday
olmak {izere bitki germplazmini gelistirmek icin gerekli
ve faydalidir (Najaphy vd., 2012). Agro-morfolojik
incelemelere ek olarak, molekiiler markér sistemleri genetik
varyasyonu degerlendirmek igin saglam bir temel saglar ve
erisilebilen ¢ok sayida gesidin kapsamli bir goriintiistinii

sunar (Afzal vd., 2018).

Molekiiler

haritalamalarinda, kantitatif ve kalitatif ozelliklerin 1slah

markérlerden;  genetik  ve  linkage
calismalarinda, genotipler arasindaki genetik uzakligin
tespitinde, seleksiyonda, ¢esit tescili korunmasinda ve
taniminda molekiiler markérlerden faydalanilmaktadir
(Bilgin ve Korkut, 2005). Yonlendirilmis minisatellitli
DNA ¢ogalumi (Directed Amplification of Minisatellites
DNA (DAMD)), Rastlantisal DNA
Polimorfizmi (Random Amplified Polymorphic DNA

(RAPD), basit diziler arast tekrarlar (Inter Simple Sequence

Cogalulmis

Repeat (ISSR)) , basit dizi tekrarlart (Simple Sequence
Repeat (SSR)), primerler arasi baglanma bolgesi (Inter-
Primer Binding Site (IPBS)) gibi molekiiler markérler
genetik cesitliligin degerlendirilmesi iin yararlidir (Giircan
vd., 2017; Demirel, 2020; Yildiz vd., 2021; Karakaya vd.,
2023). Molekiiler markorler daha fazla bilgi elde etme,
cevreden bagimsizlik ve kararlilik gibi gesitli avantajlar
saglar (Bulunuz Palaz vd., 2023).
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Markor teknolojileri arasinda en ¢ok tercih edilenlerden
bir tanesi de mikrosatellit olarak adlandirilan basit dizi
tekrarlaridir. Basit dizi tekrarlarinin tercih edilme sebepleri
arasinda egbaskin markér vermesi, PCR (Polymerase
Chain Reaction) kolayliginin bulunmasi ve polimorfizm
iceriklerinin yiiksek olmasindan dolay1 bitkilerde ¢ok fazla
bilgi sunmast sayilabilir (Roder vd., 1995). Bircok bitki
tiriinde, diinya genelinde birgok laboratuvarda basit dizi
tekrarlari basariyla kullanilmakeadir. Basit dizi tekrarlar
(SSR’ler),

seviyeleri, homojen dagilim ve kodominant kalium

bugday genomunda yiiksek polimorfizm
nedeniyle yaygin olarak kullanilmaktadir (Salem vd., 2015;
Uzun vd., 2022).

Aragturmada, Zenit ile B27 yerel makarnalik bugday
cesidi ve bu cesitlerin melezlenmesi sonucunda elde edilen
11 adet makarnalik bugday genotipinin SSR markorleri
kullanilarak bazi hastalik ve kalite ile ilgili allellerin tespiti

amaclanmustir.
MATERYAL VE METOT

Bitki Materyali

Arastirmada, materyal bitki boyu bakimindan kisa ve
protein orant yiiksek olan Zenit ile B27 yerel makarnalik

bugday ¢esitleri ve bu cesitlerin melezlenmesi sonucunda

Tablo 1. Arastirmada kullanilan DNA primerleri
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elde edilen 11 adet melez kombinasyonu (ZenitxB27_1,
ZenitxB27_2, ZenitxB27_3, ZenitxB27_4, ZenitxB27_5,
ZenitxB27_6, ZenitxB27_7, ZenitxB27_8, ZenitxB27_9,
ZenitxB27_10 ve ZenitxB27_11) kullanilmuistir.

DNA izolasyonu ve PCR
DNA cetyl

trimethyl ammonium bromide (CTAB) metodu kullanilmis
(Oliver vd., 2010) ve tiim genotipler sekiz allel spesifik DNA
markorii kullanilarak taranmustir (Tablo 1). PCR calismast
Yiice ve Dumlupinar (2023)’a gore; 200 pl hacminde 96
kuyucuktan olugan PCR platelerine; 1 pl dNTP karigsimi
(10 mM mix (A+T+G+C)), 3 ul 10x buffer, 1.2 ul MgCL,
DNA primer ifti (1 pl F ve 1 ul R), 3 pl (50 ng) genomik
DNA, 9,5 ul ddH, O ve 0,3 ul Tag DNA polimeraz (5 U pl

!, Fermantes) ile toplam 20 ul PCR ¢ozeltisi hazirlanmugtir.

izolasyonunun  gergeklestirilmesinde

PCR reaksiyonlart “eppendorf” marka thermal cycler
cihazinda; 95 °Cide 5 dakika, 95 °Cide 1 dakika, 55 °Cide
1 dakika ve 72 °Cde 1 dakika ve son asamada 72 °C ile
95 °C arasinda 35 dongii olacak sekilde calistirildiktan
sonra 72 °Cde 10 dakika calistirilarak tamamlanmistir.
PCR islemi sonrasi elde edilen iiriinlerin goriintiilenmesi,
Qiagen firmasinin “QIAxcel Advanced System” fragment
analiz cihazinda gerceklestirilmis ve genotiplere ait DNA

bantlar1 elde edilmistir.

Beklenen Bant

No Primer Adi1  Primer Dizisi (5'-3') Gen Bolgesi 5 Marker
Uzunlugu (bg)

| SunlF CGCTCCCTGAAGAGAGAAAGAA Waxy ?2311277[? 3;2 322 Es-baski
Sunl_R ATAGGCACAACCCCTAAC Wx-Al reago 3-baskin
Sun209 F AG CTATGAGCTTCGCTATTG

2 Sun209 R GTGATTGGTTCGGATTACTTA Kara pas §r49 148 Es-baskun
Sund79 F  CAAATGAAATGTGATCCTGTT

3 479 R TCATCTAACCAGCAATGGTAT Kara pas Srd9 200 Es-baskin

4 Bx7OF CCTCAGCATGCAAACATGCAGC Gluten “63 Eeback
Bx7°F R CTGAAACCTTTGGCCAGTCATGTC  Mukavemeti 3-baskin

s UHWB89_F TCTCCAAGAGGGGAGAGACA Yiiksek Procein Eebackin
UHW89_R TTCCTCTACCCATGAATCTAGCA Gpc-Bl $70A8
Xgwml8_F TTGCTACCATGCATGACCAT

6 Xewml8_R TTCACCTCGATTGAGGTCCT Sari pas Y726 411 Es-baskin
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Xgwml29_F TCAGTGGGCAAGCTACACAG

Fusaryum

7 Xgwml29_R AAAACTTAGTAGCCGCGT Bagak Yanikligy 217220 ve 223 Es-Baskan
Sar1 Pas Y739,
g XgwmI3LLF AATCCCCACCGATTCTTCIC i‘clakl‘k 157 Eebaske
Xgwm131_R AGTTCGTGGGTCTCTGATGG oeranst Fhasn
(Klorofil igerigi
ve yogunlugu)
Istatistiksel Analizler BULGULAR VE TARTISMA

Calismada materyal olarak kullanilan genotiplerin
genetik benzerlik iliskileri NTSYSpc 2.21q (Rohlf, 2005)
programinda, Dice indeks (Dice, 1945) kullanilarak
hesaplanmistir. Her bir genotipen elde edilen DNA bantlar:

«

“0” veya “1”7 olarak kodlanmis ve ikili bir veri matriksi

olusturulmustur.  Olusturulan  bu  matriks araciligiyla
UPGMA (Unweighted Pair Group Method Arithmetic
Average) yontemi kullanilarak genotiplerin benzerliklerini
gosteren bir dendrogram olusturulmustur. Polimorfizm
bilgi icerigi (PIC), Weir (1996) tarafindan aciklanan
formiil kullanilarak belirlenmistir; PIC = 1-YPi?, burada
Pi, caligitlan 13 makarnalik bugday genotipindeki i. alelin

frekansidir.

Aragtirmada materyal olarak kullanilan 13  adet
makarnalik bugday genotipinin benzerlik iliskisi sekiz DNA
markérii  kullanilarak taranmistir. Molekiiler taramada
kullanilan DNA markérlerinden elde edilen allel sayilari ve
polimorfizm bilgi icerigi degerleri Tablo 2'de gosterilmistir.
Calisma sonucuna gore, sekiz DNA markorii 25 adet
polimorfik bant cogalurken, ortalama allel sayis1 3,125
olarak bulunmugtur. Ortalama PIC degeri 0,9775 olarak
hesaplanirken, en yiiksek PIC degeri 0,99 ile Sun1, Sun479,
Bx79F ve Xgwm129 markérlerinden, en diisiik PIC degeri
ise 0,95 ile Xgwm18 markériinden elde edilmistir. Tsonev
vd. (2021) markor bagina 8,14 alel sayist bildirirken, Yiice
ve Dumlupinar (2023) markdr bagina 15,2 alel sayisi
belirtmistir. Aydemir vd. (2020), Biiytikakkaslar vd. (2020)
ve Kogyigit vd. (2021) calismalarinda PIC degerlerini
strastyla %79, %87 ve %52 olarak bildirmislerdir.

Tablo 2. DNA markérlerine ait PIC degerleri ve allel sayilar:

No Primer Ad1 Allel Sayist PIC Degeri
1 Sunl 11 0.99
2 Sun209 1 0.98
3 Sun479 1 0.99
4 Bx7°* 3 0.99
5 UHW89 1 0.98
6 Xgwm18 1 0.95
7 Xgwm129 1 0.99
8 Xgwm131 6 0.95
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Sunl primeri, Waxy (Wx-AI) genini tanimlamak i¢in
kullanilan bir primerdir. ZenitxB27_1, ZenitxB27_2
ve ZenitxB27_3 genotiplerinde Waxy 6zelligine ait gen
bolgeleri belirlenmistir (Sekil 1). Sunl primeri kullanarak
calismalar yiiriiten Maryami vd. (2014) 230 ve 265 bp,
Shariflou ve Sharp (1999) 219,233,260,271,275,285 ve
289 bp uzunlugunda alleller elde ettiklerini bildirmislerdir.
Sun209 ve Sun 479 primerleri bugdayda kara pas (5r49)
hastaligina  dayaniklilik gen bélgesini  tespit etmek
icin kullanilan isaretleyicilerdir. Arasturmada kara pasa

dayaniklilik gen bolgesini  barindiran  bir  genotipin

yer almadigi saptanmistr (Sekil 2). Bansal vd. (2015)

—
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ylirtitmiis olduklari ¢alismada, Sun209 primerinde 148 baz
¢ifti uzunlugundaki DNA bandinin ve Sun479 primerinde
ise 200 baz ifti uzunlugundaki DNA bandinin S§r49
dayaniklilik geni ile iligkili oldugunu bildirmislerdir. Bx7°*
primeri, gluten mukavemeti genlerini tanimlamak igin
kullanilan bir belirtectir. Arastirmada gluten mukavemetine
aitgen bélgesine rastlanmamuigtir (Sekil 2). Butow vd. (2003)
Bx7°F primerinin tanimladigt bélgenin 750 baz ciftlik
bolimiine denk gelen co-dominant bir primer oldugunu,
Glu-Blal (520 bp) bulundurmayan hatlarin gen dizilimine
43 bazlik bir ekleme ile 563 baz cifti uzunlugunda alleller

elde ettiklerini bildirmislerdir.

Sekil 1. DNA markorlerine ait jel goriintiileri a- Sunl, b- UHW89

UHW89 primeri, yiiksek proteine (Gpe-BI) ait gen
bolgesini belirlemede kullanilan bir belirtectir. Caligmada
yer alan ZenitxB27_3 ve ZenitxB27_5 genotiplerinde
yiiksek proteine (Gpc-BI) ait gen bélgesinin yer aldig
saptanmistir (Sekil 1). Distelfeld vd. (2006) UHW89
primerini kullanarak elde ettikleri 122 ve 126 bp
uzunlugundaki DNA bantlarinin yiiksek protein (Gpe-B1)
geni ile iligkili oldugunu bildirmislerdir. Xgwm18 primeri
sar1 pasa (Y715) dayaniklilik gen bolgelerini belirlemede
kullanilan bir isaretleyicidir. Calismada yer alan genotipler
arasinda sar1 pasa dayaniklilik gen bolgesi bulunamamigtir
(Sekil 2). Roder vd. (1998) Xgwm18 primerinin 182 baz
cifti uzunlugunda cogaltmis oldugu gen bélgesinin sari

pas hastaligina dayaniklilik geniyle iligkili oldugunu tespit

H—
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etmiglerdir. Xgwm129 primeri, fusarium bagak yaniklig:
(fusarium head blight) hastaligina ait gen bélgelerini tespit
etmede kullanilan bir belirtectir. Arastirmada yer alan
genotipler arasinda fusarium bagak yanikligina ait genler
saptanamamugtir  (Sekil 2). Xgwm131 primeri sicaklik
toleransi ve sar1 pas (Y739) hastaligina ait gen bolgelerini
belirlemede kullanilan bir belirtegtir. Arasturmada yer alan
genotipler arasinda sicaklik toleranst ve sari pas (¥739)
hastaligina ait genler saptanamamistir (Sekil 2). Roder vd.
(1998) Xgwm131 primerini kullanarak yiirtitmiis olduklart
calismada 157 baz cifti uzunlugunda elde ettikleri DNA
bandinin sicaklik toleransi ve sari pas (¥739) hastaligini

belirleyen genler ile iligkili oldugunu bildirmislerdir.
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Sekil 2. DNA markorlerine ait jel goriintiileri a- Sun209, b- Sun479, c- Bx7°F, d- Xgwm18, e-Xgwm129, {- Xgwm131

Sekiz adet allel spesifik DNA markorii kullanilarak
tarama yapilan Zenit ve B27 gesitleri ile bu ¢esitlerin
melezlenmesi sonucunda elde edilen 11 adet makarnalik
bugday genotipinden elde edilen verilerden UPGMA
metodu ile Weir (1996)’nin genetik mesafe matriksi
baz alinarak dendrogram olusturulmugstur ($ekil 3).
Dendrogramin olusturulmasinda Waxy (Wx-A1), Sicaklik
toleransi, yiiksek protein (Gpce-BI) ve gluten mukavemeti

gibi kalite 6zellikleri ile sar1 pas (Y715, ¥7r39), kara pas
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(5749) ve fusarium head blight gibi hastalik tiirlerinden
elde edilen veriler kullanilmigtir. Dendrograma gore
genetik  olarak  Zenit, ZenitxB27_7, ZenitxB27_9,
ZenitxB27_11 ve ZenitxB27_4 genotipleri digerlerinden
ayrilirken, ZenitxB27_7, ZenitxB27_9, ZenitxB27_11
ve ZenitxB27_5, ZenitxB27_6, ZenitxB27_8 ve
ZenitxB27_10 genotipleri ise %100 benzer olduklar: tespit

edilmistir.
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Sekil 3. Genotiplere gére olusturulmus dendrogram

SONUC

Zenit ve B27 yerel makarnalik bugday cesidinin
melezlenmesi sonucunda elde edilen 11 adet makarnalik
bugday genotipi ile Zenit ve B27 ebeveynlerinin 8 adet allel
spesifik DNA markorii kullanarak bazi hastalik ve kalite
ile ilgili allellerin karakterizasyonu yapilmistir. Arastirma
sonucunda, materyal olarak kullanilan ZenitxB27_3 ve
ZenitxB27_5 genotiplerinde yiiksek proteine (Gpe-BI) ait
allellerin bulundugu tespit edilmistir. Protein, makarnalik
bugdayda 6nemli kalite parametrelerinden birisidir. Yiiksek
protein (Gpe-B1) allellerini tastyan genotiplerin makarnalik
bugday islah calismalarinda ebeveyn olarak kullanilabilecegi

sonucuna vartmistir.

Arastirmacilarin Katkt Orani Beyan Ozeti

Yazarlarin katkisi esittir.

Cikar Catigmasi Beyani

Yazarlar bu ¢alismada hicbir ¢ikar iligkisi olmadigini

beyan etmektedirler.

—
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