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Tuz Stresi Altinda Karabugday (Fagopyrum esculentum Moench.)’1n
Cimlenmesi ve Fide Biiyiimesi Uzerine Borik Asit ile Tohum On
Uygulamasinin Etkisi
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Oz

Tuzluluk, bitkilerin ¢imlenmesini, biiylimesini ve verimliligini olumsuz yonde etkileyen diinya ¢apinda
ciddi bir sorundur. Tohum 6n uygulamasi (priming), basta tuz stresi olmak iizere bir¢ok abiyotik stres fakorlerinin
etkisini hafifleterek, tohumlarin ¢imlenmesini, fide gelisimini, bitkilerin biiyiimesini ve verimini artiran bir
tekniktir. Bu ¢aligma, tuz stresi altindaki karabugday (Fagopyrum esculentum Moench.)’in bor (B) ile priming
uygulamasimin ¢imlenme ve fide gelisimine etkisini incelemek igin yiiriitiilmiistir. Calismada karabugday
tohumlari, dort farkli konsantrasyon seviyesinde (1, 2, 3 ve 4 mM) borik asit (H3BO3) ¢6zeltisi ile 6n uygulamaya
tabi tutulmustur. Priming uygulamasindan sonra bu tohumlar, farkli seviyelerde (0, 100 ve 200 mM) sodyum kloriir
(NaCl) ile muamele edilmistir. Borik asit ve tuzlulugun ¢imlenme yiizdesi, ortalama ¢imlenme siiresi, ¢imlenme
tiniformite katsayisi, cimlenme enerjisi, ¢imlenme indeksi, fide yas agirlig1 ve fide gii¢ indeksi gibi farkli fizyolojik
biiylime parametreleri {izerine etkisi gozlenmistir. Priming uygulanmayan tohumlarin NaCl stresi altinda daha az
¢imlenme performansi ve fide bitylimesi gosterdigi gozlemlenmistir. Borik asit ile 6n islem uygulanan tohumlar,
kontrol (6n islem uygulanmayan) konusuna kiyasla ¢imlenme ve fide 6zelliklerinde (¢imlenme yiizdesi hari¢) daha
iyi gelisim gostermistir. Bu sonuglara gore, tuz stresi yasanan alanlarda, ¢cimlenmeyi iyilestirmeye yonelik olarak
ekim Oncesi karabugday tohumlarinin 1.0 mM borik asit konsantrasyonu ile 6n igleme tabi tutulmasi
onerilmektedir.
Anahtar Kelimeler: Karabugday, borik asit, tuz stresi, ¢imlenme yiizdesi, fide gii¢ indeksi.

Influence of Seed Priming with Boric Acid on Germination and Seedling Growth of
Buckwheat (Fagopyrum esculentum Moench.) Under Salt Stress

Abstract

Salinity is a serious problem worldwide that negatively affects plant germination, growth and
productivity. Seed priming is a technique that increases seed germination, seedling development, plant growth and
yield by alleviating the effects of many abiotic stress factors, especially salt stress. Present study was carried out
to investigate the effects of boron (B) priming on germination and seedling development of buckwheat
(Fagopyrum esculentum Moench.) under salt stress. In this study seeds of buckwheat were primed with four
different concentration levels (1, 2, 3, and 4 mM) of boric acid (H3BOs) solutions. After priming, these seeds were
treated with different levels (0, 100, and 200 mM) of sodium chloride (NaCl). The effect of HsBO3 and NaCl was
observe on different physiological growth parameter including germination percentage, mean germination time,
germination uniformity coefficient, germination energy, germination index, seedling fresh weight, and seedling
vigor index were observed. It was observed that seeds without priming exhibited reduced germination performance
and seedling growth under NaCl stress. Whereas priming of seeds with H3BO3 showed improved in germination
and seedling traits (except for germination percentage) as compared to non-primed seeds. According to these
results, it is recommended to pretreat buckwheat seeds with 1.0 mM boric acid concentration before sowing to
improve germination in areas experiencing salt stress.
Keywords: Buckwheat, boric acid, salt stress, germination percentage, seedling vigor index.
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Giris

Asya, Orta ve Dogu Avrupa'nin geleneksel bir {irlinii olan karabugday (Fagopyrum esculentum
Moench.) (Wijngaard ve Arendt, 2006), Polygonaceae familyasina ait; genel olarak 1liman iklimlerde
yetistirilen, yiiksek lif, mineral besin maddeleri, vitamin ve protein seviyeleri, dengeli amino asit
bilesimi ve yliksek biyolojik degeri nedeniyle 6nem verilen bir yalanci tahil (pseudo tahillar) tiirtidiir
(Wijngaard ve Arendt, 2006; Ozyazici ve Turan, 2021; Gabr ve ark., 2022; Borgonovi ve ark., 2024).
Karabugday ayrica, polifenoller, fitosteroller, flavonoidler gibi 6nemli miktarda biyoaktif bilesenler de
icerir (Wijngaard ve Arendt, 2006; Ozyazici ve ark., 2023; Sofi ve ark., 2023). Karabugday, hizl
gelismesi ve kisa vejetasyon siiresine sahip olmasi nedeniyle iyi bir ara {iriin ve ekim nobeti bitkisi
olarak kullanilmasi (Kara ve Yiiksel, 2014), yesil ot, kuru ot ve silaj bitkisi seklinde hayvan yemi olarak
degerlendirilebilme potansiyeli (Kara ve Yiiksel, 2014; Ozyazic1 ve Agikbas, 2022a; Ozyazici, 2023a),
karigik yetistirme sistemlerinin 6nemli bir bileseni olmasi (Salehi ve ark., 2018; Biszczak ve ark., 2020;
Cheriere ve ark., 2020) gibi 6nemli tarimsal 6zelliklere de sahiptir. Karabugday ayni zamanda, 6zellikle
colyak hastalar1 tarafindan giinliik beslenmenin bir pargasi olarak tiiketilebilen, saglikli ve fonksiyonel
bir gida irilinii olarak da biiyiikk bir 6nem tasimaktadir (Wijngaard ve Arendt, 2006). Karabugday
tariminda; sicaklik, tuzluluk, besin maddeleri gibi bir¢ok faktor, bitkinin verimliligini, iirtin kalitesini
ve potansiyelini etkilemektedir (Slawinska ve Obendorf, 2001; Taylor ve Obendorf, 2001; Matsuura ve
ark., 2005; Bicer ve Ozyazic1, 2020; Ozyazici, 2020).

Tuzluluk, kurak ve yar1 kurak bolgelerde bitkisel iiretimi sinirlayan en 6énemli faktorlerden
biridir (Acikbas ve ark., 2023). Tuzlu topraklarda, sodyum kloriir (NaCl)’iin asir1 birikimi; bitkilerde
osmotik stres, iyon toksisitesi ve oksidatif stresi sonuglandirarak tohum ¢imlenmesinde 6nemli oranda
azalmaya, klorofilin parcalanmasina ve fotosentetik oranlarda diisiise neden olur (Liu ve ark., 2018;
Navada ve ark., 2020; Rezayian ve ark., 2023). Bu anlamda ¢imlenme donemi, genellikle bitki yagsam
dongiisiiniin tuza en duyarli asamasi olarak kabul edilmektedir (Ashraf ve Wahid, 2000; Acikbas ve
ark., 2021). Giliniimiizde, ¢imlenme ve fide gelisim doneminden hasada kadar gegen siireg igerisinde,
bitkiler iizerindeki abiyotik streslerin etkisini engellemek icin cesitli stratejiler gelistirilmistir. Ozellikle
daha hassas olan ¢imlenme ve fide gelisim asamalarinda, bitkilerin abiyotik stres faktorlerine karsi
toleransinin iyilestirilmesinde ve/veya abiyotik stresin etkisini hafifletmek i¢in priming teknikleri
siklikla kullanilmakta (Gupta ve ark., 2024; Oyebamiji ve ark., 2024); bu teknik, ¢esitli abiyotik stres
altinda, ¢imlenme karakterlerinin iyilestirilmesine, bitki gelisimi ve iirlin veriminin tegvik edilmesine
katk1 saglamaktadir (Sedghi ve ark., 2010; Marthandan ve ark., 2020; Rhaman ve ark., 2020; Mutum ve
ark., 2021; Ozyazici, 2021).

Cimlenme Oncesi degisiklikler, genellikle hidro-priming, ozmo-priming, halo-priming,
kimyasal priming, besinsel priming, hormonal priming, biyo-priming, nano priming ve redoks priming
gibi ¢esitli tohum priming yaklagimlariyla saglanabilmektedir (Pawar ve Laware, 2018; Ceritoglu ve
ark., 2021; Mim ve ark., 2022). Tohum 6n uygulamasinin ¢cimlenme hizin arttirdig1 (Deering ve Young,
2006; Igbal ve ark., 2020), ortalama ¢imlenme siiresini kisalttigi (Moaaz Ali ve ark., 2020; C)zyazun,
2022a), fide canliligimi ve fide olusumunu iyilestirdigi (Harris, 1996; Arif ve ark., 2005; Ali ve ark.,
2007; Ghiyasi ve ark., 2019) rapor edilmistir. Priming teknikleri kapsaminda birgok ¢aligmalarda, tohum
¢imlenmesi ve fide canliliginin, makro ve mikro besin g¢ozeltilerinde tohum 6n uygulamalar ile
arttirlldig1 gosterilmistir (Ceritoglu ve ark., 2021; Mim ve ark., 2022; Faisal ve ark., 2023; Ghimire ve
ark., 2023). Mikro besin maddeleri agisindan zenginlestirilmis tohumlarin (tohum priming)
kullaniminin, ayn1 zamanda, mikro besin eksikliklerinin giderilmesinde de etkili bir strateji oldugu
bildirilmistir (Musakhandov, 1984; Harris ve ark., 1999). Mondal ve Bose (2019), mikro besin
maddelerinin uygulanmasinda kolay ve uygun maliyetli bir yontem olan tohum asilamanin, kaynak
sikintisi ¢eken ciftciler igin de cazip bir segenek sundugunu ifade etmislerdir.

Bu anlamda, bor (B) ihtiva eden farkli formdaki besin ¢ozeltileri de priming tekniginde siklikla
kullanilmaktadir (Abdollahi ve ark., 2012; Ozyazic1 ve Agikbas, 2021, 2022b; Acikbas ve Ozyazic,
2023). Diger yandan, tohum 6n uygulama etkileri; tuzluluk, diisiik veya yiiksek sicaklik, kuraklik, agir
metal gibi stres ortami kosullarinda devam eder. Bu nedenle, tuzluluk stresi kosullarinda tohumlarin
giiclinii arttirmak i¢in optimum ¢imlenme orani ve fide olusumu amaciyla farkli priming yontemlerinin
incelenmesi  gereklidir. Bu yoOntemlerde, tohum ©6n uygulamasi sirasinda, soliisyonun
konsantrasyonunun belirlenmesi sonucu etkileyen en kritik faktorlerden biridir. Ozellikle bor gibi besin
maddelerinin kullanildig1 ¢ozeltilerle tohum 6n uygulamasi, ¢cimlenmeyi ve erken fide biiylimesini ve
baz1 tarimsal karakterleri iyilestirir; fakat ayn1 zamanda, farkli Uriinlerde 6nemli oranda bazi verim
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kayiplarina da yol acar (Mondal ve Bose, 2019). Bu nedenle, bor ile priming uygulamasina yonelik
olarak uygun ¢dzelti konsantrasyonunun test edilip optimize edilmesi, dzellikle tarla uygulamasindan
once onem tasimaktadir. Bu ¢alismada, tuzluluk kosullarinda karabugday (F. esculentum) tohumlarina
farkli dozlarda borik asit priming uygulamalarinin ¢imlenme ve fide gelisimine etkisinin incelenmesi
amaglanmustir,

Materyal ve Yontem

Deney alam

Calisma, Siirt Universitesi Ziraat Fakiiltesi Tarla Bitkileri Boliimii Laboratuvari’nda kontrollii
sartlar altinda (25+1 °C) yiirtitiilmiistiir.

Bitki materyali

Calismanin bitkisel materyalini, “Giines” karabugday (F. esculentum) ¢esidine ait tohumlar
olusturmustur.

Tohum 6n uygulamasi ve deneysel tasarim

Aragtirmada karabugday tohumlart ilk olarak, 4 farkli borik asit (Hs:BOs; BA) dozlar (BA:=1
mM, BA;= 2 mM, BAs= 3 mM ve BAs= 4 mM) ile 6n uygulamaya tabi tutulmustur. Daha sonra, 6n
uygulama yapilmis ve yapilmamis (kontrol) tohumlar, ¢esitli konsantrasyonlarda (To= 0 mM, T1= 100
MM ve T,=200 mM) NaCl (T) ile simiile edilen tuzluluk stresi kosullar1 altinda ¢imlendirilmistir. Buna
gore laboratuvar deneyi, tesadiif parsellerinde faktoriyel deneme desenine gore 4 tekerriirlii olarak Petri
kaplarinda kurulmustur.

Her tekerriir icin 20 adet tohum kullanilmistir. Tohumlar 6nce, 5 dakika % 70 etil alkolde steril
edilmis; daha sonra, 3 kez steril su ile durulanmistir. Bu isleme ek olarak, tohum yiizeyindeki
mikroorganizmalarin deforme olmasi i¢in 1 dakika % 10’luk sodyum hipoklorit (NaOCl) + % 0.01
tween20 soliisyonu ile tohumlar: iyice kaplayacak sekilde yiizey strerilizasyonu gerceklestirilmistir.
Steril hale gelen tohumlar, Petri kaplari (90 mm x 15 mm)’nda, iki katli Whatman’s filtre kdgidinin
arasina yerlestirilmigtir.

Dort farkli konsantrasyonda hazirlanan BA soliisyonlari, her bir Petri kabina 5 ml olacak sekilde
uygulanmis ve tohumlar 8 saat siireyle priming uygulamasina tabi tutulmustur. Uygulamada, Johnson
ve ark. (2005) tarafindan bildirilen esaslara gore, tohum/soliisyon orani 2:1 g/ml olarak ayarlanmigtir.
Tohum 6n uygulamalari sonrasi, tohumlar saf su ile tiim yiizey temizlenecek sekilde yikanarak kurutma
kagidi icerisinde O6nce kabaca kurutulmus; daha sonra, tekrar kuru filtre kagidi arasina alinarak baslangic
nemine kadar (% 3+) kurutulmustur (Jatana ve ark., 2020). Priming uygulanan tohumlar ile 6n uygulama
yapilmayan (kontrol) tohumlar yeni Petri’lere yerlestirilerek, Petri kaplar1 25+1 °C sicakliga ayarl etiiv
(BINDER, GmbH, Almanya)’de ¢imlenmeye birakilmistir. Calismada, 24 saatte 1 kez olacak sekilde
her giin ayn1 saatte ¢imlenen tohumlar sayilmistir. Caligmanin bittigi gline kadar 48 saatte bir olmak
tizere, nemlilik durumuna gore, tuzluluk stresinin incelendigi Petri’lere tuz konsantrasyonlarina baglh
olarak tuz ¢ozeltisi, kontrol grubuna ise saf su ilave edilmistir.

Cimlenme ve fide gelisim parametreleri 6l¢iim yontemi

Calismada; ¢imlenme yiizdesi, ortalama ¢imlenme siiresi, ¢imlenme iniformite katsayisi,
¢imlenme enerjisi ve ¢imlenme indeksi gibi ¢imlenme parametreleri ile fide yas agirligi ve fide giig
indeksi ozellikleri incelenmistir. Cimlenme orani tespit edilirken, Scott ve ark. (1984) ile Soltani ve ark.
(2012)’nin bildirdigi esaslara gore en az 2 mm kokgeiik ¢ikisi cimlenme kistasi olarak kabul edilmistir.
Denemede, 10. giiniin sonunda her bir Petri kabindaki bitkilerden rastgele secilen 10 bitkide, filtre kagid1
ile yiizeydeki fazla su arindirildiktan sonra, fide yas agirhigi (FYA) oOlglimleri hassas terazi ile
yapilmustir.

Cimlenme yiizdesi (CY) (%): Her 24 saatte bir ¢imlenen tohumlar sayilarak Scott ve ark. (1984)
kullandig1 Esitlik 1’e gore belirlenmistir.

CY= (NCTS/TS)x100 (D)

Esitlikte NCTS, normal ¢imlenen tohum sayisini; TS, kullanilan toplam tohum sayisini ifade
etmektedir.

Ortalama ¢imlenme siiresi (OCS) (giin): Genel olarak tohumlarin ¢imlendigi giinii belirlemede
kullanilmakta olup, Esitlik 2’ye gore hesaplanmistir (Ellis ve Roberts, 1981).

OCS= Z(N;Ti/Ni) 2

Burada N, T; giiniinde ¢imlenen tohum sayisini; T, ¢imlenmenin baglangicindan itibaren gecen
giinlerin sayisini ifade etmektedir.
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Cimlenme iiniformite katsayist (CK): Bewely ve Black (1994) tarafindan bildirilen Esitlik 3
yardimiyla hesaplanmistir.

CK=Xn/Z[(OCS-t)*n] 3)

Esitlikte t, ekim gilinii olan 0. glinden baslayarak giin cinsinden siireyi; n, t gliniinde ¢cimlenmeyi
tamamlayan tohum sayisini ifade etmektedir.

Cimlenme enerjisi (CE): Li ve ark. (2020) tarafindan bildirilen Esitlik 4 yardimiyla
hesaplanmustir.

CE= (T+/N)x100 4)

Esitlikte Ty, birinci giinde ¢imlenen tohum sayisini; N, toplam tohum sayisini ifade etmektedir.

Cimlenme indeksi (CI): Wang ve ark. (2004) tarafindan bildirilen Esitlik 5 yardimiyla
hesaplanmustir.

Cl=X(Gi/T) (5)

Esitlikte G;, i. giindeki ¢imlenme yiizdesini; T, ¢imlenme siiresinin giinlerini ifade etmektedir.

Fide gii¢ indeksi (FGI): Kalsa ve Abebie (2012) tarafindan bildirilen Esitlik 6 yardimiyla
hesaplanmustir.

FGI= CYXFYA (6)

Istatistiksel analizler

Elde edilen veriler, tesadiif parsellerinde faktoriyel deneme desenine gore varyans analizine tabi
tutulmus ve ortalamalar arasindaki farkliliklar TUKEY ¢oklu karsilastirma testi ile belirlenmistir
(Acikgoz ve Acgikgdz, 2001).

Bulgular

Borik asit priming uygulamasinin tuz stresi altindaki karabugday tohumlarinin ¢imlenmesi ve
bazi fide biiylime 6zelliklerine etkilerine iliskin sonuglar Cizelge 1’de verilmistir.

Cimlenme yiizdesi

Borik asit ile tohum o©n uygulamalari ve farkli tuz konsantrasyonlarinin karabugday
tohumlarinin ¢imlenme yiizdesine etkisi istatistiki anlamda 6nemsiz bulunmustur. Cimlenme yiizdesi
yoniinden TxBA interaksiyonu da onemsiz ¢ikmustir. Farkli tuz konsantrasyonlari ve BA priming
uygulamalarina gore karabugday tohumlarinin ¢imlenme yiizdesi degerleri % 86.7-98.3 arasinda
degiskenlik gostermistir (Cizelge 1).

Ortalama ¢imlenme siiresi

Yiiksek tuz konsantrasyonu karabugday tohumunun ortalama ¢imlenme siiresini geciktirdigi,
OCS yoniinden anlamli degisimin T1dozundan sonra meydana geldigi, T» tuz konsantrasyonunda 1.88
giin ile en yliksek OCS degerinin elde edildigi goriilmistiir. Buna karsilik, BA priming uygulamalari ise
kontrole gore ortalama ¢imlenme siiresini kisaltmis; borik asidin tim uygulama dozlarinda OCS
yoniinden en disiik degerler saptanmistir. Ortalama ¢imlenme siiresi yoniinden tuz ve BA dozlarimin bu
etkileri istatistiki acidan p<(.01 diizeyinde 6nemli bulunmustur. Calisma sonucunda, OCS yoniinden
ikili interaksiyon istatistiksel olarak 6nemsiz olmustur (Cizelge 1).

Cimlenme iiniformite katsayisi

Karabugday tohumlarinin ¢imlenme iiniformite katsayisi, tuz konsantrasyonlarindan ve BA
priming uygulamalarindan istatistiki anlamda ¢ok 6nemli (p<0.01) diizeyde etkilenmistir. Borik asit
priming uygulamalarinin ortalamasi olarak en yiiksek CK degeri istatistiki olarak birinci grupta yer alan
To (64.4) ve T1 (71.2) tuz konsantrasyonlarinda belirlenirken; en diisiik CK, 51.4 ile T2 uygulamasinda
saptanmistir. Borik asit priming uygulamalar1 incelendiginde, en yiiksek CK tuz konsantrasyonlarinin
ortalamasi olarak BA1, BA; ve BA4 (sirastyla, 65.2, 69.3 ve 64.1), en diisiik CK degeri ise kontrol (51.8)
konusunda belirlenmistir (Cizelge 1).

Calismada, To uygulamasinda en yiiksek CK, BA> dozunda saptanirken; T1’de BA4, T2’de BAs
konusunda tespit edilmistir. Farkli tuz konsantrasyonlar1 altinda BA priming uygulamalariin bu farkli
etkileri, TxBA interaksiyonunun istatistiksel olarak 6nemli (p<0.05) ¢ikmasina neden olmustur (Cizelge
1).

Cizelge 1. Farki tuz (T) konsantrasyonlarindaki karabugday tohumlarina borik asit (BA) priming uygulamalarinin
cimlenme ve baz fide gelisim dzelliklerine etkisit
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Table 1. Effects of boric acid (BA) priming applications on germination and some seedling development
characteristics of buckwheat seeds at different salt (T) concentrations®

Tuz BA
dozlarn  dozlan ((é /Y OS:S CK CE Ci FYA FGi
Kontrol 98.3 1.63 62.0 a-d 46.7 b-e 14.4 a-d 1559c¢c 15.3 bc
BA: 91.7 1.40 67.8abc  68.3ab 15.7 abc 198.1 bc 18.1ab
To BA: 90.0 1.20 76.9 ab 75.0 ab 16.4 ab 238.9ab 215a
BA3 86.7 1.57 56.5bcd  53.3a-d 13.7 bed 267.0a 23.2a
BA, 91.7 1.57 58.7 a-d 51.7 a-d 14.0 a-d 224.4 ab 20.6 ab
Ortalama 91.7 1478 64.4 A 59.0 A 148 A 216.9 A 19.7 A
Kontrol 98.3 1.93 51.4 cd 8.3 fg 10.7 de 97.3d 9.6cd
BA: 95.0 1.30 73.4abc  70.0ab 16.4 ab 94.8d 9.1d
T1 BA: 96.7 1.30 77.5ab 73.3ab 16.9 ab 92.3d 9.0d
BA3 96.7 1.40 71.0abc  63.3abc 15.9 abc 97.3d 9.4d
BA4 98.3 1.23 82.5a 81.7a 179a 92.6d 9.0d
Ortalama 97.0 143B 71.2 A 59.3A 156 A 949B 9.2B
Kontrol 91.7 2.20 42.1d 509 9.0e 64.9d 6.0d
BA: 98.3 1.83 54.4bcd  25.0d-g 12.1 cde 69.0d 6.8d
T BA: 93.3 1.73 53.5bcd  26.7d-g 11.9 cde 65.2d 6.1d
BAs 95.0 1.73 56.1bcd  36.7 c-f 12.9b-e 76.6d 7.3d
BA4 96.7 1.90 51.1 cd 20.0 efg 11.4 de 57.3d 5.6d
Ortalama 95.0 1.88 A 514 B 22.7B 1158 66.6 C 6.4C
BA ortalamalari
Kontrol 96.1 192 A 51.8B 20.0B 1148B 106.1C 10.3B
BA: 95.0 151B 65.2 A 544 A 147 A 120.6 BC 11.3 AB
BA: 93.3 141B 69.3 A 583 A 151 A 132.1 AB 12.2 AB
BA3 92.8 157B ©612AB 511A 142 A 1469 A 133 A
BA4 95.6 1.57B 64.1 A 51.1 A 144 A 124.7 BC 11.7 AB
Onemlilik diizeyi (P)
T 0.0980%  0.0001" 0.0001™ 0.0001™ 0.0001™ 0.0001™ 0.0001™
BA 0.7862%  0.0001" 0.0012™ 0.0001™ 0.0001™ 0.0001™ 0.0389"
TxBA 0.6741%¢  0.1088% 0.0303" 0.0001™ 0.0038™ 0.0001™ 0.0344"

L:Ayn1 konuda, ayn siitunda ayn1 harfle gdsterilen ortalamalar arasindaki farklilik istatistiki agidan 6nemli degildir. *: p<0.05
diizeyinde 6nemlilik, **: p<0.01 diizeyinde 6nemlilik, 6d: istatistiksel olarak 6nemsiz

Cimlenme enerjisi

Cimlenme enerjisi, tohumlarin giiciinii degerlendirmek icin en temel 6zelliklerden biri olup,
aynt zamanda iyi bir fide gelismesinin de Onemli bir gostergesidir (Bayat ve ark., 2015). Tuz
konsantrasyonlar1 ve BA priming uygulamalarinin karabugday tohumlarinin ¢imlenme enerjisi iizerine
istatistiki anlamda ¢ok 6nemli (p<0.01) etkisi olmustur. Tuz stresinin énemli etkisi, 200 mM tuz
konsantrasyonunda kendini gostermis; To ve T tuzluluk seviyelerinde CE degeri sirasiyla 59.0 ve 59.3
iken, 200 mM dozunda CE 22.7’ye diismiistiir. Borik asit priming uygulamalari ise CE iizerine olumlu
etkide bulunmus; kontrol konusunda 20.0 olan CE degeri, BA dozlarinda 51.1-58.3 arasinda degiskenlik
gostermigtir. Calismada ayrica, CE yoniinden TxBA interaksiyonu da istatistiksel a¢idan ¢ok donemli
bulunmustur. Interaksiyonun anlamli ¢ikmasinda, farkl tuzluluk seviyeleri altinda BA uygulamalarinin
farkl1 tepkiler gostermesi etkili olmustur. Ornegin, To tuz seviyesinde en yiiksek CE degeri BA, priming
uygulamasinda saptanirken; T dozunda BAs, T» tuzluluk seviyesinde ise BAs uygulamasinda elde
edilmistir (Cizelge 1).

Cimlenme indeksi

Cimlenme indeksi yoniinden tuz konsantrasyonlar1 ve BA priming uygulamalarinin etkisi ile
TxBA interaksiyonu istatistiki anlamda ¢ok dnemli (p<<0.01) ¢ikmustir. Tuz konsantrasyonlar1 yoniinden
en yiiksek CI degeri, BA dozlarimin ortalamasi olarak istatistiki anlamda birinci grubu olusturan To ve
T: tuzluluk seviyelerinde belirlenirken (sirasiyla, 14.8 ve 15.6); en disik CI, en yiiksek tuz
konsantrasyonunda (T2) ortalama 11.5 olarak tespit edilmistir. Cimlenme indeksi bakimindan BA
priming uygulamalarinin etkisi incelendiginde, en diisik CI degeri 11.4 ile kontrol konusunda
saptanmis; BA dozlarimin CI degeri 14.2-15.1 arasinda degiskenlik gdstererek kontrole gore énemli
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diizeyde farklilik olugturmustur. Ayrica, TxBA interaksiyonu da istatistiki agidan ¢ok énemli (p<0.01)
bulunmustur. Interaksiyon incelendiginde, en yiiksek CI degeri TixBAs4, en diisiik CI degeri ise
ToxKontrol isleminde tespit edilmistir (Cizelge 1).

Fide yas agirh@

Tuz stresi altinda, ¢imlenen karabugday tohumlarinin fide gelisimi olumsuz yonde etkilenmis,
tuzluluk diizeyi arttikca fide yas agirlig1 azalmistir. Buna gore en yiiksek FY A ortalama 216.9 mg ile To
tuz diizeyinde, en diisik FYA ise 66.6 mg ile T, tuz seviyesinde belirlenmistir. Borik asit priming
uygulamalari ise kontrol konusuna gére FYA degerlerinde anlamli artiglar saglamis; en yiiksek FYA
ortalama 146.9 mg ile BAs priming uygulamasinda elde edilirken, en diisiik FYA degeri 106.1 mg ile
kontrol konusunda saptanmistir. Farkli tuzluluk seviyeleri ve BA priming uygulamalarinin FYA
tizerindeki bu etkileri istatistiksel agcidan p<0.01 diizeyinde 6nemli bulunmustur. Calismada ayrica, FYA
yoniinden TxBA interaksiyonu da anlamli ¢ikmis; interaksiyonun onemli ¢ikmasi, farkli tuzluluk
seviyelerinde karabugday tohumlarinin BA priming uygulamalarina farkli tepkiler gdstermesi ile
agiklanabilir (Cizelge 1).

Fide gii¢ indeksi

Fide yas agirhigi degerlerinde oldugu gibi, FGI de tuzluluk seviyelerinden olumsuz ydnde
etkilenmis; en yiiksek FGI (19.7) To uygulamasinda saptanirken, en yiiksek tuz konsantrasyonunda (200
mM NaCl) FGI degeri 6nemli oranda diisiis gostererek 6.4 degeri ile en diisiik degeri gdstermistir. Borik
asit priming uygulamalari incelendiginde, en yiiksek FGI ortalama 13.3 ile BA3 dozunda, en diisiik deger
ise ortalama 10.3 ile kontrol grubunda saptanmistir. Fide gili¢ indeksi yoniinden, tuz
konsantrasyonlarinin bu etkileri istatistiki agidan p<0.01, BA priming uygulamalarinin etkileri ise
p<0.05 diizeyinde 6nemli bulunmustur. Tuzluluk ve BA priming uygulamalarimin birlikte etkileri de
anlaml1 (p<0.05) ¢ikmustir. interaksiyonun énemli ¢ikmasiin sebebi; tuzluluk probleminin olmadig1
durumda tohumlara BA priming uygulamasinin fide gelisimi {izerine etkileri istatistiki agidan 6nemli
farklilik gostermesi, tuzluluk probleminin yasandigi durumlarda ise (T1 ve T, uygulamalarinda) BA
priming uygulamasinin fide gelisiminde etkisiz kalmasidir (Cizelge 1).

Tartisma ve Sonuc¢

Bor, bitkilerin yasam dongiisiinde hiicre duvari gelisimi, karbonhidrat ve RNA metabolizmasi
gibi ¢esitli fizyolojik siirecleri diizenleyen Onemli bir mikro besin maddesi olmasinin (Herrera-
Rodriguez ve ark., 2010) yani sira; bitkilerin ¢gimlenmesini, plazma membrani biitiinliigiinii ve tohum
gelismesini  diizenlemesi (Oosterhuis, 2001) ile abiyotik stres faktorlerinin olumsuz etkisinin
azaltilmasinda da 6nemli rol oynamaktadir. Tohum 6n uygulama islemi, ¢imlenme fizyolojisini
gelistirdigi ve tohumlar cesitli stres etmenlerine karsi hazirladig genel olarak bilinmektedir (Bose ve
ark., 2018). Ayrica bu yontemle; niikleik asitlerin onarimi ve birikimi, protein sentezinin artmasi, zar
stabilitesinin onarimi ve antioksidan savunma sisteminin tetiklenmesi yoluyla tohum performansinin da
arttig1 bildirilmektedir (Hsu ve ark., 2003).

Aragtirmada, tohum o©n uygulamasi yapilmayan kontrol grubuna kiyasla, BA priming
uygulamalarinin genel olarak ¢imlenme ve fide gelisim ozellikleri iizerine pozitif yonde etkiler
yapmistir. Bu etkiler, 06zellikle diisik BA konsantrasyonlarinda ortaya g¢ikmustir. Borun diigiik
konsantrasyonda ¢imlenmedeki olumlu etkileri, nisasta metabolizmasinda yer alan nisasta fosforilazi ve
a-amilaz gibi temel enzimleri aktive etmesiyle (Cresswell ve Nelson, 1973; Chatterjee ve ark., 1990)
aciklanabilir. Nitekim yiiksek bor konsantrasyonlu ¢ozeltilerde priming uygulamasinin toksik oldugu
bildirilmistir (Bonilla ve ark., 2004). Rehman ve ark. (2012), celtikte bor ile tohum 6n uygulamalarinin
kontrole gore ortalama ¢imlenme siiresini kisalttigi, ¢gimlenme enerjisini, cimlenme indeksini ve fide yas
agirh@m arttirdigl, buna karsilik CK degerini azalttigini rapor etmislerdir. Arastirmacilar ayrica, daha
diisiik konsantrasyonlarda borik asit ile priming uygulamasinin fide gelisim parametrelerini dnemli
oOlgiide iyilestirdigini bildirmislerdir. Igbal ve ark. (2017), ekmeklik bugday tohumlar ile yaptiklar
caligmalarinda, borik asit ve boraks bor materyalleri ile yapilan priming uygulamalarinin 6zellikle diisiik
bor konsantrasyonlarinda ¢imlenme ve fide gelisim 6zelliklerine ait degerlerin yiiksek oldugunu; 0.01
M boraks ¢ozeltisi ile on uygulamanin, ¢imlenme ve fide gelisimini iyilestirmede ayni1 dozdaki BA
priming uygulamasindan daha iyi oldugunu bildirmislerdir. Farkli bitki tiirleri ile yapilan bazi
caligmalarda da bor igeren ¢ozeltiler ile priming uygulamalarinin tohumlarin ¢imlenme potansiyelini ve
bazi1 fide gelisim 6zelliklerini iyilestirdigi rapor edilmistir (Farooq ve ark., 2011; Aboutalebian ve ark.,
2012; Ghasemi ve ark., 2016; Shahverdi ve ark., 2017; Asghar ve ark., 2019; Ozyazic1 ve A¢ikbas, 2021;
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Chakraborty ve Bose, 2023; Ozyazici, 2023b). Diger yandan, istatistiksel agidan énemli olmamakla
birlikte, BA priming uygulamasi priming yapilmayan konuya gore daha diisiilk ¢cimlenme yiizdelerine
yol a¢tig1 bulunmustur. Benzer bulgular, icerisinde borik asidin de bulundugu farkli priming ajanlari ile
Triticum aestivum’da (Ghimire ve ark., 2023), farkli bor dozlarinin ele alindigi nohut ve mercimek
bitkilerinde (Sar1, 2023) de rapor edilmistir.

Toprak tuzlulugu, tiriin verimliligini azaltan ana faktérlerden biridir. Tuzluluk 6nemli bir
abiyotik stres olup, bitkilerin biiyiimesi ve verimliligi tizerinde olumsuz etkilere neden olur (Bakht ve
ark., 2012). Arastirma sonucunda, tuz konsantrasyonunun en yiiksek seviyesinde dahi karabugday
tohumlarinin ¢cimlenme yiizdesinin olumsuz etkilenmedigi; buna karsilik, 200 mM konsantrasyonundaki
tuzluluk diizeyinde, incelenen diger ¢imlenme parametrelerinin 6nemli diisiisler sergiledigi gorilmiistiir.
Tuzun neden oldugu ¢imlenme inhibisyonu, Huang ve Redmann (1995) ve Zhu (2003) tarafindan da
bildirildigi iizere, spesifik iyon toksisitesi veya ozmotik stresle iliskili olabilir. Yiiksek tuzluluk
seviyelerinde tohum ¢imlenmesinin engellendigi farkli bitki tiirleri ile yapilan diger bir¢ok arastirma
raporlarinda (Bybordi ve Tabatabaei, 2009; Zhu ve Bafuelos, 2016; Ozyazwl, 2022b; Gokkaya ve
Arslan, 2023; Ahmed ve ark., 2024) da bildirilmistir.

Mevcut arastirma sonuglarina gore, tuz stresi arttikca fide yas agirligi ve fide giic indeksi
degerlerinde ciddi azalmalar meydana gelmistir. Bir bagka ifade ile karabugday tohumlari, fide gelisimi
asamasinda ¢imlenme devresine gore tuzluluktan daha fazla etkilenmistir. Bu durum, tuzlulugun su
potansiyelini azaltarak metabolik siiregleri olumsuz etkilemesi ile agiklanabilir. Bu sonuglar Zaman ve
ark. (2006 ve 2010) tarafindan giiclii bir sekilde desteklenmektedir. Tuz stresi fide gelisimini azalttig1
Brassica napus L. (Bybordi ve Tabatabaei, 2009), ekmeklik bugday (Akbarimoghaddam ve ark., 2011),
Parthenium argentatum A. Gray (Zhu ve Baiuelos, 2016), yulaf (Igbal ve ark., 2020) ve sorgum
(Gokkaya ve Arslan, 2023; Ahmed ve ark., 2024) bitkileri ile yapilan bazi ¢alismalarda da bildirilmistir.

Borik asit priming uygulamalari, tuz stresi altindaki karabugday tohumlarinin g¢imlenme
ozelliklerini iyilestirdigi; buna karsilik fide yas agirhigr ve fide giic indeksi degerlerinde etkisinin
olmadigi belirlenmistir. Zhu ve Bafiuelos (2016) tuz stresinin, P. argentatum bitkisi tohumlarinin
¢cimlenmesini ve fide biiyiimesini engellese de, 5 mg/L borun varlig1 belirli P. argentatum hatlarinda tuz
toksisitesini azalttigin1 ve kabul edilebilir bir ¢imlenme yiizdesinin korunmasina yardimci oldugunu
belirlemislerdir. Sorgum (Sorghum bicolor L.) gesitlerinde yapilan ¢alismada, sorgum tohumlarimnin
¢imlenme doneminde karsilasabilecekleri tuzluluk stresi kosullarinda bor uygulamalarinin bu etkiyi
azalttigi, ancak, borun bu pozitif etkisinin diigitk dozda bor uygulamalar1 ile oldugu bildirilmistir
(Gokkaya ve Arslan, 2023).

Farkli priming teknikleri ile yapilan diger bazi ¢alismalarda da, 6rnegin; marul (Lactuca sativa)
tohumlarinda silisyum priming (Alves ve ark., 2019), nohutta salisilik asit priming (Ceritoglu ve Erman,
2020), Isatis indigotica Fort. bitkisinde CaCl,, GAs ve hidrojen peroksit (H20>) ile priming (Jiang ve
ark., 2020), ¢emen (Trigonella foenum-graecum)’de hidro-priming (Mahmoudi ve ark., 2020), yem
baklasi (Vicia faba L.)’nda gallik asit ve H,O priming (Bouazzi ve ark., 2024), Scutellaria baicalensis
Georgi bitkisinde polietilen glikol (polyethylene glycol, PEG) ile priming (Wang ve ark., 2024)
uygulamalari tuz stresi altinda ¢imlenmeyi ve/veya fide biliylimesini iyilestirdigi ve/veya tuz stresinin
zararli/olumsuz etkilerini hafiflettigi rapor edilmistir. Ayrica bir¢ok arastirma, olumsuz kosullar altinda
on ¢imlenmenin metabolik aktivitesini uyararak tohum ¢imlenmesini ve fide ¢ikisini iyilestirmek icin
pratik, uygun maliyetli ve diisiik riskli bir alternatif olarak tohum priming uygulamalarinin
kullanilmasini savunmaktadir (Jiménez-Arias ve ark., 2015; Migahid ve ark., 2019; Farooq ve ark.,
2020).

Sonug olarak bu ¢alisma, 6zellikle diisiik konsantrasyonda borik asit ile karabugday tohumu 6n
uygulamasinin, ¢imlenme ve bazi fide gelisim parametrelerini iyilestirme agisindan Gnemli bir
potansiyele sahip oldugunu gostermistir. Karabugdayin fide gelisim doneminde tuz stresine daha duyarl
oldugu goriilmistiir. Borik asit ile tohum 6n hazirligi, tuz stresi altinda karabugday tohumunun 6zellikle
¢imlenme yetenegini arttirabilen umut verici bir besinsel priming teknigi oldugu sdylenebilir. Bu
sonuglara gore, tuz stresi yasanan alanlarda, ¢imlenmeyi iyilestirmeye yonelik olarak ekim Oncesi
karabugday tohumlarinin 1.0 mM borik asit konsantrasyonu ile 6n isleme tabi tutulmasi 6nerilmektedir.

Arastirmacilarin Katki Oram Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.
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Cikar Catismasi Beyam
Makale yazarlari aralarinda herhangi bir ¢ikar catismasi olmadigini beyan ederler.
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Oz

Bu calismada Tokat Gaziosmanpasa Universitesi Tasliciftlik Yerleskesi kullanicilarimin cevre
sorunlarina iligkin bilgi diizeylerini ve ¢evre sorunlarina karsi alinabilecek bireysel dnlemler olan geri doniisiim
ve yenilenebilir enerji kaynaklarmmin kullanimi gibi davraniglara yonelik tercihlerini ortaya koymak
amaclanmistir. Calismanin yontemi kullanicilarin tutum, egilim ve goriislerini 6lgmeyi hedefleyen 5°1i Likert
olgegi ile hazirlanan anket arastirmasina dayanmaktadir. Anket calismasimin drneklemini TOGU Taslgiftlik
yerleskesini giindelik hayatinda kullanan 6grenciler, akademik ve idari personel olusturmaktadir. Arastirmanin
Ornek hacmini 516 kisi olusturmaktadir. Elde edilen veriler frekans analizi, betimsel analiz ve ki-kare (chi-
square) analiz yontemleriyle degerlendirilmistir. Degerlendirme sonucunda katilimcilarin %41,9’unun ¢evre
sorunlar1 hakkinda iyi diizeyde, %13,4’linlin ¢ok iyi diizeyde bilgi sahibi olduklar1 ve dnemli bir cogunlugun
cevresel sorunlardan dogrudan etkilendikleri belirlenmistir. Katilimcilarin, yenilenebilir enerji kaynaklarinin
giinliik hayatta kullanimina iligkin cevaplar1 karsilastirildiginda, yas, egitim durumu ve gelir diizeyindeki artisla
beraber yenilenebilir enerji kaynaklari kullanim tercihlerinin de arttigi gézlemlenmistir. Sonuglara gore
katilimcilarin ¢ogunlugu, cam, kagit ve plastik gibi atiklar1 geri doniisiime yonlendirmektedir ve yine gogunluk
yerleskede geri doniisiim noktalarinin yetersiz oldugunu diisiinmektedir. Aligveris sirasinda g¢evre dostu
iriinlerin, 6grenci yurtlarinda ikamet eden geng¢ katilimcilara nazaran, gelir diizeyi ve egitim seviyesi daha
yiiksek katilimcilar tarafindan tercih edildigi goriilmiistiir. Calisma sonucunda TOGU yerleskesi kullanicilariin
yenilenebilir enerji kullanimi1 ve geri doniigiim tercihleri ve bu tercihlerin cinsiyet, yas, egitim durumu, gelir
diizeyi, konaklama yeri, iiniversitedeki konumlari ele alinarak nasil degiskenlik gosterdigi ortaya konmustur.
Anahtar Kelimeler: ¢evresel farkindalik, geri dontisiim, yenilenebilir enerji kullanimi

Determination Of Environmental Awareness Levels Of Users Of Tokat Gaziosmanpasa
Umniversity Campus
Abstract

In this study, it was aimed to determine the level of knowledge of the users of Tokat Gaziosmanpasa
University Tasligiftlik Campus about environmental problems and to reveal their preferences for behaviors such
as recycling and the use of renewable energy sources, which are individual measures that can be taken against
environmental problems. The methodology of the study is based on a questionnaire survey using a 5-point Likert
scale that aims to measure the attitudes, tendencies, and opinions of campus users. In the survey, demographic
information such as age, gender, education level, income level, etc. was requested from the participants, and 26
questions were asked about their habits and preferences regarding recycling and renewable energy use. The
sample of the survey consists of students, academic staff and administrative staff who use TOGU Tasli¢iftlik
campus in their daily lives. The sample size of the study consisted of 516 people. The data obtained were
evaluated by frequency analysis, descriptive analysis and chi-square analysis methods. As a result of the
evaluation, 41.9% of the participants stated that they had a good level of knowledge about environmental
problems, 13.4% stated that they had a very good level of knowledge, and a significant majority stated that
environmental problems directly affected their lives. When the answers of the participants regarding the use of
renewable energy sources in daily life are compared, it is observed that the preferences for the use of renewable
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energy sources have increased with the increase in age, education level and income level. According to the
results, most of the participants recycle waste such as glass, paper and plastic, and the majority also think that
there are insufficient recycling points in the campus. It was observed that environmentally friendly products
were preferred by participants with higher income and education levels than young participants residing in
student dormitories. As a result of the study, the renewable energy use and recycling preferences of TOGU
campus users were examined and it was revealed how these preferences vary based on gender, age, education
level, income level, accommodation and position in the university.

Keywords: environmental awareness, recycling, use of renewable energy

Giris

Diinya genelinde goriilen hizli niifus artigi, dogal kaynaklarin bilingsiz ve hizli tiiketimi,
diizensiz gocler sonucu olusan g¢arpik kentlesme, sanayilesme, teknolojik gelismelere bagh tiiketim
aliskanliklarinin degismesi gibi olumsuzluklar ekolojik dengenin bozulmasina sebep olmakta ve dogal
cevre tizerinde telafisi gii¢ olan sonuglar ortaya ¢ikmaktadir. Karagézoglu (2020)’nun da belirttigi gibi
insanlar hayatlarin1 kolaylagtirmak adina gevreyi siirekli olarak degistirmekte ve dogal ¢evreyi yapay
cevre haline getirmektedir. Bu durumda insan, ¢evresel dengenin bozulmasinda en 6nemli faktor
olarak goriilmektedir.

Cevresel siirdiiriilebilirligin saglanmasi ve ¢evrenin korunabilmesi igin ise ¢evre sorunlari ile
ilgili toplumun tiim katmanlarnin bilinglendirmesi gerekmektedir. Bireysel ve toplumsal ¢evre
bilincinin gelistirilmesi ¢evresel farkindaligin artirilmasi ve g¢evre egitimi ile miimkiin olabilmektedir.
Burada s6zii gecen ¢evresel farkindalik; kisinin tutum ve davraniglarinin ¢evreye olan etkisinin ve
gevre sorunlarinin kiginin kendi yasamina nasil etki edebileceginin farkinda olma durumunu ifade
etmektedir (Tung ve ark., 2012). Cevre egitimi ise, ¢evrenin kullanicist ve pargasi olan insanin, ¢evre
konusunda egitilmesi ve bilinglenmesine katki saglayan bir siiregtir (Geray, 1992). Bu siireg, insanlara
yasadiklari ¢evreyi daha iyi tanitarak, ¢evreyi korumak ve daha saglikli yasamak i¢in verilen ¢aba ve
yapilan etkinliklerin tiimiinii kapsamaktadir (Ayvaz, 1998). Dikmen (1993)’e gore cevre egitimi,
dogumdan 6liime kadar insanin i¢inde yagadigi ¢evrenin geleceginin nasil korunmasi, gelecek nesillere
nasil birakilmasi gerektigi konusunda bilinglendirmek amaciyla yapilan egitimdir. Cevre egitimi, bir
yandan ekolojik bilgileri dgretirken diger taraftan da bireylerde ¢evreye yonelik tutumlarin olumlu
yonde gelismesini, ¢cevreyi korumalarinin davranis haline getirmelerinin saglanmasini ve bu tutumlarin
siirekli devam eden davranis sekline doniismesini saglamakta (Kazu ve Yapici Odemis, 2023),
bireylerin yasadiklar1 ¢evre hakkindaki bilgi ve farkindalik diizeylerini arttirmaktadir (Giilay ve
Oznacar, 2010;Giilay ve Onder, 2011).

Dogal kaynaklarin verimli kullanilmasinda ve korunmasinda 6nemli bir yere sahip olan geri
doniisiim, ¢evreye yonelik tutum ve davraniglarin gelistirilmesini amaglayan ¢evre egitiminin temel
bilesenlerindendir (Salli ve ark., 2013). Cevre egitimi biinyesinde kazandirilan olumlu tutum ve
davranislardan en 6nemlisi atik yonetimi kapsaminda olan geri doniisiime katki ile enerjinin verimli
kullanimi konusundaki tutum ve davranislardir.

Atik yonetimi, atiklari etkili ve gevre dostu bir sekilde ele almakta, atiklarin toplanmasi,
taginmasi, iglenmesi, geri doniistiiriilmesi, bertaraf edilmesi ve kontrol altinda tutulmasi siireglerini
icermektedir (Tamkog ve ark., 2024). Burada amag; atiklarin insan ve ¢evre sagligina zarar vermesini
onlemek, atiklar1 ekonomik siirece kazandirmak, dogal kaynaklarin bilingsiz ve hizli tiiketilmesini
onlemek, gelecek nesillerin dogal yasam haklarim1 korumaktir. Boylece, atik yonetimi ile dogal
kaynaklarin en verimli sekilde kullanilip, gelecek kusaklara da olabildigince potansiyel kaynak
birakilabilmesi miimkiin olmaktadir (Ak ve Geng, 2018).  Atiklarin azalmasi dogal kaynaklarin
korunmasini saglarken, atiklarin yeniden kullanilabilir hale doniismesi ise tiriinlerin kullanim siireleri
bakimindan avantaj saglamakta, bir taraftan enerji tasarrufu saglanirken diger taraftan da depolama
icin ayrilan alanlar azaltilmaktadir (Eroglu ve Aydemir, 2021). Senel (2023)’in de belirttigi gibi,
kaynaklar sonsuz olmayip, gelecek nesiller i¢in bu kaynaklarin en verimli sekilde kullanilmasi
gerekmektedir.

Uretime yeniden kazandirilmas: amaciyla kullanim &mrii sona eren iiriinlerin (karton, metal,
termoplastik, cam, kagit vb) fiziksel ve kimyasal islemlerden gecirildikten sonra ham maddelere
doniistiiriilmesi geri doniisiim olarak tanimlanmaktadir (Biiyiiksaatgi ve ark., 2008; Celik Eroglu ve
Sahin, 2023). Geri doniisiim, en énemli ¢evre dostu tutum ve davraniglarin baginda gelmektedir (Ar
ve Yilmaz, 2016). Oyle ki, geri doniisiim ile atiklarin gereksiz bir sekilde yakilmasi ile metan ve sera
gazlarinin olusumunun 6nlenmesi (McDermott-Levy R ve Fazzini, 2010;Riedel LM. 2011), atik depo
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alanlarinin azaltilmas1 (McDermott-Levy R ve Fazzini, 2010; Kubicki ve ark., 2015), geri
doniistliriilmiis tiriinlerin kullanilmasi ile dogal kaynaklarin korunmasi (Riedel LM. 2011; Kubicki ve
ark., 2015), atiklarin ¢evre ve saglik tizerindeki negatif etkilerinin azaltilmasi (Largo-Wight ve ark.,
2012), atik bertarafi i¢in ayrilan fonlarin korunmasi (Prestin ve Pearce, 2010) gibi toplumsal ve
cevresel bircok fayda saglamaktadir. Bunun yaninda atiklarin yeniden degerlendirilmesi durumu olan
geri doniisiim, ekonomik, ¢evresel, sosyal faydalar saglayan birgok sektorii de iginde barindirmaktadir.

Enerji, ekonomik ve sosyal kalkinmanin Onemli bilesenlerinden biri olarak yasam
standartlarinin yiikseltilmesinde hayati bir rol oynamaktadir (Sagbas ve Basbug, 2018). Ciinkii enerji,
modern sanayi ve hizmetler sektOriiniin 6nemli bir parcasi olup, enerjiye erisim, insan refahi,
ekonomik gelisme ve yoksullukla miicadele anlaminda 6nemli rol oynamaktadir (Aydogdu, 2021).
Giiniimiizde enerji ihtiyaci siirekli artmasina ragmen, kaynaklar da siirekli azalmaktadir. Bu nedenle
enerjinin verimli kullanimi son derece 6nem kazanmaktadir. Sagbas ve Basbug (2018)’un da belirttigi
gibi dogal kaynaklarin hizla tiiketilmesi, artan ¢evre kirliligi ve yiiksek enerji maliyetleri gibi kisitlar
g6z Onilinde bulunduruldugunda; enerjinin verimli ve etkin kullanilmasi zorunlu hale gelmistir. Bu
durumda enerjinin verimli kullanimu, iiriin ve hizmetlerin saglanmasi i¢in gereken enerji miktarini da
azaltmay1 hedeflemektedir.

Bu c¢alismada Tokat Gaziosmanpasa Universitesi (TOGU) Tashgiftlik Yerleskesi
kullanicilarinin gevresel farkindalik diizeylerini incelemek hedeflenmistir. Calismanin amaci; TOGU
yerleskesi kullanicilarinin g¢evre sorunlarina iligkin bilgi diizeylerini ve ¢evre sorunlarna karsi
almabilecek bireysel Onlemler olan geri doniisiime katilim ve enerjinin verimli kullanimi gibi
davraniglara yonelik tutum ve tercihlerini ortaya koyarak oneriler gelistirmek ve farkindalik diizeyini
arttirmaktir.

Materyal ve Yontem

Calismanin ana materyalini TOGU Tasligiftlik Yerleskesinde yapilan, cevresel tutum, enerji
verimliligi ve geri donilisim konularmi igeren anket ¢aligmasinin verileri olusturmaktadir. Anket
calismasinda ana popiilasyonu Tokat Gaziosmanpasa Universitesi Tasl¢iftlik kullanicilar1 olan TOGU
ogrencileri, akademik ve idari personeli olusturmaktadir. Yerleskede 13 fakiilte, 5 yiiksekokul ve 1 lise
bulunmaktadir. Yerleskeyi, personel ve 6grenci sayisi toplami olmak iizere yaklasik 22000 kisi giinliik
olarak kullanmaktadir. Ana popiilasyon dikkate alindiginda gayeli olarak 500 kisilik 6rnek hacminin
ana popiilasyonu temsil edecegine karar verilmis, arastirma kapsaminda katilimci olacak alt gruplarla
(6grenci, idari ve akademik personel) yapilacak degerlendirmelerde dagilimin daha saglikli olmasini
saglamak amaciyla 6rnek hacmi 516’ya tamamlanmistir. Calisma siirecinde hazirlanan anket formlar
kurumsal elektronik posta adresleri yoluyla miimkiin oldugunca c¢ok sayida kampiis kullanicisina
ulastirilmis, saglanan doniisler arasindan saglikli olarak nitelendirilebilecek olanlar degerlendirmeye
almmustir.

Anket caligmast 2022-2023 akademik takvimi igerisinde yapilmistir. Anket caligmasi ile
yerleske kullanicilarinin, geri doniisiime ve yenilenebilir enerji kaynaklarmin kullanimina dair
farkindalik diizeylerinin belirlenmesi hedeflenmistir. Arastirmada kullanilan anketler 5°1i likert dlgegi
ile hazirlanmig sorulardan olugmaktadir.

Anket caligmasinda katilimcilardan yas, cinsiyet, egitim durumu, gelir diizeyi, {iniversitedeki
konum ve konaklama yeri gibi demografik bilgiler talep edilmis, demografik bilgilerin yan1 sira
katilimcilara ¢evresel farkindalik, geri doniisiim ve yenilenebilir enerji kullanimi konusundaki
aliskanliklarina ve tercihlerine iliskin 26 adet soru yoneltilmistir. Katilimcilara yoneltilen 26 soruya
verilen cevaplarin giivenilirlik analizi SPSS programi kullanilarak yapildiginda 6l¢egin giivenilirligini
ifade eden “Cronbach’s Alpha” degerinin 0.779 oldugu gorilmiistiir.

Calismada elde edilen verilerin daha sistemli bir sekilde degerlendirilmesini saglamak
amaciyla, sorular ve alinan cevaplar bazi alt basliklar halinde gruplandirilmstir. “Cevresel Tutum”,
“Geri Doniisiim Tercihleri” ve “Enerjinin Verimli Kullanimi1” olmak iizere {i¢ grup olusturulmustur.
“Farkindalik” terimi ile miimkiin oldugunca kisa ifade edilmeye calisilan basliklar, asagida goriildiigii
gibi, tutum ve davranis sorularini da kapsamaktadir. Anket kapsaminda yer alan sorular belirlenen ti¢
baslik altinda asagidaki gibi gruplandirilmustir;

Cevresel Tutum;
e (Cevresel sorunlar (iklim degisikligi, kirlilik, su kithig1, vb.) hakkinda fikir sahibiyim.

225



COMU Zir. Fak. Derg. (COMU J. Agric. Fac.) Aragtirma Makalesi
Research Article

e (Cevresel konularla ilgili etkinliklere (paneller, kurslar, sempozyumlar) katiliyorum.
e (Cevresel konularla ilgili tiye oldugum kuruluslar var (6grenci kuliipleri, sivil toplum
kuruluglarn)
o (Cevre ile ilgili faaliyet gdsteren sivil toplum kuruluslarina su an {iye degilim ama iiye olmak
isterim.
Cevreye zararli oldugunu diislindiigiim {iriin ve hizmetleri kullanmamaya dikkat ederim.
Satin alacagim iirliniin ¢evreye zarar1 aligveris tercihlerimi etkilemez.
Cevresel sorunlar hayatimi dogrudan etkilemez/etkilemiyor.
Bireysel olarak aldigim 6nlemler ¢evre sorunlarinin ¢éziimiine katki saglamaz.
Insan faaliyetlerinin oldugu her yerde dogal yasanu korumaya yonelik calismalar yeterlidir.
Geri Doniisiim Tercihleri;
Geri doniisiim konusunda bilgi sahibiyim.
Atik pilleri geri doniisiim noktalarina birakirim.
Atik pilleri geri doniisiim noktalarina birakirim.
Kagit atiklarimi geri doniisiim noktalaria birakirim.
Plastik atiklarimi geri doniisiim noktalarina birakirim.
Cevremde geri doniisiim igin cam kagit plastik pil atiklari birakabilecegim geri doniisiim
noktalar1 yeterlidir.
e Organik atiklar1 (bitki, hayvan mutfak artiklar1 vb.) birakabilecegim bir nokta olursa,
ayristiririm ve birakirim.
e (Cevremde geri doniisiim i¢in organik atiklar1 birakabilecegim bir nokta bulunmamaktadir.
e Giinliik yasamimda naylon poset veya plastik {iriinler kullanirim.
Enerjinin Verimli Kullanima;
e Ginliik yasamimda su tasarrufuna dikkat ederim.
e Giinliik yasamimda enerji tasarrufuna dikkat ederim.
e Enerji (elektrik, su, dogalgaz, benzin) tasarrufu yapmamin oncelikli sebebi yiiksek maliyettir.
e Yenilenebilir enerji (riizgar, giines) kaynaklartyla enerji iiretimi igin kurulum maliyetinin
yiiksek oldugunu diisiiniiyorum.
e Yenilenebilir enerji sistemlerinin kurulumunun maliyetli olmasina ragmen g¢evreye zararl
olmadig i¢in kullanmayi tercih ederim.
e Yenilenebilir enerji sistemleri uzun vadede maliyetini amorti edecegi i¢in kullanmayi tercih
ederim.
e Elektronik {iriin satin alirken enerji verimliliginden 6nce fiyatinm1 dikkate alirim.
e  Su kaynaklarinin tiikenecegi konusunda endiseli degilim

Anket ¢aligmasi kapsaminda bu sorulara verilen yanitlardan elde edilen veriler frekans analizi
ve ki-kare (chi-square) analizi yontemleriyle degerlendirilmistir. Caligmada kullanici profili ve soru
kategorilerine iliskin cevaplarin iligki analizi ele alinarak 6nemli farkliliklarin tespit edildigi bulgulara
yer verilmigtir. Caligma kapsaminda Ki-kare analizlerine gore yapilan degerlendirmeler ve faktorler
arasindaki etkilesimin yonil ortaya konmus, bunun yani sira analizde alt basliklar igerisinde one ¢ikan
sorular i¢in frekans dagiliminin yorumlanmasi yararl bulunmustur.

Bulgular

Anket calismasina katilan toplamda 516 kisinin cinsiyet, egitim durumu, gelir durumu ve
konaklama yerlerine gore dagilimi Sekil 1’deki grafiklerde yer almaktadir. Kadin ve erkek
katilimcilarin birbirine oranlarinda biiyiik bir farklilik gériilmemistir. Caligma tiniversite kampiisiinde
gerceklestirildiginden egitim diizeyinin genellikle 6n lisans ve iizerinde olmasi ve lisans diizeyinin
agirlikli olarak ortaya ¢ikmasi olagan bir sonug olarak kabul edilebilir. Gelir diizeyi en diisiik iki
grupta (%56.4) yogunluk gostermistir. En yiiksek gelir grubunda olanlarin orani oldukg¢a diisiiktiir.
Katilimcilarin yarisindan fazlasi yurtlarda ve 6grenci evlerinde konakladiklarini bildirmiglerdir.
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Sekil 1. Katilimeilarin kategorilere gore dagilimi
Figure 1. Distribution of participants according to categories
. Farkindalik Gruplari, Gruplarin Segilmis Bazi Kriterlerle Iliskisi ve Bu Kriterlere Gore

Dagilim
Sorulara verilen cevaplar birer aralikli olarak, ideal tutum ya da davraniga en uzak cevap “0”,
en ideal cevap “4” olacak sekilde puanlanmig, her alt baslik ve her katilimci igin bir puan diizeyine
ulagilmigtir. Bu durumda alt gruplar itibar1 ile sorulan her soru icin en ideal olacak cevaplar
verildiginde asagidaki puan diizeylerine ulasacaktir;

Olabilecek en yiiksek puan (en ideal farkindalik diizeyi)

Cevresel Tutum 36
Geri Doniisiim Tercihleri 36
Enerjinin Verimli Kullanimi 32

Her birey icin ayr1 ayr1 hesaplanan puanlara gore dagilim Cizelge 1’de goriilmektedir.
Hesaplamalara gore Cevresel Tutum konusunda en diisiikk puan 4, en yiikksek 31 olmus, 36 puan
diizeyine ulagilmamistir. Bu grupta en yiiksek oran 11-20 araligindadir ve bireylerin yaridan fazlasi
(%52.3) bu grupta yer almistir. 21-30 puan araliginda yer alan bireylerin oran1 %46.3’tiir. Cevresel
Tutum grubunda bireylerin ideal cevaba en fazla uzak kaldig1 ifade “Cevre ile ilgili faaliyet gosteren
sivil toplum kuruluslarina su an iiye degilim ama iiye olmak isterim” ciimlesi olmustur. Goriisiilen
bireylerin ancak %1.2’si bu ifadeye tamamen katildiklarini belirtmistir. Hi¢ katilmayanlarin, yani bir
sivil toplum orgiitii yoluyla c¢evreyle ilgili faaliyet gostermeyi hi¢ diisiinmedigini belirtenlerin orani
%46.1°dir. En ideal cevabin en yiiksek oranda tercih edildigi ifade ise “Cevresel sorunlar hayatimi
dogrudan etkilemez/etkilemiyor” ciimlesidir. Bireylerin %94.9’u az ya da ¢ok bu ifadeye katildigim
belirtmistir.

Geri Doniiglim Tercihleri konusunda farkindalik bireylerin ideal cevaplara daha fazla
yaklagtiklar1 farkindalik alani olmustur. En yiiksek puan diizeyi olan 36’ya yaklagilmis, ¢ok diisiik
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oranda (%0.2) olmakla birlikte 35 puan diizeyine ulasilmistir. Buna ek olarak daha iyi bir grubu temsil
eden 21-30 puan araliginda bulunanlarin orani (%63.4), yaklasik iicte ikilik bir payla en fazla bu
farkindalik baslhiginda gerceklesmistir. Bu baslik altinda ideal ya da ideale yakin cevaplarin en az
verildigi ifade “Giinliilk yasamimda naylon poset veya plastik tiriinler kullanirim” ciimlesi olmustur.
Bu ifade i¢in yapilan tercihler gostermektedir ki, katilimcilarin %98.8’i giinliik hayatinda az ya da ¢ok
poset ve plastik iiriin kullanmaktadir. Geri doniigiim basligi kapsaminda ideal ya da ideale yakin
tutumun en yiiksek oranli oldugu ifade “Organik atiklari (bitki, hayvan mutfak artiklar1 vb.)
birakabilecegim bir nokta olursa, ayristiririm ve birakirim” ciimlesi olmustur. Katilimcilarin %97.9’u
farkli diizeylerde olmakla birlikte bu ifadeye katildigini belirtmistir.

Enerjinin Verimli Kullanimi diger farkindalik grubudur. Bu grupta en diisiik puan 10 olmustur
ve en ideal puan diizeyi olan 32’ye ulasilmistir. Ancak en yiiksek puan diizeyi %0.6 ile oldukga
diisiiktiir. Katilimeilarin ¢ogunlugu (%56.2) 10-20 puan araliginda yer almistir. Bu baslik altinda ideal
ya da ideale yakin tercihlerin en ¢ok tercih edildigi ifade “Giinliik yasamimda enerji tasarrufuna dikkat
ederim”, en az tercih edildigi ifade ise “Elektronik iirlin satin alirken enerji verimliliginden once
fiyatim1 dikkate alinm” ctimlesi olmustur. Bu sonuca gore arastirma kapsaminda goriisiilen bireyler
cogunlukla giinliik yasamlarinda enerji tasarrufuna dikkat etmekte, buna karsin elektronik iiriin satin
alirken, {iriiniin enerji tasarruflu olma 6zelligini genellikle fiyatinin 6niine koymamaktadir.

Cizelge 1.Farkindalik Gruplarinin Puan Araliklarina Gére Dagilimlari
Table 1. Distribution of Awareness Groups According to Score Ranges

Alt Farkindalik Gruplari Puan Arahiklar: Frekans Oran (%)
Cevresel Tutum 4-10 6 1.2
11-20 270 52.3
21-30 239 46.3
31 1 0.2
TOPLAM 516 100
Geri Doniisiim 8-10 5 1.0
Tercihleri 11-20 159 30.8
21-30 327 63.4
31- 35 25 4.8
TOPLAM 516 100
Enerjinin Verimli Kullanimi 10-20 290 56.2
21- 30 223 43.2
31-32 3 0.6
TOPLAM 516 100

Aragtirma kapsaminda olusturulan ii¢ grup i¢in katilimcilarin puanlart ile bazi kriterlerin
iligkisi sorgulanmigtir. Bu sekilde g¢evresel tutum, geri doniisiim tercihleri ve enerji verimliligi
konularmin, katilimcilarin segilen o6zellikleriyle degisip degismedigi, degisiyorsa ne yonde oldugu
belirlenmeye calisilmustir. iliskisi arastirilan kriterler, cinsiyet, uyruk, yas, egitim, gelir, iiniversitede
statiisii (6grenci-personel), Tokat’ta konakladigi yer, Tokat’ta yasadigi yerlesim birimi, Tokat’a
gelmeden Once yasadigi yerlesim birimi ve kampiiste gegirdigi siire (y1l) seklindedir. Cizelge 2’de
belirlenen her bir farkindalik grubu i¢in katilimer 6zelliklerine dair kriterlerin iliskisi yer almaktadir.
Bu iliski Ki-kare (Chi-Square) analizi kullanilarak belirlenmistir. Cizelgede yer alan degerlere gore
katilimer 6zellikleri ve farkindalik kategorileri incelenmistir.
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Cizelge 2. Cevresel Tutum, Geri Doniisiim Tercihleri ve Enerjinin Verimli Kullanimi1 Konularindaki Farkindalik
Diizeyinin Segilen Bazi Kriterlerle iliskisi ve Kriterlere Gore Dagilimi
Table 2.The Relationship of the Awareness Level on Environmental Attitude, Recycling Preferences and
Efficient Use of Energy with Selected Criteria and Distribution by Criteria

Cevresel Tutum

Geri Doniigiim Tercihleri

Enerjinin Verimli Kullanimi

S ge2425< KIKA® 191906 o7< KiKa® 10 g0y o5<  Kikare
15 degerleri degerleri degerleri
Pearson Chi- .
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e (Cevresel Tutum Konusunda Farkindalik Diizeyinin Degerlendirilmesi

Yapilan ki-kare Analizine gére, Cevresel Tutum puani ile cinsiyet arasinda (P-Value=0.05
diizeyinde) bir iligski oldugu goriilmiistiir. Bu konuda gruplar igerisinde en diisiik puan grubunun
erkekler kategorisinde yogunluk gosterdigi, kadinlarinsa beklenenden diisiik bir yogunlukta oldugu
tespit edilmistir. Analiz sonucuna gore, Cevresel Tutum konusunda kadinlar erkeklere gére daha fazla
yiiksek puan gruplarinda yer almiglardir.

Yas ele alinan bir diger kriterdir ve Cevresel Tutuma iligskin sorularin yas faktoriiyle de iligkili
oldugu (P-Value= 0.001) belirlenmistir. Ki-kare analiziyle ortaya ¢ikan dagilima gore, en kii¢iik ve en
biiyiik yas gruplar1 éne ¢ikmaktadir. Ozellikle 35 ve iizeri yas: temsil eden biiyiik yas grubu yiiksek
puan grubunda gosterdigi yogunlukla belirgin sekilde 6ne ¢ikmaktadir. Ki-kare dagilimma goére yas
ilerledikce ¢evresel farkindaligin arttifi sOylenebilir. Ayni sekilde, Cevresel Tutum diizeyi ile
tiniversitedeki statiiniin iligkili oldugu goriilmiistir (P-Value=0.001). Personel grubu igerisinde yer
alan katilmcilarin belirgin sekilde yiiksek puan grubuna dogru yogunluk kazandigi goriilmiistiir.

Cevresel Tutum diizeyi egitimden de bagimsiz degildir ve egitimle puan diizeyleri arasinda
yakin bir iliski (P-Value=0.001) s6z konusudur. Ki-kare dagiliminda yer alan degerlere gore, genel
olarak egitim diizeyinin artisiyla Cevresel Tutum konusunda yogunlugun yiiksek puan diizeylerine
dogru kaydigi goriilmektedir. Ozellikle en yiiksek egitim diizeyi olan doktora grubundaki
katilimcilarin, en diisitk Cevresel Tutum puan diizeyindeki orami oldukga diisiiktiir. Diisiik puan
diizeyinde beklenenden yiiksek bir yogunlukla 6ne ¢ikan grup ise on lisans mezunlaridir.

Cevresel Tutum sorulari ile gelir diizeyinin de iliski (P-Value=0.005) oldugu goriilmektedir.
Gelir gruplar arasinda ikinci (851- 2500 b) ve en yiiksek gelir gruplar1 (10000 b’den yiiksek) onemli
farklilik gostermektedir. Sonuglara gore, tiglincii gelir grubuna kadar katilimcilarin diisiik puan, 4. ve
5. gelir gruplarinda ise yiiksek puan diizeylerine dogru yogunlugun arttig1 gériilmektedir. Ozellikle en
yiiksek gelir grubunun 6ne ¢iktigir ve bu grubun diisiik puan diizeyindeki gruba ait ki-kare degerinin
onemli oldugu goriilmiistiir.

Gorligme yapilan bireylerin konaklama yerleri ile Cevresel Tutum diizeylerinin iligkili oldugu
(P-Value=0.05) goriilmiistiir. Ki-kare analizi sonucu ortaya ¢ikan dagilimda, 6grenci evinde kalan
katilimc1 grubuna ait Ki-kare degeri ile belirgin sekilde 6ne ¢ikmuslardir. Bu grup diisiik puan
diizeyinde agirlik gostermistir. Buna karsin aileleriyle birlikte yasayan katilimcilar disiikk puan
grubunda beklenenden diisiik bir yogunluk gdstermistir. Bu sonuglara gore, ailesiyle yasayan
bireylerin ¢evresel tutum diizeyinin daha yiiksek, 6grenci evinde kalanlarin diisiik oldugu sdylenebilir.

Yapilan Ki-kare analizleri, katilimcinin Tokat’ta yasadigi yerlesim birimi, Tokat’a gelmeden
Once yasadigi yerlesim birimi ve kampiiste gegirdigi siire kriterlerinin Cevresel Tutum diizeyi ile
iliskili olmadigin1 ortaya koymustur. Bu sonuca gore, Cevresel Tutum diizeyi bireylerin koy-kasaba,
ilce, il merkezi, biiyilk sehir ya da mega kentlerde yasiyor olmalarindan ve kampiiste gecirmis
olduklart siireden bagimsizdir.

Cevresel farkindalik sorularinin her biri i¢in yapilan degerlendirmede cevaplarin frekans
analizleri ele alindiginda farkindalig1 6nceleyen soru olan ¢evre sorunlari konusunda bilgi sahibi olma
sorusuna katilimeilarin %55.3’1 ¢evresel sorunlar konusunda iyi diizeyde ve tam bilgi sahibi
olduklarimi belirtirken %29.7’si kismen bilgi sahibi oldugunu ifade etmistir. Ki kare ve frekans
analizinin sonucunda c¢evresel farkindalik sorularina verilen cevaplarin yasa gore degiskenlik
gosterdigi ortaya cikmistir. Sekil 2’de ki grafikte ¢evresel farkindalik sorularina verilen yanitlarin
yasa gore nasil dagildigi gorilmektedir. Farkindalik sorularina verilen cevaplarda en Onemli
degiskenlik egitim durumunda ortaya ¢ikmus, egitim diizeyi arttikca ¢evre sorunlari konusunda bilgi
sahibi olma ve bireysel dnlemler almaya iliskin farkindaligin arttig1 goriilmiistiir. Bu farklilik Sekil
3’teki grafikte goriilmektedir.
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Sekil 2. Cevresel farkindalik sorularina verilen cavaplarin yas kriterine gére dagilimi
Figure 2. Distribution of the mean answers to environmental questions according to age criterio
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Tikdgretim Lise On lisans Lisans Yiiksek Lisans Doktora
Egitim durumu
Sekil 3. Cevresel farkindalik sorularina verilen cevaplarin egitim durumu kriterine gére dagilimi
Figure 3. Distribution of mean answers to environmental awareness questions according to educational
attainment

Cevresel farkindalik sorulariin Ki-kare analiziyle degerlendirilmesiyle ortaya ¢ikan
yas ve cinsiyet kriterleri ile iliskinin en belirgin diizeyde oldugu soru gevre sorunlarinin bireylerin
hayatlarim1 dogrudan etkileyip etkilemedigine iliskindir. Bu soruya verilen yanitlarda katilimcilarin
%14.3’1 g¢evresel sorunlarin hayatlarini dogrudan etkilemedigini disiiniirken %69.4’1 etkiledigini
belirtmistir. Kadin katilimeilarin %74.4’1 etkiledigini diistiniirken erkeklerde bu oran %63.8’dir. 17
yas alt, 25-34 ve 35-44 yas gruplarindaki ¢evresel sorunlarin hayatlarin1 dogrudan etkilemeyecegini
diistinen kadin katilimcilarin oram1 daha fazlayken, diger yas gruplarindaki tercihlerde kadinlar
erkeklere oranla cevresel sorunlardan daha fazla etkilendiklerini ifade etmislerdir. Sekil 4’de bu
farkliliga iligkin grafik
yer almaktadir.
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Sekil 4. Yas ve cinsiyet kategorileri ile ¢evresel sorunlarin hayata etkisinin kiyaslanmast
Figure 4. Comparison of the impact of environmental problems on life by age and gender categories

Katilimeilarin %58.3’1 bireysel onlemlerin ¢evre sorunlarmin ¢dztimiine katki saglayacagin
diigiiniirken, %18’1 katk1 saglamayacagini diisiindiigiinii ifade etmistir. Bu durum egitim ve konaklama
yeri kriterlerine gore degiskenlik gostermektedir. Ozellikle yiiksek lisans  egitimine sahip
katilimcilardan bireysel onlemlerin sorunlarin ¢éziimiine katki saglamayacagini diisiinenlerin orani
diger gruplara gore daha fazladir. Sekil 5°de katilimcilarinin konaklama yeri ve egitim durumuna goére
bireysel onlemlerin ¢evre sorunlarinin ¢oziimiine katki saglayip saglamayacagi sorusuna verdikleri
yanitlarin ortalamalar1 yer almaktadir.
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Sekil 5. Egitim durumu ve konaklama yeri kategorileri ile bireysel ¢evre dnlemleri tutumunun kiyaslanmasi
Figure 5. Comparison of individual environmental precautions attitudes by education level and accommodation
categories
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e  Geri Doniisiim Tercihleri Konusunda Farkindalik Diizeyinin Degerlendirilmesi

Geri Doniisiim Tercihleri konusundaki sorularin ki-kare analizine gore degerlendirilmesiyle bu
konudaki farkindaligin katilimcilarm cinsiyetlerinden, konaklama yerlerinden, kampiiste gecirdikleri
siireden ve Tokat’ta yasadiklar1 yerlesim biriminden bagimsiz oldugu goriilmiistiir.

Geri Doniisiim Tercihleri Konusunda Farkindalik yas ile iligkilidir (P-Value =0.001). Ki-kare
analizi, yas ilerledikce Geri Doniisiim Konusunda Farkindaligin arttigimi ortaya koymustur. En ileri
yas grubunda (35 ve iizeri) yer alan katilimcilarin en yiiksek puan diizeyindeki yogunlugu dikkat
cekicidir ve bu gruba ait Ki-kare degeri belirgin sekilde 6ne ¢ikmaktadir.

Katilimeilarin tiniversitedeki statiisii ile Geri Doniisiim Farkindaligi puani arasindaki iligkiyi
belirlemek {izere yapilan analizine gore, bu iki kriter birbiriyle iliskilidir (P-Value = 0.001) ve
farkindalik diizeyi personel grubunda yer alan katilimcilar arasinda daha yiiksektir. Ayni sekilde
egitim kriterinin de geri doniisim farkindalig: ile iliskili oldugu gézlemlenmistir (P-Value=:0.001).
Ki-kare dagiliminda en one ¢ikan grup, 6n lisans mezunu bireylerin diisiik puan diizeyi ile kesistigi
béliimdedir ve bu gruba ait Ki-kare degeri oldukca yiiksektir. On lisans ve lise mezunlari diisiik puan
diizeyinde belirgin bir yogunluk gostermektedir. Sonrasinda da egitim diizeyinin yiikselisiyle sayisal
ve oransal agirligin yiiksek puan diizeylerine dogru kaydig: goriilmektedir. Doktora diizeyinde egitim
sahibi bireyler arasinda yiiksek puan grubuna girenler de farklilik olusturmuslardir.

Geri Doniistim Tercihleri Konusunda Farkindalik diizeyinin gelirle de iliskili oldugu (P-
Value==0.005) belirlenmistir. Bu iki kriter arasindaki analizde en yiiksek gelirin en yiiksek puan
diizeyinde aldig1 grup Ki-kare degeri en 6nemli farkliligi olusturmustur. En yiiksek gelirli grup, en
yiiksek Geri Doniisiim Farkindalik diizeyinde agirlik kazanmistir. Gelirle puan diizeyinin tamamen
paralel yani ayn1 yonde yiikseldigini ifade etmek miimkiin olmasa da genel olarak bdyle bir seyir
oldugunu sdylemek miimkiindiir.

Katilimeilarin Tokat’a gelmeden once yasadigi yerlesim birimi ile geri doniisiim konusundaki
farkindaliklari iliskili bulunmustur (P-Value=0.005). Tokat’a gelmeden Once biiyiik sehirlerde yasayan
katilimcilar yiiksek puan grubunda agirliklidir. Bagka deyisle, Geri Doniisiim Konusunda Farkindaligi
yiiksek bireyler, biiyiik sehirlerden Tokat’a gelmis olanlar arasinda sayisal ya da oransal olarak daha
fazladir. Mega kentlerde (istanbul, Ankara, izmir) yasiyorken Tokat’a gelmis olanlar da en diisiik
puan diizeyinde diisiik bir yogunluktadir.

Katilimcilarin = geri  donlisiim  aligkanliklarina  dair yanitlar1 frekans analizine gore
incelendiginde ise yerleske kullanicilarinin ¢ogunlugu geri doniisiim konusunda bilgi sahibi
olduklarin1 ifade ederken, kullanicilarin kagit, cam, pil ve plastiklerin geri doniistiiriilmesi
konularindaki aligkanliklarinin yasg, cinsiyet, egitim ve gelir durumu gibi degiskenlerde onemli
diizeyde bir farklilik gostermedigi ortaya ¢ikmistir. Katilimeilarin %50’sinden fazlas1 kagit, cam,
plastik ve pil atiklarin1 genellikle ve her zaman geri doniistiirdiiklerini belirtmislerdir. Yalnizca egitim
ve gelir diizeyi arttik¢a katilimer gruplariin erigebilecekleri geri doniisiim noktalarini yetersiz buldugu
gorlilmistiir. Sekil 6’da katilimcilarin geri doniisiim aliskanliklarinin egitim durumuyla iliskisine dair
grafik yer almaktadir.
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Sekil 6. Egitim durumu Kategorisi ve geri doniisiim tercihlerine verilen yanitlarin kiyaslanmasi
Figure 6. Comparison of responses to recycling preferences and education level category

Geri doniisiim konusunda katilimcilara yoneltilen sorularda en belirgin farklilik katilimeilarin
satin aldiklar {irliniin ¢evreye zararimin aligveris tercihlerini etkileyip etkilemedigi sorusuna verilen
cevaplarda goriilmiis, bu durumun gelir durumu ve cinsiyete gore degiskenlik gosterdigi
gozlemlenmistir. Ozellikle alt ve alt-orta gelir diizeyindeki erkeklerin aligveris tercihlerinde iiriiniin
cevreye zararini kadinlardan daha az dnemsedikleri ortaya ¢ikmistir Sekil 7°de bu farkliligi gdsteren
grafik yer almaktadir.
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Sekil 7. Gelir durumu ve cinsiyet kategorileri ile aligveris tercihlerinin kiyaslanmasi
Figure 7. Comparison of shopping preferences by income and gender categories

Enerjinin Verimli Kullammmi konusunda farkindalik diizeyi de segilen kriterlerle analize tabi

tutulmustur.
Bu kriterlerden ilki olan cinsiyet diger iki farkindalik diizeyiyle iliskili iken, Enerji Konusunda

Farkindalik Diizeyinden bagimsiz bulunmustur.
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Yas diger iki farkindalik diizeyi gibi Enerjinin Verimli Kullanimi Konusundaki Farkindalik
diizeyi ile de iliskilidir (P-Value=0.001). Analiz sonucu, ileri yaslara dogru sayisal ve oransal
yogunlugun yiiksek puan diizeylerine dogru kaydigini ortaya koymaktadir. Ki-kare dagiliminda en
biiyiik Ki-kare degerini alan grup en ileri yas grubunun (35 ve iizeri) en yiiksek puan diizeyinde aldig1
degerdir. Bu sonuca gore en ileri yas grubu belirgin sekilde yiiksek puan diizeyinde yogunluk
kazanmustir.

Katilimcilarin iiniversitede 6grenci ya da personel konumunda olmasi da Enerjinin Verimli
Kullanimi Konusundaki Farkindalik diizeyi ile iligkilidir (P-Value=0.001). Personel statiisii ve yiiksek
puan diizeyi grubu, grup Ki-kare degeri ile 6ne ¢ikmaktadir. 35 ve iizerindeki bireyler, en yiiksek (25-
32) puan grubunda beklenenin oldukga iizerinde bir sayisal deger almustir.

Enerjinin Verimli Kullanimi Konusunda Farkindalik diizeyi egitimden de bagimsiz degildir ve
bu kriterle yakindan iliskilidir (P-Value=0.001). Goreli olarak diisiik egitim diizeylerindeki bireyler
diisiik puan diizeylerinde, yiiksek egitim diizeylerindeki bireyler yiiksek puan diizeylerinde
beklenenden yiiksek degerler almislardir. En yiiksek grup Ki-kare degerleri, lisansiistii egitime sahip
bireylerin en yliksek puan grubunda beklenenden yiiksek, en diisiik puan grubunda beklenenden diigitk
gbzlem degerleri ile ortaya ¢ikmustir.

Gelir Enerjinin verimli kullanimi konusunda farkindalik diizeyi ile istatistiksel olarak
iliskilidir (P-Value=0.001). Ozellikle en {istteki iki gelir grubunda bireyler en yiiksek puan
diizeylerinde agirlik kazanmstir. Gelir diizeyiyle enerji konusunda farkindaligin ayni yonde iliskili
oldugu, bir baska deyisle gelir artisiyla farkindalik diizeyi yiiksek birey yogunlugunun da arttig
sOylenebilir.

Bireylerin Enerji Verimliligi konusunda Farkindalik diizeyi kalmaya devam ettikleri yerle de
istatistiksel olarak iliskilidir (P-Value=0.001). Ki-kare dagilimina gore, 6grenci evinde kalan bireyler
diisiik puan diizeyinde, kampiis dis1 yurtlarda kalan bireyler ise yiiksek puan diizeyindeki
yogunluklariyla 6ne ¢ikmiglardir.

Enerjinin Verimli Kullanimi Konusundaki Farkindalik, bireylerin Tokat’ta yasadiklari
yerlesim birimi ve Tokat’a gelmeden once yasadiklari yerlesim biriminden bagimsiz, kampiiste
gecirmis olduklar siire ile iliskilidir (P-Value=0.01). Kampiiste 4 y1l ve daha uzun zaman geg¢irmis
olan bireyler arasinda Enerji Verimliligi Konusunda yiiksek puan diizeyinde olanlar yogunluklar1 6ne
¢ikmuglardir.

Yerleske kullanicilarinin verimli enerji kullanim tercihlerine iliskin sorulara verdikleri
cevaplarin frekans analizlerinde ise en 6nemli farkliligin yenilenebilir enerji kaynaklarinin maliyetine
iliskin oldugu tespit edilmistir. Katilimcilarin %57.3’linlin enerji tasarrufu yapmalarinin 6ncelikli
sebebinin yiiksek maliyet oldugunu ifade ettikleri goriilmiistiir. Katilimcilarin %58.1°1 ise yenilenebilir
enerji sistemlerinin kurulumun maliyetli oldugunu diigiinmektedir. Egitim diizeyinin artmasiyla paralel
bir sekilde katilimcilarin yenilenebilir enerji sistemlerinin kullanimini maliyetine ragmen tercih
ettikleri ve sistemlerin uzun vadede maliyetini amorti edecegini diisiindiikleri gézlemlenmistir. Egitim
diizeyi ve geri doniisiim tercihleri iliskisi Sekil 8’de goriilmektedir.

Enerji (elektrilc, su, dogalgaz,

Ml benzin) tasarrufu yapmanun
oncelikli sebebi yiiksek malivettir.
Yenilenebilir enerji (lizgar,

2] m giines) kaynaklariyla enerji iiretiimi

icin kunrulum maliyvetinin yiikselk

oldugunu diigiinityorumn.

Yenilenebilir enerji sistemleri

3 layuhunmunm maliyetli olimasina

[Clragmen ¢evreye zararl
olmadiklar icin sistemleri
Ikullanmay tercih ederim.

2 Yenilenebilir enerji sistemleri nzun

[l vadede maliyetini amorti edecegi
igin kullanmay1 tercih ederim.
Elektronik tiwiin satin alirken

17 [Jenerji verimliliginden énce fiyatim

dikkate alirum.

Lise On lisans Lisans Yiiksels Lisans Doltora
Esgitim durumun

Sekil 8. Yenilenebilir enerji kullanim tercihlerine verilen yanitlar ve egitim durumu iliskisi
Figure 8. Relationship between mean responses to renewable energy usage preferences and educational status
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Yenilenebilir enerji sistemlerinin maliyetleri ve kurulum tercihlerine iliskin cevaplarin ise
yasa, egitim durumuna ve gelir durumuna gore degiskenlik gosterdigi tespit edilmistir. Bu
degiskenlerin diizeyi arttik¢a sistemlerin kullanimin daha ¢ok tercih edildigi ve kurulum maliyetinin
yiiksek olmadigimin diisliniildiigli gézlemlenmistir. Yas, egitim diizeyi ve gelir diizeyi artikca
yenilenebilir enerji sistemlerinin kullanim tercihlerinde de artis oldugu gozlemlenmistir. Sekil 9°da
yenilenebilir enerji sistemleri kullanimina dair yasa bagl tercihleri gostermektedir.

Verimli enerji kullanimina iligkin sorularda en 6nemli farkliliklardan biri ise katilimeilarin
elektronik {irlin satin alma aligkanliklarinda ortaya ¢ikmistir. Katilimeilarin %60.5°1 elektronik iiriin
alirken enerji verimliliginden cok fiyat1 diisiindtigiini belirtmis, %26.4’1 ise bu konuda kararsiz
kalmustir. Ozellikle yiiksek yas grubundaki kadin katilimcilar elektronik aligverislerinde enerji
verimliliginden ¢ok fiyati dikkate aldiklarini beyan etmislerdir. Sekil 10°daki grafik katilimcilarin
elektronik iiriin satin alma tercihlerinin yas ve cinsiyete gore dagilimini gostermektedir.

5

Yenilenebilir enetji (riizgér, giines)

.kaynaklarlyla enetji firetimi igin
kuruhun maliyetinin yiiksek
oldugunu diigiinityorum.
Yenilenebilir enetji sistemleri

- kurulumunun maliyetli olmasina

[ ragmen cevreye zararl olmadiklar:
igin sistemleri kullanmay tercih
ederim.

- Yenilenebilir enerji sistemleri uzun

[[Jvadede maliyetini amorti edecegi
igin lullanmay tercih ederim.

4

1-

0-17 18-24 25-34 35-44 45-54 55-64
Yas

Sekil 9. Yenilenebilir enerji kullanim tercihleri ve yas iligkisi

Figure 9. Renewable energy usage preferences and age relationship
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Elektronik {iriin satin alirken enerji
verimliliginden dnce fiyatim dikkate alimm.

35-44

Yas

Sekil 10. Enerji verimli elektronik {iriin satin alma tercihleri, yas ve cinsiyet iliskisi
Figure 10. Energy efficient electronic product purchasing preferences, age and gender relationship
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Tartisma

TOGU Kampiis kullamcilarinin  gevresel farkindalik diizeylerini belirlemek amaciyla
gerceklestirilen anketin degerlendirilmesiyle, anketin iceriginde yer alan 3 baslik i¢in de katilimcilarin
farkindalik diizeylerinin farklilik gosterdigi goriilmiistiir.

Kullanicilarn gevresel tutumla iligkili sorulara verdikleri yanitlarda kadin katilimeilarin erkek
katilimcilara kiyasla farkindalik diizeylerinin daha yiiksek oldugu saptanmustir. Bostanlioglu ve ark.
(2017)’nin yapiklar1 calismada da ayni durum saptanmis kadin kullanicilarin tutum ve farkindalik
Olgeklerinde daha yiiksek puan ortalamalarina sahip olduklari gézlemlenmistir. Ayrica yas, egitim
durumu, iiniversitedeki konumu ve gelir durumu kategorileri ele alindiginda ileri yas gruplarina ve
yiksek egitim ve gelir gruplarina ait katilimcilarin farkindalik diizeylerinde artis oldugu
gozlemlenmistir.  Katilimeilara yoneltilen ‘cevresel konularda faaliyet gosteren Sivil Toplum
Kuruluslarina iiye olup olmadiklar1 ’sorusuna verilen yanitlar incelendiginde, katilimeilarin biiyiik bir
¢ogunlugunun iiye olmadigi ortaya ¢ikmustir. Bu sonuca benzer olarak Oguz ve ark. (2011) tarafindan
yapilan calisma sonucunda da yiiksek Ogretim 6grencilerinin STK’lara katilma konusunda ilgili
olmadiklar tespitinde bulunulmustur. Bu calismada ise TOGU kullanicilarinin ¢cogunlugu STK’lara
iiye olmadiklarin1 ama iiye olmak istediklerini ifade etmislerdir. Cevresel tutumla iligkili anket
sorularina verilen cevaplarda ise en biiyiik farklilik ¢cevresel sorunlarin bireylerin hayatlarina dogrudan
etkisi ve bireysel ¢dziimlerin gevre problemlerinin ¢oziimiine katkis1 konusunda olmustur. Ozellikle
18-24 yas arasindaki erkek katilimcilar, ¢evre sorunlarinin hayatlarini dogrudan etkilemedigini ve
bireysel onlemlerin sorunlarin ¢dziimiine katki saglamayacagini diisiinmektedirler. Bu durum yas,
egitim dilizeyi ve gelir diizeyi ilerledikce her iki cinsiyetteki katilimcilar igin de farklilik
gostermektedir. Kisacasi gevresel tutuma iliskin farkindalik diizeyi artiginin yas, egitim ve gelir
durumu ile paralel olarak ilerledigi ortaya ¢ikmustir.

Geri déniisiim tercihlerine dair sorulara verilen cevaplarda TOGU Yerleskesi kullanicilarinin
biiyiik bir boliimi kagit, cam, plastik ve pil gibi atiklar1 doniistiirdiiklerini, geri doniisiim noktalarinin
artirllmasini ve organik atiklarin doniisiimii i¢in imkan saglanmasi halinde organik atiklarini da
dontistiireceklerini ifade etmislerdir. Ar ve Tokol (2010) ‘iin yaptigi ¢alismada tiiketicilerin gerek
tiretim gerekse kullamim asamasinda c¢evreye ve insan sagligina zararsiz malzeme ve ydntemlerle
tiretilmis, atik durumunda gevreye zarar vermeden yok edilebilen iirtinleri tercih etmeye basladiklari
belirlenmistir. Karaaslan ve ark. (2022) tarafindan yapilan c¢aligmada geri doniisiim bilincinin
gelistirilmesinde demografik faktorler, psikolojik nedenler, ailevi ve toplumsal etkiler, sosyo-
ekonomik kosullarin etkili oldugu ortaya konmustur. Bu ¢alismada ise katilimcilarin geri doniisiim
tercihlerinde yas, egitim durumu, gelir diizeyi ve konaklama yeri gibi degiskenlerin iliskili oldugu
fakat biiyiik bir farklilik yaratmadig1 gézlemlenmistir. Ozellikle gelir durumu ele alindiginda diisiik ve
orta gelir grubundaki geng katilimcilarin aligveris tercihlerinde geri doniistiiriilebilir materyallere
yonelmedikleri ortaya ¢ikmus, yiiksek gelir grubunda yer alan ileri yastaki katilimcilarin ise aligveris
ve geri doniisiim aligkanliklarinda diger gruplara nazaran ¢evre dostu iiriinler kullanmay1 daha fazla
tercih ettikleri goriilmiistir. TOGU vyerleskesi kullanicilarmin geri doniisiim aliskanliklarma dair
sorulara verdigi cevaplarin degerlendirilmesinin sonucunda kullanicilarin geri doniisiim konusunda
biling diizeylerinin geri doniisiim faaliyetlerini gerceklestirme diizeyinden daha ileri seviyede oldugu
gbzlemlenmistir.

Enerjinin verimli kullanimina iligkin yanitlarin da diger iki soru grubunda oldugu gibi yas,
egitim ve gelir durumuna dair farkliliklara bagh olarak degiskenlik gosterdigi gdzlemlenmistir.
Cinsiyet ise diger iki baslkta farklilik gosterirken verimli enerji kullanim kategorisinde yer alan
cevaplarda kadin ve erkek katilimcilarin cevaplarinda belirgin bir farklilik olmadig tespit edilmistir.
Yenilenebilir enerji kullanim tercihlerine iligkin iiniversite &grencileri arasinda yapilan akademik
caligmalar incelendiginde, Bilen ve ark. (2013) tarafindan yapilan ¢alismada lisans &grencilerinin
yenilenebilir enerji kaynaklar1 kullanim tercihleri cinsiyete gore degiskenlik gosterirken bu ¢aligmada
ve Oral (2020)’in ¢aligmasinda cinsiyetin tercihler iizerinde etkili olmadigi goriilmiistiir. Enerjinin
verimli kullanimina iliskin sorularda o&zellikle yenilenebilir enerji sistemlerinin  kurulumu ve
maliyetine iligskin sorularda yas, egitim seviyesi ve gelir seviyesi ylikseldik¢e yenilenebilir enerji
kaynaklarinin tercih edilme oranlarimin arttigt  goézlemlenmistir. Bu durum genglerin enerji
verimliliginden ¢ok ekonomik kosullar1 &ncelediginin bir gostergesidir. Ote yandan tiim
kategorilerdeki katilimcilarin ¢ogu elektronik aligveriglerinde enerji verimliliginden 6nce {irliniin
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fiyatina dikkat ettiklerini belirtmislerdir. Bu durum hem yenilenebilir enerji sistemlerinin kullaniminda
hem de aligveris tercihlerinde maliyetin katilimcilar tarafindan 6n planda tutuldugunun gostergesidir.

Sonuc ve Oneriler

Yapilan tiim degerlendirmeler sonucunda TOGU yerleskesi kullanicilariin cogunlugu cevre
sorunlart konusunda bilgi sahibi olduklarini, giinliik yagamlarinda enerji tasarrufuna dikkat ettiklerini
ve atiklarin geri doniisiimiine katki sagladiklarini belirtmislerdir. Cevresel tutum, geri doniisiim
tercihleri ve enerjinin verimli kullanimina iliskin katilimcilara yonlendirilen sorulara verilen cevaplar,
katilimcilarin gevre sorunlari ve sorunlarin ¢6ziimil i¢in alinmasi gereken bireysel dnlemler hakkinda
bilgi sahibi olduklar1 yoniindedir. Ote yandan cevre dostu alisveris tercihleri, organik ve inorganik
malzemelerin geri doniistiiriilmesi, enerji tasarrufu ve yenilenebilir enerji kullanimi gibi kullanicilarin
giinliik yasamlarina adapte edebilecekleri bireysel 6nlemlerin uygulanmasi konusunda kullanici profili
kategorilerine gore farkliliklar oldugu gézlemlenmistir. Her bir soru grubu i¢in yas, egitim seviyesi ve
gelir seviyesi arttikca hem biling hem tutuma iliskin farkindalik diizeyinin arttig1 gézlemlenmistir. Bu
nedenle, TOGU yerleskesinde c¢evresel farkindalik diizeyinin artirilmasi i¢in genclere ydnelik
bilgilendirme ¢aligmalar1 yapilmali, bu konuda faaliyetler yapan sivil toplum kuruluslarina
Ogrencilerin katilimi saglanmali, ¢evre bilincini artiracak etkinlikler diizenlenmeli, yerleskenin geri
doniisiim potansiyelini artirmak icin yerleskenin birden fazla konumuna kolay erisilebilen geri
doniisiim noktalar yerlestirilmeli, kampiiste kullanilan enerji yenilenebilir kaynaklarindan tretilerek
kullanicilarin bireysel hayatlarinda da yenilenebilir enerji kullanmasi tesvik edilmelidir.

Arastirmacilarin Katki Oram Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamig olduklarini beyan ederler.

Cikar Catismasi Beyam
Makale yazarlar1 aralarinda herhangi bir ¢ikar catismasi olmadigini beyan ederler.
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Oz

Tarimsal iiretim, gliniimiizde artan niifusla birlikte olduk¢a 6nemli duruma gelmistir. Buna bagli olarak,
tarimsal iiretim alanlar1 glin gegtikge artmaktadir. Fakat bu artig, 6zellikle hizli ve plansiz kentlesme sonucu
tarim alanlarinda baskiy1 artirirken, tarim alanlarinin uygun olmayan orman-mera veya dogal alanlari iizerine
dogru kaymalarina neden olabilmektedir. Arazi Ortiisii ve arazi kullanim tiirlerindeki zamansal degisimleri
belirleyerek, bu kullanim tiirlerinin alansal degisiminin tespiti yapilabilir. Boylece degisimin yonii belirlenerek
arazi kullamim planlama c¢aligmalart ile gerekli planlamalar ve tedbirler alinabilir. Bu c¢aligmanin amaci,
Tiirkiye’deki limon yetistiriciligi agisindan en fazla ve en 6nemli {iretim yeri olan Mersin ili Erdemli il¢e sinirlart
igerisinde limon {iretim alanlarinin zamansal olarak degisimini belirlemektir. Calismada 2000 ve 2023 yillarina
ait Landsat uydu goriintiileri ve 2005-2015 yillarina ait vektdr limon parsel verileri kullanilmistir. Elde edilen
sonuglara gore, 23 yillik ara ile iki farkli tarihe ait Landsat uydu goriintiisii kullanilarak arazi kullanim ve arazi
ortiisiinde meydana gelen degisimler incelenmistir. Limon arazilerinin 2000 yilinda 9826 hektar alan kaplarken
2023 yilinda 11300.2 hektar alana yiikseldigi, mera alanlarinin 19764.2 hektardan 15215.4 hektara, orman
alanlarinin ise 16287.7 hektardan 16054 hektara diistiigii belirlenmistir. Sera alanlar1 da alanda artig gdstermis
olup 1108.4 hektardan 1535.9 hektara yiikselmistir.
Anahtar Kelimeler: Arazi kullanimi- arazi ortiisii degisimi, uzaktan algilana, limon bahgesi, Erdemli

Determination of Temporal and Spatial Changes in Lemon Orchards of Mersin-Erdemli
District by Remote Sensing and GIS

Abstract

The significance of agricultural production has increased in tandem with the global population. The area
dedicated to agricultural production is expanding at a rapid pace. Nevertheless, while this expansion exerts
pressure on agricultural areas, particularly as a consequence of rapid and unplanned urbanisation, agricultural
areas may also result in the conversion of forest and pastureland to less suitable natural habitats. By determining
the temporal changes in land cover and land use types, it is possible to ascertain the spatial change of these use
types. Thus, the direction of change can be determined and necessary plans and measures can be taken with the
aid of land use planning studies. The objective of this study is to ascertain the temporal evolution of lemon
production areas within the boundaries of Erdemli district in Mersin province, which represents the largest and
most significant production area in Turkey. The study employed Landsat satellite images from 2000 and 2023
and lemon vector parcel data from 2005 to 2015. According to the results obtained, the changes in land use and
land cover were analysed by using Landsat satellite images of two different dates with an interval of 23 years,
and the lemon land, which covered an area of 9826 ha in 2000, increased to 11300.2 ha in 2023. The increase in
the area of greenhouse areas increased from 1108.4 ha to 1535.9 ha. Pasture land decreased from 19764.2 ha to
15215.4 ha, forest land decreased from 16287.7 ha to 16054 ha in 2023.
Keywords: Land use-land cover change, remote sensing, lemon orchard, Erdemli

240


mailto:dmrginci@gmail.com
https://orcid.org/0000-0002-5810-6591
https://orcid.org/0000-0002-0458-6016
https://orcid.org/0000-0003-0352-0119

COMU Zir. Fak. Derg. (COMU J. Agric. Fac.) Aragtirma Makalesi
Research Article

Giris

Glnilimiizde tarimsal {iretim, artan niifusla birlikte olduk¢a onemli duruma gelmistir. Buna
bagl olarak tarimsal iiretim alanlar1 giin gectikge artmaktadir. Fakat bu artis, 6zellikle hizli ve plansiz
kentlesme sonucu tarim arazileri {izerindeki baskiy1 artirirken, ayni zamanda tarim alanlarinin uygun
olmayan orman-mera veya dogal alanlari {izerine dogru kaymalarina neden olabilmektedir. Arazi
ortiisti ve arazi kullanim tiirlerindeki zamansal degisimleri belirleyerek, bu kullanim tiirlerinin alansal
degisiminin tespiti yapilabilir. BoOylece degisimin yonii belirlenerek arazi kullanim planlama
caligmalari ile gerekli planlamalar ve tedbirler alinabilir.

Tarimsal iiretimde 6nemli bir yeri olan ve ekonomik degeri yiliksek portakal, mandalina,
limon, altintop, turung, kamkat, gibi turuncggiller, Rutaceae Ailesi’nin Aurantroideae Alt Familya’sinin
{iyesi olan Citrus cinsine aittir. Onemli bir C vitamini kaynagi olan turunggillerin regel, meyve suyu
gibi farkli alanlarda da kullanimi s6z konusudur. 2021 yilinda yaklasik 8.7 milyon hektar alanda
turunggil tliretimi yapilmistir (FAO, 2023) Bu iiretimin %45’ini portakal, % 36’sin1 mandalina, %
15’ini limon ve % 4’iinii greyfurttur. 2021 yilinda Tiirkiye’de ise 166 bin hektar alanda turunggil
tiretimi yapilmaktadir. Diinyadaki turunggil iiretiminde Asya Kitas1 % 44.9 ile ilk siradadir (Atl ve
Soyler, 2018). USDA (2023) verilerine gére 2022/2023 iiretim sezonunda 48 milyon ton portakal, 37
milyon ton mandalina, 9 milyon ton limon iiretimi gerceklesmistir.

Turunggiller iginde 6nemli bir yeri olan limonun pek ¢ok kullanim alan1 mevcuttur. Limon;
suyu, eti, ¢icegi, kabugu gibi farkli alanlarda kullanilmaktadir. Ayrica kozmetik triinler, parfiim ve
mum gibi farkli alanlarda kullanilan bitkidir (Sahin, 2022). Bu nedenle hem diinyada hem de
Tiirkiye’de de limonun iiretim alanlar1 artig gostermektedir. Diinya tizerindeki limon {iretim alanlari,
2017 yilinda 1.105 hektar iken 2021 yilinda 1.338 hektara yiikselmistir (FAO, 2023). Tiirkiye, limon
iiretimi acisindan 2022/2023 1.3 milyon tonluk iiretim miktar1 ile diinyada dordiincii sirada yer
almaktadir. Bu iiretimin biiyiik ksimi Akdeniz ve Ege bolgelerinde olmaktadir. Tiirkiye’de 2018
yilinda 1.100.000 ton olan limon iiretimi 2022 yilinda 1.323.000 tona yiikselmistir (TUIK, 2023).
Mersin ili, Tiirkiye’ de limon iiretimi agisindan stratejik bir neme sahip olup %47°lik {iretim payi ile
ilk sirada yer almaktadir (TUIK, 2023). Mersin ilinde limon iiretim miktarinda her yil artislar
gozlenmektedir. Limon iiretiminde meydana gelen bu artiglar, ihracati da etkilemektedir. 2018/2019
piyasa yilinda 528.980 ton olan limon ihracati, 2022/2023 yilinda ise 595.334 tona yiikselmistir
(TUIK, 2023). Bu durumda genel olarak limon iiretiminin alan ve oran olarak yillar diizeyinde artis
gosterdigini  sOylemek miimkiindiir. Limon yetistiriciligi acisindan dogru bir degerlendirme
yapabilmek i¢in iiretim miktarindaki artiglarin yan sira liretim alanlarinda meydana gelen artislarin da
belirlenmesi gerekmektedir. Ayrica bu alan bazli artiglarin, hangi arazi kullanim tiirii {izerinde
gerceklestiginin belirlenmesi de 6nemlidir. Limon yetistiriciligi ile ilgili farkli ¢calismalar yapilmistir.
Omegin Koca (1997) yaptigi calismada, Erdemli’de limon yetistiriciliginin cografi esaslarimi
incelemis ve limon tarimiin ekonomik katkisini belirleyerek sorunlar ile ilgili ¢6ziim Onerilerinde
bulunmustur. Calismada, Erdemli’nin gelismesi ve niifusun hizla artmasi sonucu limon
yetistiriciliginin de hizla arttigi sonucuna ulasilmigtir. Sahin (2022) ise Tirkiye’de limon iiretiminin
cografi isaret kapsamindaki limonlar ile Tiirk limonlarinin rekabet giiciiniin artirilmasina ydnelik
tedbirleri ele almig, limon fliretim alanlarmin planli bir sekilde yapilmasi gerektiginin iizerinde
durmustur.

Bu ¢aligmanin amaci, 2000 ve 2023 yillar1 arasinda Tiirkiye’de limon yetistiriciligi agisindan
en fazla iiretim yapilan ve en 6nemli iiretim yeri olan Mersin ili Erdemli il¢e sinirlari igerisinde limon
iiretim alanlarinin zamansal olarak degisimini belirlemektir. Farkli yillara ait uydu goriintiilerinden
ayrica diger arazi tilirlerinin de (orman, mera, yerlesim alani) tespiti yapilarak hangi arazi tiiriinden
limon arazisine doniistiiriildiigiiniin tespiti de amaglar arasindadir.

Materyal ve Yéntem

Calisma alaninin Genel Ozellikleri

Calisma alani, Mersin ilinin Erdemli ilgesinde yer almaktadir. Kuzey siniri, kiyidan itibaren
800 m izohipsi esas alinarak belirlenmistir. Dogusunda Igel, batisinda Silifke ilgeleri ve giineyinde
Akdeniz bulunmaktadir (Sekil 1). Ayrica ¢alisma sahasi, 36° 32' 22"-36° 47' 05" kuzey paralelleri ile
34° 05' 55"- 34° 26' 14"dogu meridyenleri koordinatlar1 arasindadir ve yaklasik olarak 5430.96
hektardir.
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Sekil 1. Caligma alaninin lokasyon haritasi
Figure 1. Location map of the study area

Calisma alaninin yiikseltisi deniz seviyesinden baslayarak 800 m’ye kadar ¢ikmaktadir (Sekil
1). Aliivyal depo alanlarinda egim degerleri ortalama % O ile 2 arasindadir (Sekil 2). Bu deger
kuzeydeki daglik bolgelerde % 45’in iizerine ¢ikmaktadir. Genel olarak ¢aligma alaninin baki yoneyi

ise gliney yondedir.
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Sekil 2. Caligma alaninin egim ve baki haritasi
Figure 2. Slope and aspect map of the study area

Meteoroloji Genel Miidiirliigii’nden alinan veriler dogrultusunda 1975-2011 yillar1 arasinda
sicaklik ortalamasi Erdemli igin 18.3 °C olup yillik toplam yagis ortalamast 556.41 mm’dir. Yagislar
genellikle kisin olmaktadir. Thornthwaite iklim smiflama sistemi, Erdemli 6l¢iim istasyonlarina ait
verilere uygulandiginda c¢alisma sahasi ikliminin “C1 B3 s2 b4” smifinda yer aldigi belirlenmistir
(Karabulut ark., 2013). Yani ¢alisma sahasi iklimi, kurak-az nemli, mezotermal, su noksani yaz
mevsiminde ve ¢ok siddetli olan, okyanus tesirine yakin tali iklim sinifindadir.

Verimli aliivyal topraklara sahip kiy1 kesiminde yogun olarak limon tarimi yapilmaktadir.
Sahada hakim unsur Miyosen yash kiregtagidir (Sekil 3). Bu jeolojik unsur alan igerisinde 3115.43
hektar alan ile alanin % 57.4’iinii kaplamaktadir. Kiyida Erdemli sehir merkezi ve ¢evresinde aliivyal
araziler yayilis gostermektedir. Aliivyal tabanli olan bu ovalar, Adana ili ovalarinin bir devami olarak
goriiliip; Pleistosen’de olustugu goriisii 6ne c¢ikmaktadir (Koca, 1994). Alanin kuzeyinde daglik
alanlarinda ise Mesozoik yasli, ayrilmamis bazik ya da ultrabazik kayaclar yayilis gostermektedir.
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Sekil 3. Calisma alaninin jeoloji haritasi
Figure 3. Geological map of the study area

Materyal ve Yontem

Calisma alaninda limon alanlarimin belirlenmesi ve zamansal olarak degisiminin ortaya
konmasi agisindan hem limon alanlar1 hem de diger arazi tiirlerinin degisimi i¢in 03.05.2023 Landsat 8
OLI-TIRS ve 11.05.2000 Landsat (TM) tarihlerine ait uydu goriintiileri {izerinden islem yapilmstir

(Sekil 4).
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Sekil 4. Calisma alaninin LANDSAT uydu goriintiileri (2000, 2023)
Figure 4. LANDSAT satellite images of the study area (2000, 2023)

Calisma alami farkli iki uyduya girdiginden siniflandirma igslemi yapmadan 6nce mozaikleme
uygulanmistir. Mozaikleme isleminden sonra radyometrik, atmosferik diizeltme islemleri yapilmis ve
Pan-Sharpening islemi yapilarak goriintii zenginlestirme yapilmistir. ENVI 5.3 programi kullanilarak
kontrollii siniflandirma yapilmistir. Arazi ¢alismalarinda her bir siif i¢in 50 adet olmak {izere 300
adet nokta belirlenmis ve bunlarin koordinatlar1 kaydedilmistir (Sekil 5). En ¢ok kullanilan yontem En
Yiiksek Olasilik (Maksimum Likelihood) yontemidir (Ekercin, 2007). Bu nedenle bu c¢alismada En
Yiksek Olasilik yontemi kullanilarak alti farkli sinif olusturulmustur (limon arazisi, yapay alan, su
ylizeyi, orman, mera ve sera). Siniflandirma islemi ve sonundaki dogruluk analizi igin ENVI 5.3
programi, haritalarin  yapiminda da ArcGIS 10.8 programlart kullanilmistir. Elde edilen
siiflandirilmig haritalar dogruluk analizleri yapilmistir. Ayrica, ¢alisma alani i¢in Tarim ve Orman
Bakanlig1 tarafindan limon parselleri olarak kayit edilen alanlar da kullanilmstir (Sekil 5).
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Sekil 5. Caligma alanindan alinan yer kontrol Vrrlc;ktalarl ve limon parselleri
Figure 5. Ground control points and lemon plots taken from the study area

Dogruluk Analizi

Uzaktan algilama veri ve tekniklerinin hizla gelismesi farkli alanlarda kullanimi saglamustir.
Dogruluk analizinden elde edilen sonuclarin gercek verilerle kontrollerinin yapilmasi gerekmektedir.
Bu nedenle, gercek arazilerden referans noktalari belirlenerek dogruluklarinin kontrol edilmesi
uzaktan algilama ¢alismalari i¢in dnemlidir (Dagistanli ve ark., 2018).

Dogruluk analizi, en yaygin olarak kullanilan hata matrisi yontemi (Fan ve ark., 2007) ile
belirlenmistir. Gergek araziden alman yer kontrol noktalari ile kontrollii siniflandirma yapilan harita
istatistiksel olarak karsilastirilir. Siniflandirma sonrasi karsilasilan hatalar, piksellerin yanlis siniflara
atanmasindan dolay1 meydana gelmektedir. Ayrica, siniflandirma sonrasi dogruluk analizlerinde hata
matrisi ile birgok hata 6l¢iisii olusturulabilir. Kullanict dogrulugu, iiretici dogrulugu ve genel dogruluk
en ¢ok kullanilan hata dl¢iilerindendir (Yan, 2006). Kullanic1 dogrulugu asagidaki esitlikte verilmistir
(Yan, 2006) (Esitlik 1).

Kullanic1 Dogruluk = nii/nik 1)

Burada; nii: siniflandirilmis piksel ve nik : siniflandirilan toplam piksel anlamina gelmektedir,

Uretici dogrulugu ise her bir sinif i¢in dogru olarak smiflandirilmis piksel sayisinin, o sinif
icin secilen gergek Ortii tipi drnekleme sayisi toplamina (silitun toplami) bolinmesiyle hesaplanmistir
(Esitlik 2).

Uretici Dogruluk = nii/nki )

Burada; nii: Dogru olarak siniflandirilmig piksel ve nki: o smif igin segilen gergek Ortii tipi
ornekleme sayisi toplami anlamina gelmektedir,

Bu iki degerden birinin 100’e yakindir. Ancak iki degerden birinin yada ikisinin de kiigiik
olmasi durumunda yeniden degerlendirme yapilmalidir (Boyaci, 2012).

Genel dogruluk, her bir simf i¢in dogru olarak siniflandirilmis piksel sayisinin, toplam
referans piksel sayisina boliinmesi ile hesaplanmistir (Esitlik 3).
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Sonucun % 80’in iizerinde olmasi genel olarak islemin dogru oldugu kabul edilir (Kog ve
Yener, 2001; Ozdemir ve Ozkan, 2003).
Simiflandirma sonras1 kappa (k) degerine de bakilir (Esitlik 4).
z ,
‘VZ ‘Yii _Z (‘Yi— " ‘Y—i )

K = i-1 i-1

hat >

Wy 4 )
i-1 (4)

Bu esitlikte kullanilan semboller agagidaki gibidir:

Bu esitlikte kullanilan semboller:

r : hata matrisindeki toplam satir sayisi,

Xii: 1. satir ve slitundaki piksel sayisi,

Xi: i. satirdaki toplam piksel sayisi,

N : matrisin tamamindaki piksel sayis1

Kappa degeri 0 ile 1 arasinda bir deger alir. Bu degerin 1’e yakin olmasi siniflandirmanin
dogru ve giivenilir oldugunu gosterir (Lillesand ve ark., 2008). Smiflandirildiginda ise araliklar su
sekildedir: k: < 0.20 ise dnemsiz uyum, k: 0.21-0.40 ise minimal uyum, k: 0.41-0.60 ise orta derecede
uyum, k: 0.61-0.80 ise 6nemli derecede uyum, k: 0.81-1.00 ise gozlemciler arasindaki uyumun tamdir
(Celik, 2006).

Bulgular ve Tartisma

Bu c¢alismada, Erdemli ilgesi kiyr kesiminde 2000 ve 2023 yillar1 arasinda limon
yetistiriciliginin yapildig1 alanlardaki degisim incelenmistir. Bu amagla Landsat uydu goriintiilerinden
faydalanilarak alanin arazi kullanimi belirlenmistir. Calisma alaninda 2000 yilinda 9826 hektar alan
kaplayan limon arazisi 2023 yilinda 11300.2 hektar alana yiikselmistir (Cizelge 1). Tarim ve Orman
Bakanlig: tarafindan kayit altina alinan limon parsellerinin 2015 yilina ait verileri 3464 ha alan
kaplamaktadir. Alanda her iki yilda da limon arazileri, limon parsellerinden daha fazla alan
kaplamaktadir. Mera alanlart 2020 yilinda 19764.2 hektar iken 2023 yilinda 15215.4 hektara
diismiistiir. Yine orman arazisinde de bir azalis s6z konusudur. Orman arazileri, 2020 yilinda 16287.7
hektar alan kaplarken 2023 yilinda 16054 hektara gerilemistir. Calisma alaninda kiyida 6zellikle
yerlesim yerleri ¢cevresinde limon arazilerinde artig yasanmustir (Sekil 6). Ayrica 2000 yili ve 2023 yili
siiflandirilmig  goriintiiyli karsilastirdigimizda giineydeki hem ormanlik alanlarin hem de mera
alanlarmin limon arazisine doniistliriildiigli goriilmektedir (Sekil 6). Yapay alanlar olarak
siniflandirdigimiz yerlesme, yol vb. alanlarin 2023 yilinda hem Erdemli ilge merkezinde hem de sahil
seridi boyunca arttig1 sdylenebilir.

Cizelge 1. Calisma alanindaki arazi ortiisiiniin alansal ve oransal degisimi
Table 1. Areal and proportional change of land cover in the study area

2000 2023
Arazi Tiirleri ha % ha %
Limon 9826 18.1 13300.2 24.5
Mera 19764.2 36.4 15215.4 28.0
Orman 16287.7 30.0 16054 29.5
Su yiizeyi 2097.8 3.9 2015.6 3.7
Yapay alanlar 52445 9.7 6207.5 11.4
Toplam 54328.6 100.0 54328.6 100.0
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Sekil 6. Calisma alaninin arazi kullanim harifalarl
Figure 6. Land use maps of the study area

Calisma alaninda limon arazilerindeki artigin giineye orman ve mera alanina yayilisi uydu
gorlintiilerinde de acik bir sekilde goriilmektedir (Sekil 7). 2000 ve 2023 yillar1 arasinda sera
alanlarinin da artis gosterdigini sdyleyebiliriz. Elde ettigimiz siiflandirilmg goriintiilerden ve uydu
gorilintiilerinden de bu degisim, net bir sekilde gozlemlenmistir (Sekil 8). Giineye dogru yerlesim
merkezlerinin ¢evresinde sera alanlarinda artigin oldugu belirlenmistir. Sera alanlar1 1108.4 hektardan

1535.9 hektara yiikselmistir (Cizelge 1).
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Sekil 7. Arazi siniflandirmasi ve uydu goriintiilerinden 2000 ve 2023 yili limon arazilerindeki degisim
Figure 7. Change in lemon lands in 2000 and 2023 from land classification and satellite images
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Sekil 8. a) 2000 yilina ait sera alanlar1 b) 2023 yilina ait sera alanlari
Figure 8. a) Greenhouse areas in 2000 b) Greenhouse areas in 2023

Calisma alanina ait 11.05.2000 Landsat (TM) ve 03.05.2023 tarihli Landsat-8 OLI uydu
goriintiileri kullanilarak arazi kullaniminin belirlenmesine yonelik yapilan dogruluk analizleri i¢in her
bir arazi tiirlinden 50’ser adet, toplam 300 yer kontrol noktalar1 belirlenmistir. Bu kontrol noktalari
belirlenirken; arazi, Google Earth goriintiisii ve uydu goriintiilerinden yararlanilmistir. iki uydu
goriintiisiiniin siniflanmasi sonrasi elde edilen dogruluk analiz sonuglar1 Cizelge 2’ de verilmistir. Elde
edilen sonuglara gore 11.05.2000 tarihli uydu goriintiisiinde % 88.76 dogruluga ulagilmistir. Bu degere
gore simflandirma, dogru ve giivenilir seklinde yorumlanmaktadir (Kog ve Yener, 2001; Ozdemir ve
Ozkan, 2003). Ayrica 0.85 kappa degeri, gdzlemciler arasindaki uyumun oldugu sonucu ¢ikmaktadir.
Elde edilen sonuglara gore en yiiksek dogruluk, % 95.00” lik oran ile su alanlarinda belirlenmistir.
Dogruluk siralamasinda, su alanlarindan sonra yapay yiizeyler (% 94.20), limon (% 93.17), sera (%
92.20), mera (% 89.17) ve orman alanlart (% 72.95) gelmektedir. 03.05.2023 tarihli uydu
goriintiisiinde siniflandirma sonuglar i¢in % 87.00 dogruluga ulasilmis ve 0.82 kappa degeri ile
gbzlemciler arasindaki uyumun tam oldugu belirlenmistir. Bu doneme ait sonuglarda kullanici
dogrulugu en yiiksek % 98.24 ile orman alanlarinda elde edilmistir. Orman alanlarini sirasiyla; limon
(% 92.2), su alam (% 91.44), sera (% 90.33), yapay alanlar (% 89.1) ve mera alanlar1 (%78.13)
izlemistir.

Cizelge 2. Her bir uydu goriintiisiiniin siniflandirma sonrasi elde edilen dogruluk analiz sonuglari
Table 2. Accuracy analysis results obtained after classification of each satellite image

11.05.2000 (%) Genel Dogruluk = % 88.76 Kappa Degeri = 0.85

Uretici Kullanici
Simf Limon arazisi Mera Orman Sera  Suyiizeyi Yapay alanla Dogrulugu  Dogrulugu
Limon arazisi 93.17 2.05 1.49 221 257 0.00 92.16 89.42
Mera 1.96 89.17 1.39 2.6 0.76 5.64 87.2 78.14
Orman 0.04 1.85 7295 021 152 0.16 85.41 76.95
Sera 1.31 3.33 0.82 922 0.00 0.00 91.23 85.21
Su yiizeyi 3.52 1.86 22,78 0.00 95 0.00 97.01 95.21
Yapay alanlar 0.00 1.74 057 278 0.15 94.2 97.28 89.83

Toplam 100 100 100 100 100 100
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Cizelge 2 (devam). Her bir uydu goriintiisiiniin siniflandirma sonrasi elde edilen dogruluk analiz sonuglari
Table 2 (cont.). Accuracy analysis results obtained after classification of each satellite image

03.05.2023 (%) Genel Dogruluk = % 90.02 Kappa Degeri = 0.87

Limon arazisi 88.26 5.38 1.41 0.37 0.00 0.31 88.26 92.2
Mera 5.98 8453 0 025 341 12.16 84.53 78.13
Orman 1.92 0.22 9859 0.00 0.00 0.00 98.59 98.24
Sera 0.00 0.00 0.00 97.03 0.00 0.00 97.03 90.33
Su alani 3.20 3.48 0.00 0.5 94.19 2.35 94.19 91.44
Yapay alanlar 0.64 6.39 0.00 186 24 85.19 85.19 89.1
Toplam 100 100 100 100 100 100

Arazi kullanimi/arazi ortiisti ile ilgili yapilan bircok g¢alismada, 6zellikle yapay alanlarin
artisina baglh olarak meydana gelen degisimler ortaya konmustur. Efe ve Alganci (2023) yaptiklar
caligmada, Sentinel 2 uydu goriintiileri ve farkli algoritmalarla Kocaeli ilinde sehirlesme ve tarimsal
faaliyetlere bagli olarak degisimi incelemigler ve Temel Bilesen Analizi-Regresyon Agaci yontem
ikilisinin en yiiksek dogruluk saglayan yaklasim oldugu sonucuna ulagsmislardir. Demirag Turan ve
ark. (2021) Carsamba Delta ovasinda yaptiklari ¢aligmada, Landsat uydu goriintileri kullanarak
gecmisten glinimiize farkli zamanlardaki arazi kullanimi/arazi ortiisiindeki degisimi, degisim analizi
yaparak ortaya koymuslardir. Caligmada 6nemli tarim arazileri olan alanlarin findik ve yapay alanlara
degistirildigi ortaya konmustur. Limon arazilerinde ise genellikle limon yetistiriciligi ve limon
iireticisinin sorunlari ile ilgili ¢alismalar yiiriitiilmiistiir. Ozer ve Ikikat Tiimer (2020) calismalarinda,
Mersin ili Erdemli ilgesindeki limon yetistiriciligi yapan fireticilerin risk karsisindaki tutumlarin
etkileyen faktorleri belirlemislerdir. Ureticilerin risk karsisindaki tutumlari ile yas, egitim, sans oyunu
oynama, iyi tarim uygulamalar1 hakkinda bilgi sahibi olma durumu arasinda pozitif, tarim diginda bir
iste calisma, herhangi bir afetle karsilagsma, iiretici birligine iiyelik durumu arasinda negatif yonlii bir
iligki belirlemislerdir. Sahin (2022) ¢alismasinda limonun tarihsel ge¢misine deginmis olup limonun
yetistirilme sartlarim1  ve ge¢misten gilinlimiize Tiirkiye’deki limon {iretiminden-dagilisindan
bahsetmistir. Bu ¢alisma ile limon iiretiminin mekansal dagilis1 incelenmis, gecmis ve giiniimiizdeki
karsilastirilmasi yapilmistir.

Sonuc ve Oneriler

Bu calismada, Akdeniz Bolgesi’nin en dnemli limon yetistiriciligi yapilan Erdemli ilgesi kiy1
kesiminde yaklagik 23 yillik ara ile iki farkli tarihe ait Landsat uydu goriintiisii kullanilarak arazi
kullanimi ve arazi Ortiisiinde meydana gelen degisimler incelenmistir. Calisma alaninda 2000 yilinda
9826 hektar alan kaplayan limon arazisi 2023 yilinda 11300,2 hektar alana yiikselmistir. Sera alanlari
ise artis gostermis olup 1108,4 hektardan 1535.9 hektara yiikselmistir. Mera alanlari, 19764.2 hektar
iken 15215,4 hektar alana diigmiistiir. Orman alanlar1 az miktarda bir azalma gdstermis, 16287.7
hektar iken 16054 hektar olmustur. Uydu goriintiilerine ait siniflandirmalarin dogruluk oranlarinda ise
%85’1n iizerinde bir oran elde edilmistir. Calisma alaninda, limon arazilerinde artig, mera ve orman
arazilerinde ise azalis oldugu sonucuna ulasilmistir. Ayrica Erdemli ilge merkezini de igine alan
caligma alani igerisinde yapay alanlardaki artis da dikkat ¢ekmektedir. Son zamanlarda tarim
alanlarinda sera isletmelerinde artis olmas1 bu alanda da kendini gostermektedir. 2000 ve 2023 yillar
karsilastirildiginda sera alanlarinda da mekansal olarak ciddi artisin oldugu sdyleyebilir.

Bu ¢alismada, elde edilen bulgularin gegmis ile glinlimiiz karsilastirilmasi sunulmustur. Elde
edilen sonuglar dogrultusunda, limon yetistirilen arazilerin ne yonde ilerlediginin tespiti yapilmis ve
gelecekte yapilacak farkli siirdiiriilebilir arazi kullanimi veya iiretime yonelik yonetim planlama
caligmalarinda kullanilmak iizere karar vericiler i¢in 6nemli bir altlik olusturulmustur. Ayrica bu
calisma sonuglari, Uzaktan algilama ve Cografi Bilgi Sistemlerinin aktif bir sekilde kullanilmasinin
kisa stirede daha dogru sonuglar almamiz agisindan 6nemli goriilmektedir.

Arastirmacilarin Katki Orami Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.
Cikar Catismasi Beyam
Makale yazarlar1 aralarinda herhangi bir ¢ikar catismasi olmadigini beyan ederler.
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Abstract

The rising demand for sustainable food production due to climate challenges has increased the interest
in perennial crops as a potential solution. Perennial wheat improves soil structure thanks to its deep root structure
and can contribute to reducing agricultural inputs and carbon emissions through reduced tillage. This study
evaluates the first-year yield performances of 20 perennial wheat genotypes and 23 F; hybrids obtained from
intraspecific crosses among these lines, with two commercial bread wheat cultivars. The field experiments were
conducted over two consecutive growing seasons (2021-2022 and 2022-2023) at experimental fields of Ege
University, Faculty of Agriculture and Department of Field Crops. Key agronomic traits measured were plant
height (PH), grain number per spike (GNS), thousand kernel weight (TKW), and plot yield (PY). The ANOVA
indicated significant genotypic effects on all traits (p<0.01), and year effect was significant for PH (p<0.05) and
TKW (p<0.01). Heritability estimates were high for all four traits, particularly for PH (H?=0.93), TKW
(H?=0.82), and GNS (H?=0.77), demonstrating substantial genetic influence on these traits. There was
considerable variation observed in PH, with genotypes derived from Thinopyrum ponticum exhibiting the tallest
growth, while commercial varieties (checks or control) displayed a relatively shorter stature. The commercial
cultivars excelled in yield-related traits, consistently ranking in the highest statistical groups for TKW, GNS, and
PY. Promising genotypes included G18 (sourced from Th. intermedium) and G19 (sourced from Th. ponticum),
which close to commercial standards in TKW and PY across both years showed that these lines are promising
for future breeding studies aiming to improve the yield. The findings demonstrate that specific perennial wheat
genotypes can be employed in breeding programmes to achieve high yields, whereas the yield performance of
lines is influenced by their genetic resources.
Keywords: perennial wheat, yield, plant height, heritability, heterosis.

Cok Yillik Bugday Genotiplerinin ve F1 Hibritlerinin On Verim

Performanslariin Degerlendirilmesi
Oz

iklim degisikligi nedeniyle siirdiiriilebilir gida iiretimine olan talebin artmasi, ¢ok yillik bitkilere olan
ilgiyi arttirmaktadir. Cok yillik bugday derin kok yapisi sayesinde toprak yapisini iyilestirir ve daha az toprak
isleme ile tarimsal girdilerin ve karbon emisyonunun azaltilmasina katkida bulunabilir. Bu ¢alismada, 20 farkl
¢ok yillik bugday genotipinin ve bu genotipler arasinda yapilan tir ici melezlemelerden elde edilen 23 F;
melezinin, iki ticari ekmeklik bugday c¢esidi ile birlikte, verim performanslar1 degerlendirilmistir. Tarla
denemeleri, Ege Universitesi Tarla Bitkileri Boliimii deneme alanlarinda, 2021-2022 ve 2022-2023 bugday
yetistirme sezonlarinda yiriitiilmistiir. Arastirmada bitki boyu (PH), basakta tane sayisi (GNS), bin tane agirlig
(TKW) ve parsel verimi (PY) (g/plot) 6zellikleri incelenmistir. Varyans analiz sonuglari, tiim ozellikler igin
genotipik etkilerin 6nemli oldugunu (p<0.01) géstermis ve yil etkilerinin PH (p<0.05) ve TKW (p<0.01) igin
anlamh oldugunu ortaya koymustur. incelenen dért ozellik igin yiiksek genis anlamda kalitim dereceleri
gdzlenmistir. Ozellikle PH (H?=0.93), TKW (H?=0.82) ve GNS (H?=0.77) karakterleri igin genetik etkinin
onemli oldugu yiiksek kalitim derecelerinden anlagilmaktadir. Bitki boyu Thinopyrum ponticum kaynakli
genotiplerde yiiksek olarak bulunmus, ticari gesitler ise nispeten daha kisa boy degerlerine sahip olmuslardir.
Ticari gesitler, verimle dogrudan iligkili 6zelliklerde Ustiinliik gostermis ve TKW, GNS ve PY i¢in en yiiksek
istatistiksel gruplarda yer almiglardir. G18 (Th. intermedium kaynakli) ve G19 (Th. ponticum kaynakli) her iki
yilda da ticari ¢esitlere yakin verim performaslar1 ile umut verici genotipler arasinda yer almislardir. Bu
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sonuglar, belirli ¢cok yillik bugday genotiplerinin yiiksek verim igin 1slah programlarinda kullanilabilecegini
vurgularken, hatlarin verim performanslariin genetik kaynaklarindan etkilendigini gostermistir.
Anahtar Kelimeler: Cok yillik bugday, verim, bitki boyu, kalitim derecesi, heterosis

Introduction

The annual grain crops supply 70% of the global calorie demand in daily consumption and
occupy 70% of the world's arable land (Glover et al., 2010). The environmental challenges sourced
from climate change are affecting the global agricultural production and the sustainability of current
food systems are increasingly questioned (Erenstein et al., 2022). Perennial wheat, a novel agricultural
innovation, represents a significant advancement in the quest for sustainable food production systems.
This crop is derived from hybridization between traditional wheat species and their perennial relatives,
particularly those from the genus Thinopyrum. The development of perennial wheat aims to combine
the desirable traits of both annual and perennial plants, thereby addressing pressing agricultural
challenges such as soil degradation, nutrient loss, and the need for sustainable farming practices. The
cultivation of perennial wheat is gaining attention due to its potential to enhance soil health, improve
carbon sequestration, and provide a reliable source of food while minimizing environmental impact
(Kane et al., 2016; Cassman and Connor, 2022; Bell et al., 2010). The environmental benefits of
perennial wheat are particularly noteworthy. Unlike annual crops, which require tillage and replanting
each season, perennial wheat maintains a continuous root system that enhances soil structure and
stability. This characteristic significantly reduces soil erosion and nutrient leaching, contributing to
improved soil fertility over time (Kurmanbayeva, 2024; Tyl and Ismail, 2018).

Agronomically, perennial wheat presents unique challenges and opportunities. While it is still
in the developmental stages, ongoing research is focused on improving its yield and resilience. Initial
assessments have indicated that perennial wheat may produce lower biomass than its annual
counterparts; however, its dual-purpose potential as both a grain and forage crop is being explored
(Jaikumar et al., 2012; Abbasi et al.,, 2020). The integration of perennial wheat into existing
agricultural systems could enhance biodiversity and provide additional forage for livestock, thereby
supporting mixed farming operations (Newell and Hayes, 2017; Ryan et al., 2018). Moreover, the
genetic diversity introduced through hybridization with perennial species may confer advantages such
as disease resistance and drought tolerance, which are increasingly critical in the face of climate
variability (Morgan, 2023; Turner et al., 2013). Numerous studies have investigated the performace of
the perennial wheat lines based on the yield related morphological traits. Murphy et al. (2009)
assessed the nutritional and quality characteristics of 31 perennial wheat breeding lines. They reported
significant variability in agronomic traits, including grain yield and thousand grain weight, among the
lines evaluated. This variability highlights the potential for selecting superior lines that could perform
better under specific environmental conditions. Pogna et al. (2014) recorded the spike length of the
perennial wheat nearly 3 cm longer than the common annual wheat. Jaikumar et al. (2012) reported
the perennial wheat lines grain yield values ranged from 1.0 to 1.6 tons/ha which coincides 50% less
than bread wheat.

The aims of this study were i) to investigate the yield performance of 20 perennial wheat lines
along with 23 F1 hybrids derived from the crosses between perennial wheat lines ii) to compare the
effects of different genetic backgrounds on measured traits iii) to assess the hybrid vigour in F;
hybrids by calculating better parent heterosis (BPH).

Material and Methods

Experimental Site and plant material

The research was conducted during the 2021-2022 and 2022-2023 wheat growing seasons at
the experimental fields of Ege University, Faculty of Agriculture, Department of Field Crops. The trial
location, situated in Izmir/Bornova, is located at an elevation of 6 meters above sea level (38°34'45"
N, 27°122" E). The soil profile of the research area is characterised by a silt-clay composition with a
pH of 8.2 at depths of 0-20 cm, and a clay-loamy composition with a pH of 7.8 at depths of 20-40 cm.

Twenty perennial wheat genotypes sourced from different Thynopyrum spp. species
(Thinopyrum intermedium, Th. ponticum, Th. Elogantum, and Th. Junceiforme) were used along with
23 F1 hybrids derived from the intraspecific crosses between the perennial wheat lines (Table 1). Two
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commercial bread wheat (Triticum aestivum L.) cultivars as Basribey and Masaccio were used as
checks in both years of the study.

Experimental Design

The perennial wheat lines were sown according to randomized complete block design with
three replications in both years. To evaluate the hybrids, randomized incomplete block design was
used with three blocks due to the low amount of F; seeds obtained from the first year. One row plots
were used with 50 cm distance between two rows and 25 seeds were sown in each row (approx. 5 cm
distance between each seed on the row) in both years by hand according to Hayes et al. (2018). The
sowings were done on 11 November 2021 in first year and 28 December 2022 in the second year of
the study. The late sowing in the second year occurred due to an excessive amount of water in the soil
caused by precipitation that made the sowing impossible. Fertilization was applied in the form of NPK
(15-15-15) with the rate of 90 kg pure N per ha at the time of sowing in both years. At the end of
tillering stage, the second fertilizer was applied as 60 kg pure N per ha of ammonium sulphate (21%).
Weed control was performed by hand in both years when it was necessary.

Table 1. The perennial wheat genotypes and F1 hybrids used in the study.

Accession Genotype Donor
Number No Name Origin Wheatgrass

160018 Gl WHEAT-AGROPYRON PONTICUM PARTIAL AMPHIPLOID OTHER Th.ponticum

160020 G3 WHEAT-AGROPYRON PONTICUM PARTIAL AMPHIPLOID USA Th.ponticum

P1573182/BFC2-4//BFC2-
N/3/P1440048/4/(TAM110/P1401201//JAGand
2137)/5/(P1636500/P1414667//P1414667/3/(P1573182/P1314190//BFC1-

160008 G4 FF)) US-TLI  Th.intermedium
160012 G5 (KEQIANG/NANDA2419)/AG.INTERMEDIUM//WHEAT CHINA  Th.intermedium
160009 G8 P1634318/P1414667 US-TLI  Th.junceiforme
160022 G9 WHEAT-AGROPYRON INTERMEDIUM PARTIAL AMPHIPLOID RUSSIA Th.intermedium
160019 G10  VILMORIN 27*2/AG.INTERMEDIUM FRANCE Th.intermedium
160014 G11  WHEAT-AGROPYRON INTERMEDIUM PARTIAL AMPHIPLOID RUSSIA Th.intermedium
160011 G12  (KEQIANG/NANDA2419)/AG.INTERMEDIUM//WHEAT CHINA  Th.intermedium
160017 G13  WHEAT-AGROPYRON PONTICUM PARTIAL AMPHIPLOID US-OSU Th.ponticum
160006 G114  TAM110/PI401201//JAG and 2137 US-TLI  Th.intermedium
160021 G15  T.DURUM/AG.ELONGATUM CIMMYT Th.elongatum
160004 G16  MADSEN//CHINESE SPRING/PI531718 US-WSU Th.elongatum

TAM110/P1401201//JAG and
160007 G17 2137/3/P1520054/4/P1401168/5/(TAM110/P1401201//JAG and 2137) US-TLI  Th.intermedium

160013 G18 HEZUO#2/AG.INTERMEDIUM//\WHEAT CHINA Th.intermedium
160015 G19 WHEAT-AGROPYRON PONTICUM PARTIAL AMPHIPLOID RUSSIA Th.ponticum
160017 G20 WHEAT-AGROPYRON PONTICUM PARTIAL AMPHIPLOID US-OSuU Th.ponticum
160017 G21 WHEAT-AGROPYRON PONTICUM PARTIAL AMPHIPLOID US-OSu Th.ponticum
160017 G22 WHEAT-AGROPYRON PONTICUM PARTIAL AMPHIPLOID US-OSuU Th.ponticum
160017 G23 WHEAT-AGROPYRON PONTICUM PARTIAL AMPHIPLOID US-OSu Th.ponticum

G12 x G5, G5 x G12, G11 x G12, G11 x G10, G17 x G4, G10 x
L%?itgsrmedium * Thntermedium Fa ggx’ G9, G11 x G5, G10 x G11, G14 x GY, G9 x G14, G9 x

G10 x G4, G12 x G10, G4 x G12

G22 x G19, G20 x G3, G21 x G3, G21 x G22, G3 x G13, G3 x
Th.ponticum x Th.ponticum F1 Hybrids G1,
G3 x G20, G1 x G19

The crosses were done in the first year of the study to obtain the F; hybrids. The emasculation and
pollination were done in the lines randomly based on the availability of the male and female parents.
The lines from the same genotypic sources were used in hybridization process. Four yield-related
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morphological traits were measured as plant height (PH), grain number per spike (GNS), thousand
kernel weight (TKW) and plot yield (PY)

Statistical analyses

All statistical analyses were done using R statistical software v4.2.0. The aov function was
used to obtain the analysis of variance table (ANOVA) to control the significance of the variance
sources in the study. Fisher’s least significant difference (LSD) test was applied to determine the
minimum significant differences between the effects. The broad sense heritability (H?) was calculated
for each trait by using the following formula (1):

2
H2 =24 (1)

2
2,0
agt:

Where the H? is broad sense heritability, the cg? is genotypic variance, the ce? is the residual
variance and the n is the number of replications. The best linear unbiased estimations (BLUEs) were
extracted for each genotype to compare the hybrids and their parents. To calculate BLUEs a linear
model was fit to dataset in which the genotypic effect was considered as fixed and year and block were
used as random effects. Then the fixef function of the Ime4 package in R was used to center BLUES
around the mean. All plots were generated by using the ggplot2 package (Wickham, 2016) in R.

Results

Genotypic variations are shaping agronomic traits with high heritability

ANOVA results (Table 2) showed that the genotypic effects are statistically important on
forming all morphological traits measured in perennial wheat genotypes (p<0.01). The effects of two
years were found significant for two traits PH (p<0.05) and TKW (p<0.01), while no year effect was
observed for GNS and PY. Genotype by year interaction effect was found significant only for GNS of
perennial wheat lines.

Table 2. The mean squares from the ANOVA table for the measured agronomic traits.

Source/Trait PH TKW GNS PY
Genotype 2269.27** 239.14** 855.12** 14943.2**
Year 367.46* 935.97** 7.96™ 3613.5™
GxY 79.08" 22.76™ 137.49** 1266.2"
Block 137.44" 14.18™ 175.56* 6956.1**

**: p<0.01, *: p<0.05, ns: non-significant, PH: plant height (cm), TKW: Thousand kernel weight (g), GNS: Grain number
per spike (g/spike), PY: plot yield (g/0.5m?)

The H? values showed that all four measured traits are highly heritable (>0.50) and the
variance values observed for these traits are mainly explained by the genotypic effects (Figure 1). The
most heritable trait was PH (H?= 0.93) followed by TKW (H?= 0.82) and GNS (H?= 0.77). Although
PY was found as the least heritable trait with a 0.65 H? value, it still indicates a sufficient genetic
effect forming the yield in perennial wheat lines.

TKW 4

PY -

PH A

GNS 1

0.00 0.25 050 0.75
Broad Sense Heritability

Figure 1. The broad sense heritability values (H?) of measured traits. PH: Plant height, PY: Plot yield, GNS:
Grain number per spike, TKW: Thousand kernel weight.
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Different genetic sources in perennial wheat affect yield-related traits

The plant height of the perennial wheat lines from different genetic sources and the
commercial check cultivars (Basribey: BAS and Masaccio: MAS) showed a wide range of variation
(LSD: 13.94) (Figure 2a). Although the year effect was significantly important, it can be seen that a
similar patterns among the genotypes weree observed for PH in both years, which confirmed the
insignificant G x E effect (Table 2) for plant height. The G23 sourced from Th. ponticum had the
highest plant height in the first (147.2 cm) and the second (138.3 cm) years of the study, followed by
G15 (sourced from Th. elongatum), while G17 had the shortest PH for both the years of 2023 (66.0
cm) and (64.8 cm). Notably, the genotypes from Th. ponticum generally had taller heights than the
other perennial wheat lines. The lines had the Th. intermedium as perennial genitor was found shorter
in PH than Th. ponticum lines. The check cultivars BAS and MAS had relatively shorter PH values
(=75 cm) in both years (Figure 2a).

Despite the PH, the commercial checks came into prominence when the yield-related traits
were evaluated such as TKW (Figure 2b), GNS (Figure 2c), and PY (Figure 2d). The genotypes BAS
and MAS were consistently placed in the first group in terms of TKW values in both years. The check
cultivars were followed by two genotypes, G19 (33.2g) and G18 (32.0 g) in 2022, and G18 (39.5 @)
and G13 (34.7 g) in 2023. No clear separation was observed between different sources in terms of
TKW (Figure 2b). However, the genotypes G18 (Th. intermedium) and G19 (Th. ponticum) showed
promising TKW values in both years consistently. It can be seen that both G18 and G19 are in the
same statistical groups with commercial checks for TKW in both years (LSD: 6.59).
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Figure 2. Comparison of the perennial wheat genotypes from different genetic backgrounds, T. intermedium, T.
ponticum, T. junceiforme, T. elongatum based on four agronomic traits; plant height (a), Thousand Kernel
Weight (b), Grain Number per Spike (c), and Plot yield (d).

For GNS, the cv. BAS showed a superior performance in both 2022 (84.7) and in 2023 (73.9)
followed by G1 which is in the same statistical group (LSD: 14.15) (Figure 2c). Significant year and G
x E effects can be observed for GNS (Figure 2¢). Generally, the GNS values obtained in the first year
were higher than those of the second year for each genotype. Moreover, changes in the order of the
genotypes across two years indicated a crossover genotype by environment interaction for GNS. For
example, G14 had the least mean GNS (31.0) in the first year, while G11 showed the lowest GNS
value (11.5) in the second year. From different Thinopyrum spp. sources, two perennial wheat lines
belonging to Th. intermedium group (G12 and G5) and one belonging to Th. ponticum group (G1)
were in the same statistical group with cv. BAS in 2022. On the other hand, for 2023, G8 from the
group Th. junceiforme and G1 from Th. ponticum was in the same statistical group with cv. BAS. It is
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notable that the other check cv. MAS didn’t show a similar performance with CV. BAS for GNS in
both 2022 and 2023 (Figure 2c).

For PY, two check genotypes cv. BAS and cv. MAS showed superior performance in two
years followed by G19 (Th. ponticum) which showed the closest performance to the checks (Figure
2d). The lowest yield was obtained from G11 (Th. intermedium) in both 2022 and 2023. Although the
difference between two years was not found significant from ANOVA (Table 2), relatively lower PY
values for 2023 are drawing attention (Figure 2d). Although it was not as clear as PH, the separation
between two different sources, Th. intermedium and Th. ponticum was observed for PY. Especially in
2022, the three most yielded perennial wheat genotypes (G19, G3, G23) were Th. ponticum
derivatives, while the least yielded genotypes (G11, G10, G4) were sourced from Th. intermedium.

Genotypic Performance and Hybrid Vigor Assessments

The best linear unbiased estimates (BLUES) of perennial wheat lines and the F1 hybrids used
in the study are shown in Figure 3. Each point in the figure represents one genotype for one trait. The
colors of the points separate the genotypes based on whether they are hybrids or lines (parents). The x-
axis separates two different sources (intermedium or ponticum). The lines between the two dots
represent the BPH for each hybrid that connects the hybrid’s value with the superior parent. If the
angle the line makes with the x-axis is greater than zero, that means that the hybrid showed better
performance than the superior parent involved in the cross.

Similar to their parents, the ponticum x ponticum hybrids had greater PH values than those of
intermedium x intermedium hybrids (Figure 3a). For Th. intermedium hybrids the highest PH was
observed in 12 x10 cross (103.7 cm), while the lowest PH was observed in the 10 x 4 (77.4 cm) cross.
Out of 15 Th. intermedium hybrids, 11 of them showed positive BPH indicating the high possibility to
obtain hybrid vigor in Th. intermedium crosses for PH. Similarly for the Th. ponticum crosses, five
hybrids out of eight showed a positive BPH. 3 x 1 (122.7 cm) and 21 % 22 (94.4 cm) crosses had the
highest and lowest plant heights respectively.

The hybrids of different Thinopyrum spp. derivatives showed a wide range of TKW values
and it is not possible to conclude that one group is superior to another (Figure 3b). The hybrids, 4 x 9
and 11 x 10 had the highest (40.0 g) and the lowest (16.2 g) TKW values respectively in Th.
intermedium crosses. For the Th. ponticum crosses, 22 x 19 (40.2 g) had the highest and 1 x19 (18.3 g)
hybrid had the lowest TKW values. Eight crosses from a total of 15 in Th. intermedium and similarly
four hybrids out of eight for Th. ponticum showed a positive BPH indicating a lower possibility to
obtain a hybrid vigor in TKW compared to PH in perennial wheat hybrids.

For GNS, similar to TKW there was no clear difference between the hybrids from different
sources (Figure 3c). The highest GNS values were observed from 12 x 5 (73.8) and 1 x 19 (89.5)
hybrids for Th. intermedium and Th. ponticum groups respectively. On the other hand 12 x 10 from
Th. intermedium and 3 x 20 from Th. ponticum groups showed the lowest GNS values of 19.9 and
22.2 respectively. Notably, most of the hybrids in both groups didn’t show a positive BPH for GNS
trait. For Th. intermedium x Th. intermedium hybrids, only three combinations out of 15 showed a
positive BPH. Similarly for the Th. ponticum group, five combinations out of eight showed positive
BPH values.

258



COMU Zir. Fak. Derg. (COMU J. Agric. Fac.) Research Article

21X22

@ 2 Hybrid | “1 b
* Line
CEd
120 Laxa0 £
E X18 i
o 20 g
= 20
= =30
< 1 3 [}
g 13 03X 13 g
=
= 100 2% ¥
5 2 2
& b
=
=]
F=
=

80

1X19

11X10
intermedium  intermedium X intermedium ponticum ponticum X ponticum intermedium  intermedium X intermedium ponticum ponticum X ponticum

Cc 19 d

80

©
=3

60

@
=

21x22

13 1

2
21.202 3X13

Grain Number/Spike
Plot Yield (g/0.5m2)

w
-1

22X19

A 3X20 .
20 axiz 12X%10 0 Ll

intermedium intermedium X intermedium ponticum ponticum X ponticum intermedium intermedium X intermedium ponticum ponticum X ponticum

Figure 3. The comparison of perennial wheat lines and their hybrids for the species of Th. intermedium and Th.
ponticum separately. Each dot represents an individual genotype with its label. Blue colour represents the lines
(parents) and red for the hybrids obtained from these lines. The stripes connecting two genotypes are in between
the hybrid and its superior parent representing the magnitude of the better parent heterosis.

Plot yield values of the F1 hybrids and their parents are shown in Figure 5d. Overall, the Th.
ponticum x Th. ponticum hybrids had a higher PY mean (58.5 g 0.5m) than the Th. intermedium x
Th. intermedium hybrids (42.2 g 0.5m?). The 12 x 5 (94.7 g 0.5m?) hybrid combination in Th.
intermedium group had the highest yield value as it was for GNS. On the other hand lowest plot yield
was observed for 10 x 4 cross (22.54 g 0.5m™). For Th. ponticum hybrids, the highest and lowest PY
values were obtained from the hybrids 3 x 13 ( 104.1 g 0.5m™) and 3 x 20 (31.3 g 0.5m) respectively.
Nine hybrids out of 15 in Th. intermedium group and three hybrids out of eight in Th. ponticum group
showed positive BPH values.

Discussion

This study investigated the agronomic performances of perennial wheat lines and their F;
hybrids derived from various derivatives of Thinopyrum spp., focusing on four key agronomical traits
as PH, TKW, GNS, and PY. The H? values exceed 0.50 for all traits. Previous research stated that
traits with high heritability are often more amenable to selection, particularly in the context of wheat
breeding (Gashaw et al., 2011). Furthermore, high H? values in this study highlight the predominance
of genetic variance over environmental influences, with PH showing the highest heritability at 0.93.
This aligns with findings in other crops, where high heritability is often associated with traits that are
primarily controlled by genetic factors (Khan, 2022; Wu et al., 2019). The relatively lower heritability
of PY (0.65) suggests that while genetic factors play a role, environmental interactions may also
significantly affect yield outcomes in perennial wheat genotypes, as noted in other study conducted by
Akbarpour et al. (2015) in bread wheat.

The significant variation in PH among the perennial wheat genotypes, especially with G23
sourced from Th. ponticum exhibiting the tallest PH which underscores the potential of utilizing
diverse genetic resources to enhance specific agronomic traits. This finding aligns with previous
research that emphasizes the importance of genetic diversity in breeding programs aimed at improving
crop characteristics (DeHaan et al., 2018). The commercial bread wheat checks had relatively lower
PH values than Thinopyrum spp. species. This result is parallel with the research conducted by
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Coleman et al. (2010) indicated that perennial grasses, including perennial wheat, can produce higher
dry matter yields than annual wheat in certain conditions.

In terms of yield-related traits, the commercial check cultivars, cv. BAS and cv. MAS,
performed consistently better than perennial wheat lines. In parallel to our results, Morgan et al.
(2023) found that the grain yield of perennial wheat lines ranged from 50% to 70% of the annual
control check. The superior performance of these checks highlights their established genetic
backgrounds. On the other hand, it was indicated that perennial wheat is still under development, and
there is ongoing research on its agronomic performance to reach the yield performance of commercial
wheat cultivars (Morgan et al., 2023). For TKW, The presence of G18 and G19 in the same statistical
group as the commercial checks indicates that these perennial wheat lines could be promising
candidates for breeding programs aimed at improving yield potential. The significant genotype-by-
environment (G x E) interactions observed GNS in perennial wheat lines highlight the complexity of
breeding for stability in this trait across varying growing conditions. This complexity can confound the
selection process, as the ranking of genotypes may change depending on the environmental conditions
experienced during growth (Khazratkulova et al., 2015).

The PY results further support the notion that Th. ponticum derivatives generally
outperformed those from Th. intermedium, especially in the first year. In parallel with our results,
Hayes et al. (2018) showed that genotypes derived from Th. ponticum often exhibit enhanced vigor
and biomass accumulation compared to those from other Thinopyrum species, such as Th.
intermedium in lower latitude sites. This separation in performance may be attributed to inherent
genetic differences between the species, as noted in other studies focusing on the agronomic
characteristics of perennial wheat (Liu et al., 2023; DeHaan et al., 2018).

Singh et al. (2021) emphasize that hybrid in bread wheat breeding programs can effectively
exploit hybrid vigor to develop high-yielding varieties. In the context of perennial wheat, the ability to
harness heterosis could lead to significant improvements in yield, which is essential for meeting global
food demands. The analysis of BPH among hybrids indicates a potential for hybrid vigor, particularly
in PH, although the results for TKW and GNS were less conclusive. The presence of positive BPH in a
majority of the F; hybrids suggests that there is room for improvement through hybridization, which
could lead to enhanced performance in subsequent generation. However, the lack of clear superiority
among hybrid groups for TKW and GNS indicates that further research is needed to optimize hybrid
combinations for these traits.

Conclusion

In conclusion, this study provides valuable insights into the agronomic performance of
perennial wheat lines and their F1 hybrids derived from Thinopyrum spp. The H? observed for traits
such as PH and TKW underscores the significant influence of genetic factors, suggesting that these
traits are suitable for selection in breeding programs. The variability in PH, particularly the notable
performance of G23 from Th. ponticum, demonstrates the potential for utilizing genetic diversity to
enhance specific traits. The high TKW and PY performance of certain perennial wheat genotypes,
such as G18 and G19, further indicates promising candidates for future breeding efforts focused on
yield improvement. The yield performance results showed the slight yield advantage of Th. ponticum
derivatives over Th. intermedium under Mediterranean climate conditions. Continued research
focusing on hybrid optimization, and stability across environments is essential to advance perennial
wheat breeding and meet the demands of sustainable agriculture.
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Oz

Calismamiz; yerli ham fosfat (HP) kaynaklarindan Mazidagi (Mardin-Tiirkiye) ham fosfatinin
¢oziiniirliigiine humik asit (HA) ve fosfor ¢oziicii bakteri (FB) uygulamalarinin (UYG) etkisini belirlemek igin
serada ve alkalin toprak sartlarinda yapilmistir. Calismada sakiz fasulyesi (Cyamopsis tetragonoloba L.)
bitkisinin ekildigi saksilara 20 kg da™* P (P20s) Mazidag1 ham fosfati, stvi humik asit (TKI-HUMAS; 5 L da*) ve
fosfor ¢6ziicli bakteri karigimi (S2-RC210; Bacillus megaterium, Paenibacillus polymyxa ve Pseudomonas
putida) preparatlari ayri ayri1 ve birlikte uygulanmistir. Ham fosfat ve diger uygulamalarin bitki gelisim
ozelliklerine (bitki boyu, gdvde capi, bitkide yan dal sayisi, bitkide bakla sayisi, baklada tane sayisi, bitki bagina
tane verimi, bitki gévde ve bitki kok kuru agirligi) etkisi belirlenmistir. Elde edilen sonuglara gore; ham fosfat ve
diger uygulamalarin birlikte etkisi (HP X UYG interaksiyonu) bakimindan; bitki ¢api, baklada tane sayisi, bitki
govde agirh@i ve bitki kok agirhigindaki degisimler 6nemsiz olmustur. Uygulamalarin tek baslarina etkisiyle
bitki boyu, bitkide yan dal sayisi, bitkide bakla sayisi, bitkide tane sayisi dnemli derecede degismistir. Bitki
capidaki degisimler ise sadece ham fosfat uygulanmis saksilarda 6nemsiz bulunmustur (p<0.05). Ttiim sonuglar
birlikte degerlendirildiginde, ham fosfat uygulanan saksilara eklenen fosfor bakterileri ve humik asit
uygulanmasiyla genel olarak bitki bliyiime 6zelliklerinin olumlu etkilendigi ve bu etkilerin farkli seviyelerde
oldugu gozlemlenmistir.
Anahtar Kelimeler: Ham fosfat, Sakiz fasulyesi, Fosfor ¢6zen bakteri, Humik asit, Verim.

Effects of Crude Phosphate, Humic Acid and Phosphorus Solubilizing Bacteria
Applications on Gum Bean Plant Growth Characteristics

Abstract

Our study was conducted in a greenhouse under alkaline soil conditions to investigate the impact of
humic acid (HA) and phosphorus-solubilizing bacteria (FSB) applications (APPL) on the solubility of Mazidag:
(Mardin, Turkey) crude phosphate, which is one of the local raw phosphate sources. In the study, 20 kg de™ P
(P20s) from Mazidag1 crude phosphate (CP), liquid humic acid (TKi-HUMAS; 5 L de?) and a mixture of
phosphorus-solubilizing bacteria preparations (S2-RC210; Bacillus megaterium, Paenibacillus polymyxa, and
Pseudomonas putida) were applied individually and in combination to the pots where the gum bean plant was
planted. The effects of crude phosphate and other applications on plant development characteristics, such as
plant height, stem diameter, number of side branches per plant, number of pods per plant, number of grains per
pod, grain yield per plant, and dry weight of plant stem and roots, were determined. According to the results
obtained, the combined effect of crude phosphate and other applications (CP X APPL interaction) did not
significantly affect changes in plant diameter, number of grains per pod, plant stem weight, and plant root
weight. With the effect of the applications alone, plant height, number of side branches per plant, number of
pods per plant, and number of grains per plant changed significantly. Changes in plant diameter showed
insignificant differences, except in pots treated with raw phosphate (p<0.05). When all the results were evaluated
together, it was observed that plant growth characteristics were generally positively affected by the application
of phosphorus bacteria and humic acid added to the pots where raw phosphate was applied, and these effects
were observed at different levels.
Keywords: Raw phosphate, Gum bean, Phosphorus-solubilizing bacteria, Humic acid, Yield.
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Giris

Glniimiizde diinya niifusunun %75’1 karasal ekosistemlerden iiretilen firiinlerle
beslenmektedir. Bu ekosistemin en dnemli bileseni ise topraktir. Tarim topraklari binlerce yilda olusup
olgunlagan smirl1 bir kaynaktir. Ancak artan niifusu besleyebilmek i¢in yapilan verim artirici (organik
ve inorganik giibreler), koruyucu (pestisitler) kimyasal girdiler ve ¢evreye verilen diger endiistriyel
atiklarla bu sinirli kaynak kirlenmekte, hizla yapisi bozulmakta ve iiretkenligi azalmaktadir (FAO,
2017; 2019). Tarimda siirdiiriilebilir toprak yonetimi ve verimlilik kapsaminda; bitki biiyiimesini
tesvik eden bakteri (BBTB) preparatlarina yonelik ¢aligmalar, nano kompozit giibre materyalleri,
organik giibreler, yavas salimimli/akilli giibreler, organo-mineral giibreler, mikrobiyal giibreler,
tarimda dijital uygulamalar ve hassas tarim teknikleri gibi konular Diinya’da oldugu gibi son yillarda
tilkemizde de artan ilgi uyandirmis, ancak caligmalar heniiz yeterli ¢oziimler iiretecek seviyelerde
bulunmamaktadir.

Stirdiiriilebilir toprak kalitesinin korunabilmesi i¢in organik maddelerin 6nemi uzun zamandir
bilinen bir gercektir. Ozellikle asir1 mineral giibrelemenin yapildig: tarlalarda toprak organik
maddesinin artirilmasi; hayvan giibreleri, kompost, vermikompost, yesil giibreleme, biyokomiir ve
organo-mineral giibreler gibi organik giibre/materyal uygulamalar1 ile gergeklestirilen ve toprak
kalitesinin iyilestirilmesi igin vazgecilmez olan uygulamalar olarak goriilebilir, ancak organik
maddelerin tarimda asir1 kullanimi bazi ¢evresel yiiklere de neden olabilmektedir (Asghar vd., 2022).

Toprak organik maddesinin yaklasik %5’i canli kisim kabul edilmekte bu canlilarin biiyiik
bo6limii mikroorganizmalardan olusmaktadir (Buscot ve Varma, 2005). Toprak organik maddesinin
canlilar digindaki en 6nemli bileseni ise “Humus” tur. Humus; ¢ok karbonlu, ancak belirli bir kimyasal
formiilii bulunmayan (Sutton ve Sposito, 2005), karmasik yapili, toprak organik maddesinin %65-
85’ini olusturan artik ayrisip pargalanamayacak kadar stabillesmis (Gerke, 2018) humik-fulvik asitler
ve diger hiilmin maddelerden olusan bir materyaldir (MacCarthy, 2001).

Toprak organik maddesinin canli Ve cansiz kisimlarinin tiimii topraklarda siirdiiriilebilir tarim
icin ¢ok onemli olup, o6zellikle toprak mikroorganizmalari besin maddesi dongiilerinde, toprak
verimliliginde ve triin kalitesinde hayati roller oynarlar (Wang vd., 2021). Bu nedenle topraktan izole
edilen mikroorganizmalardan mikrobiyal giibre &zellikleri gosteren izolatlarla caligmalar Onem
kazanmis; 6zellikle de topraga azot baglayan ve topraktaki yarayissiz fosforu ¢ozen bakterilerin 6nemi
giderek artmistir (Bala, 2022). Artik gilinlimiizde bitki patojenleri i¢in toksik olan biyopestisitler,
antibiyotikler ve hidrojen siyaniir gibi bazi metabolitlerin salgilanmasinda da mikroorganizmalar
kullanilmaya baslanmustir. Bu tiir arastirmalarla tarimsal verim ve siirdiirtilebilirlik i¢in mikrobiyal
kaynaklarin kullanilacagi ¢evre dostu tarim tekniklerinin gelistirilmesi miimkiin olacaktir. Kimyasal
giibreler ve pestisitlere iyi bir alternatif olarak; bitki biiylimesini tesvik eden, patojenlerin kontroliinii
saglayan ¢esitli mikrobiyal metabolitleri igeren modern teknikler, tarimi siirdiiriilebilir sekilde
gelistirebilecek en 6nemli kaynaklar haline gelmistir (Adeleke ve Babalola, 2021).

Fosfor ¢oziniirliigiine yonelik ¢aligmalarda 6zellikle alkali topraklar i¢in son zamanlarda
fosfor ¢oziicli bakteri uygulamalari, cesitli organik madde katkilart ve humik asit uygulamalarimin
denendigi caligmalarin artmasina ragmen, bu calismalarin farkli topraklar ve bakteriyel {irlinlerle
cogaltilmas1 &nerilmektedir. Ulkemiz agisindan humik asit ham maddesi olan ve olgunlasmamus
komiir olarak nitelenen “leonardit” kaynaklarinin bollugu dikkate alindiginda humik asit ile ilgili
caligmalarin artirilmasi gerekmektedir. Bu kapsamda BBTB ve humik asit uygulamalarinin biyolojik
acidan dogal aktif maddeleri kullanan etkili yontemler arasinda oldugu (Ekin, 2019), ancak bir¢ok
arastirmaciya gore humik asidin diisiik ve normal dozlarda kullaniminin bitki gelisimini olumlu
etkiledigini, ancak yliksek dozlarda uygulandiginda olumsuz ya da etkisiz kaldigini bildirmistir (Chen
vd., 1990; Cimrin vd., 2001; Padem ve Ocal, 1999). Humik asit kullanimmnin toprak organik
maddesine dolayl etkileri ve organik maddenin topraklarin fiziksel, kimyasal ve biyolojik &zellikleri
tizerinde olumlu etkileri oldugu (Usta vd., 1996), inkiibasyon sartlarinda yapilan bir ¢alismada ise
artan humik asit dozlarina ve zamana bagli olarak alinabilir mikro element miktarlarinda farkliliklar
oldugunu bildirilmistir (Tiirkmen ve Sungur, 2014).

BBTB’ler 6zellikle saglikli bitkilere uygulandiginda sistemik dayanikliligi harekete gecirerek
kimyasal uygulamalardan, 6zellikle de bakirli bilesik uygulamalarindan daha etkin sonuglar ortaya
cikarmaktadir (Kuc, 2001). Mikrobiyal biyogiibreler, siirdiiriilebilir tarimda ¢ok ©nemli bir rol
oynamaktadir. Mikrobiyal gilibrenin ana rolili, bitkinin besin elementlerini almasina yardimei olmak ve
strese kargt bitki toleransini artiran, ciftlik iriinlerinin kalitesini iyilestiren ve kimyasal giibre
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uygulamalarini azaltan gesitli fizyolojik aktif maddeler tiretmektedir (Jian vd., 2001). Bitki koklerinde
simbiyotik olarak yasayan bakterilerin, fosfati ¢ozerek cesitli sekillerde bitki biiylimesini tesvik
ettikleri, metabolik fonksiyonlar1 sayesinde ¢oziinmeyen fosforu ¢ozebildikleri ve bu bakterilerin
salgiladigi glukonik asit, sitrik asit gibi organik asitlerin H+ protonlar1 pompalamasi nedeniyle toprak
pH'st etkilenmekte ve topraktaki fosfor bitkilerin alabilecegi formlara doniistiiriilmektedir (Antoun,
2005; Seshadri vd., 2000).

Bu calismada; son zamanlarda tarimda kulanim alani ve gesitleri giderek artan fosfor ¢oziicii
bakteri giibresi olarak Bacillus megaterium, Paenibacillus polymyxa ve Pseudomonas putida izolatlar
karisimindan olusan 6zel bir mikrobiyal preparat “S2-RC210” kullanilmistir. Bu preparat, son 20 yilda
kullanimi orani artan humik asit (TKi-HUMAS) ile birlikte kullanilarak sera kosullarinda denenmistir.
Denemede tescillenme ¢alismalart devam eden “Genotip 23” kodlu sakiz fasulyesi ve fosfat
kayasindan zenginlestirilerek standardize edilmis ve “Mazidagi Metal Geri Kazanim ve Entegre Giibre
Tesisleri” tarafindan iiretilmis olan ham fosfat kullanilmistir. Bu materyallerin ayr1 ayr1 ve birlikte
etkilerinin incelendigi bu ¢aligmada uygulamalarin bitki gelisim 6gelerine etkileri arastirilmustir.

Materyal ve Yontem

Deneme materyalleri

Deneme topraklart COMU Ziraat Fakiiltesi Dardanos yerleskesi arazisinden alinarak golgede
kurutulmus, ufalanmis ve 2 mm’lik elekten gecirilerek temel verimlilik analizleri yapilmistir (Cizelge
1). Saksilarda yetistirilen sakiz fasulyesi (Cyamopsis tetragonoloba L.) bitkisinin (Genotip 23) temel
ihtiyac1 kadar (20 kg da™*) ham fosfat karistirilmis topraklara daha sonra, stvi humik asit (5 L da™* TKi-
HUMAS) ve fosfor ¢oziicii 6zel bir bakteri karigimi (S2-RC210; Bacillus megaterium, Paenibacillus
polymyxa ve Pseudomonas putida) birlikte ve ayr1 ayri uygulanmistir,

Calismanizda, COMU Ziraat Fakiiltesi Tarla Bitkileri Béliimii tarafindan yiiriitiilen 1170068
nolu TUBITAK Projesindeki incelenen farkli genotiplerdeki guar tohum materyalleri igerisinden
secilen 23 nolu (COMUZF 011 G T IND 18/4) sakiz fasulyesi genotipi (Genotip 23) segcilerek
kullanilmustr.

Cizelge 1. Deneme topragi temel dzellikleri®
Table 1. Basic properties of trial soil.

Ozellik Birimi Degeri Yéntemi

Organik %) 153 Yas yakma ile (Jackson, 1958; Schulte ve Hoskins,

Madde 0 : 1995)

pH _ 8.44 1:2.5 (Toprak:Su) karisiminda pH Metre ile (Richards,
1954)

EC %) 003 1:2.5 (Toprak:Su) karisiminda EC Metre ile (Richards,
1954)

CaCOs3 (%) 12.92 Kalsimetre yardimiyla (Allison ve Moodie, 1965).

. - Kum:%41.21, Kil:%34.47, .

Biinye CL (Killi Tin) Silt:%24.32 Hidrometre yardimiyla (Bouyoucos, 1951)

Toplam N (%) 0.08 Siilfirik asitle yas yakma (Bremner, 1965)

Alinabilir P (kg dah) 378 AB-DTPA Ekstraktinda ICP-OES cihaziyla (Soltanpour,
1991)

Alnabilir K (kg dah) 1295 ?QBQ-BTPA Ekstraktinda ICP-OES cihaziyla (Soltanpour,

Tarla (%) 29 Basingli membran aletinde 1/3 atmosfer basingta (Klute,

Kapasitesi 0 1986)

*: Analizler COMU Ziraat Fakiiltesi Toprak Bilimi ve Bitki Besleme laboratuvarlarinda yapilmistir.

Ham fosfat, fosfat kayasindan zenginlestirilerek standardize edilmis ve “Mazidagi Metal Geri
Kazanim ve Entegre Giibre Tesisleri” tarafindan iiretilmistir. Ham fosfatin temel 6zellikleri Cizelge
2’de verilmistir. Calismada, Tiirkiye Komiir Isletmeleri Kurumu tarafindan ticari olarak iiretilen TKI-
HUMAS markali humik asit kullamlmistir. Ticari TKI-HUMAS giibresinin etiketinde Bugdaygiller
i¢in dekara 2-6 litre 6nerilmektedir. Calismamizda firmanin uygulama onerisi araliginda olan 5 L da™
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dozu uygulanmistir. TKI-HUMAS leonardit kullamilarak iiretilen humik asit ve fulvik asit iceren dogal
organik bir toprak diizenleyicisi olan TKI-HUMAS’m garanti edilen igerik bilgisinde %35 oraninda
organik madde, %12 oraninda toplam humik asit + fulvik asit, %2 oraninda suda ¢o6ziiniir K.O
bulunmaktadir. TKI-HUMAS 1n pH degeri 11 ile 13 arasinda degismektedir.

Cizelge 2. Denemede kullanilan ham fosfatin 6zellikleri*
Table 2. Properties of the crude phosphate which used in the trial.

Element Orany/Miktar:
P,0s (%) 31.39
Na (%) 0.540
K (mg kg?) 470.0
CaO (%) 54.39
Mg (mg kg?) 1770
Fe (mg kg?) 2615
Zn (mg kg?) 440.0
Mn (mg kg?) 120.0
Cu (mg kg?) 68.00

*Mazidag1 Metal Geri Kazanim ve Entegre Giibre Tesisleri Laboratuvarinda analiz ettirilmistir.

Fosfor ¢ozen bakteri suslari, COMU Ziraat Fakiiltesi Tarla Bitkileri Boliimii 6gretim iiyesi
Prof. Dr. Ramazan CAKMAKCI koleksiyonundan temin edilmis yerli bakteri suslar1 karisimindan
elde edilmistir. Bu preparat “S2-RC210” kodu ile etiketlenmis ve fosfor ¢oziicii bakterilerden Bacillus
megaterium, Paenibacillus polymyxa ve Pseudomonas putida izolatlarindan olusmustur. Calismada
kullanilan bu dondurulmus (-80°C) bakteri izolatlar1 once nutrient agar (NA) besi ortami igeren
petrilere ekilerek 27 °C’de inkiibasyona birakilmis ve 24 saatlik taze kiiltiirleri elde edilmistir. Gelisen
bu taze kiiltiirlerden ayr1 ayri birer parga steril 6ze ile alinarak 250 ml’lik nutrient broth (NB) igeren
s1vi besi ortamina aktarilmis ve yatay calkalayicili inkiibatorde 150 rpm dk?* da 27 °C’de 24 saat
bekletilmistir. Bu sivi kiiltiirlerdeki mikroorganizma sayilarini belirlemek i¢in 6nceden hazirlanan
steril NA kat1 besi ortamina gerekli diliisyonlardan (107-10%) ekimler yapilarak kalan siva kiiltiirler
hemen +5°C’deki buzdolabina alinmistir. Ekimi yapilan kiiltiirlerin 48 saat 27 °C’de inkiibasyonu
sonrast koloni sayici cihaz yardimiyla koloni sayimlar1 yapilarak sivi kiiltiirlerin her bir ml’sindeki
canli bakteri sayilari kontrol edilmis ve canli bakteri sayilarinin elde edilen kiiltiirlerin her bir ml’sinde
en az 108 oldugu oldugu tespit edilmistir. Siv1 kiiltiirlerin yeterli sayida bakteri igerdiklerinden emin
olunduktan sonra buzdolabinda bekletilen sivi kiiltiirlerden esit sayilarda canli bakteri i¢erecek kadar
hacimler alinarak karistirilmig ve “S2-RC210” kodlu karigik kiiltiir elde edilmistir. Elde edilen bu siv1
kiiltiirden; hazir halde bekletilen ilgili saksilardaki topraklara golge sartlarda 2 L da? dozunda
homojen olarak verilmis ve saksilar hemen tarla kapasitesine kadar sulanmistir.

Denemenin kurulmast ve yiiriitiilmesi

Hava kuru topraklarin nem igerikleri ile tarla kapasitesiteleri belirlendikten sonra kuru toprak
agirhigi tizerinden saksilara doldurulmustur. Denemede sakiz fasulyesi ekilecek saksilara 12.5 kg kuru
toprak doldurulmus, bitki ekimi ve deneme desenine gore yapilmasi gereken ham fosfat miktar
kanigtirilarak (1 g saks1™ = 20 kg da™) saksilar hazir hale getirilmistir. Hazir haldeki saksilara sakiz
fasiilyesi tohumu 2021 yili haziran ay1 igerisinde her bir saksiya 3 adet tohum olmak iizere yiizeyden
asagtya yaklagik 2-4 cm derinlige elle yapilmistir.

Ekimle birlikte saksilara humik asit (0.25 ml saks1™ = 5 L da!) ve her ml’sinde en az 107-10%
adet canli mikroorganizma bulunduran fosfor bakterisi karigik kiiltiir (0.10 ml saksi* = 2 L da™)
uygulamalar1 yapilarak bu uygulamalarin lizerine topraklarin tarla kapasitesini gegmeyecek kadar
dinlendirilmis can suyu verilmistir. Dinlendirilmis can suyu ile birlikte verilen HA ve FB
uygulamalarinin topraga homojen dagilimi saglanmistir. Denemede ham fosfat uygulanan ve
uygulanmayan her bir grup i¢in doérder uygulama olmak iizere (Kontrol, FB, HA ve HA + FB) toplam
sekiz uygulama yapilmistir. Her bir uygulama bes tekerriirlii olacak sekilde konular saksilara tesadiif
parselleri deneme desenine gore dagitilmistir. Bu sekilde toplam: 8 konu x 5 tekerriir = 40 saksilik bir
deneme kurulmustur.

Saksilarda tohumlarin ¢imlenmesi tamamlandiktan 7 giin sonra bitkilerde seyreltme yapilmis
ve her saksida gelisimleri dengeli ve saglikli olan iki bitki birakilmistir. Tiim saksilar hava sicakligina
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gore belirli araliklarla tartilmis ve eksilen nem seviyeleri tarla kapasitesi diizeyine tutulacak sekilde
sulanmistir. Bitkilerin temel azot ihtiyacin1 karsilayabilmek igin tiim saksilara 80 ppm Amonyum
Nitrat (%33 N iceren) giibresi tek seferde uygulanmistir. Denemede ciceklenme 6ncesi kisa bir dénem
yaprak biti zararlis1 goriilmiis, bertarafi i¢in piyasa adi DECAN 2.5 EC olan ve formiilasyonu geregi
emiilsiye olabilen, konsantre ve aktif maddesi 25 g L™ Deltamethrin olan bu insektisit 50 ml da*
oraninda kullanilmustir.

Verilerin elde edilisi ve istatistik analizler

Ham fosfat (HP) uygulanmis ve uygulanmamis saksilara HA+FB, HA ve FB uygulamalar
yapildiktan sonra sakiz fasulyesi ekilmis, hasat olgunluguna kadar yetistirilmis ve hasat dncesi bitki
gelisim ozelliklerini gosteren veriler alinmistir. Her bir saksida hasat olgunluguna gelen sakiz
fasulyesi bitkilerinin asagida belirtilen biiyiime ve gelisme parametreleri Olgiilerek, sayilarak veya
tartilarak elde edilmistir.

Bitki boyu; bitkilerin kok bogazindan ana dal tepe biiyiime noktasina kadar olan kistm mm
taksimatli metre ile dl¢iilerek belirlenmistir.

Govde capi; bitkilerin govdesi kok bogazindan hasat dncesinde dijital kumpas yardimiyla mm
cinsinden Olciilerek belirlenmistir.

Bitkilerin yan dal sayilari, bakla sayilar1 ve baklalarindaki tane sayilari; saksilardaki bitkilerde
ayr1 ayri sayildiktan sonra bitkilerin ortalamalari alinarak verilmistir.

Bitki bagina tane verimi; her saksidaki bitkilerin hasadindan elde edilen toplam baklalardaki
taneler baklalarindan el ile ayrilarak harman edildikten sonra miktarlari hassas teraziyle tartilmigtir.

Bitki kok ve govde kuru agirliklar; bitkilerin hasat sonunda koklerinin ve gévdesinin yikanip
80 °C’de kurutulmasi sonucu hassas teraziyle tartilarak elde edilmistir.

Calisma sonucunda elde edilen veriler iizerinde bilgisayar tabanli istatistiksel paket programi
(JMP Ver.13) yardimiyla faktoriyel deneme desenine gore varyans analizi (VA) yapilmistir. Sonuglar
arasindaki Onemli farkliliklar (a=0.05) Student's-t testi ile karsilastirilarak degerlendirilmistir
(Diizgiines vd., 1987).

Bulgular ve Tartisma

Ham fosfat varliginda veya yoklugunda uygulamalarin etkisiyle bitki gelisim 6zelliklerindeki
onemli degisimlerle ilgili istatistiksel farklar Cizelge 3’te verilmistir.

Sakiz fasulyesinin incelenen bitki gelisim 6zelliklerinden bitki boyu, en yiiksek ham fosfat
varliginda 70.6 cm ile HA+FB uygulamasinda; en diisiik ise ham fosfat yoklugunda 57.3 cm ile
kontrol uygulamasindan elde edilmistir. Ham fosfat yoklugunda bitki boylar1 ¢oktan aza dogru
HA+FB uygulamasinda 65.2 cm, FB uygulamasinda 61.1 cm, HA uygulamasinda 57.6 cm seklinde
azalarak takip etmistir. Benzer sekilde ham fosfat varliginda bitki boylar1 ¢oktan aza dogru FB
uygulamasinda 69.8 cm, HA uygulamasinda 69.7 cm ve kontrol uygulamasinda 63.1 cm olacak
sekilde takip etmistir. Bitki boy uzunluklarinin genel olarak HP eklenen saksilarda daha yiiksek
oldugu goriilmiistir. HP uygulamasindan bagimsiz olarak diger uygulamalardaki bitki boylar1 da
kontrole gore daha fazla olmustur. Sakiz fasulyesi ile ilgili tarla sartlarinda ¢alisan Cebeci (2016),
farkli ekim sikliginin herba verimi ve bazi verim oOzelliklerine etkisini inceledikleri galigmada
uygulamalarin bitki boyunda farkli etkileri oldugunu ve bitki boylarinin 93.7 c¢cm ile 101.77 cm
arasinda degistigini bildirmislerdir. Denemelerinde sakiz fasulyesinin farkli bir genotipini (Genotip
12) COMU Ziraat Fakiiltesi Dardanos Arastirma ve Uygulama Ciftliginde tarla sartlarinda kullanan
Miiftiioglu vd. (2021) yaptiklar ¢alismalarinda; farkli dozlarda molibden uygulamasinin bitki boyunda
farklar olusturdugunu ve bitki boylarinin 66.7 cm ile 73.8 cm arasinda degistigini rapor etmislerdir.
Farkli genotipteki bitkiler ve tarla sartlarindaki denemeden elde edilen bu degerlerle saksi
denememizdeki bitki boylar1 uyumlu goriilmektedir (Cizelge 3).

Ham fosfat ve diger uygulamalar arasindaki interaksiyonun (HP x UYG) govde ¢api iizerine
etkileri istatistiksel olarak 6nemli bulunmamistir. Cizelge 3 incelendiginde sakiz fasulyesinin en biiyiik
govde capi, ham fosfat varliginda 6.19 mm ile HA+FB uygulamasinda; en diisiik gévde cap1 ise yine
ham fosfat varliginda 5.46 mm ile HA uygulamasi ile elde edilmistir. Ancak bitki capinda olusan bu
farklar istatistiksel olarak dnemli olmamustir. Sakiz fasulyesi bitkisi verim ve kalitesine farkl1 dozlarda
molibden uygulamalarinin etkisini arastiran Miiftiioglu vd. (2021), calismalarinda uygulama dozunun
bitki ¢apinda farklar olusturdugunu ve govde capmimn 8.0 mm ile 9.4 mm arasinda degistigini
bildirmislerdir. Caligmamizda elde edilen bitki ¢cap1 degerleriyle bildirilen degerler arasinda farkliliklar
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vardir. Bu farkliliklarm bitkinin yetistirme ortamlarina (sera/saksi/tarla), genotiplerine veya yapilan
uygulamalara gore degisebilecegi diisiiniilmektedir.

Cizelge 3. Ham fosfat, Humik asit ve Fosfor ¢oziicli bakteri karigimi uygulamalarin bitki gelisim 6zelliklerine
etkileri

Table 3. Effects of raw phosphate, humic acid and phosphorus solubilizing bacteria mixture applications on plant
growth characteristics

Ham Fosfat Uygulamalar
Uygulamalari Kontrol HA+FB FB HA Ortalama
Bitki Boyu (cm)
Ham Fosfat (-) 57.30+0.27 f* 65.20+0.27c¢  61.10+0.22e  57.60+0.22f 60.30+3.29B
Ham Fosfat (+) 63.10+0.22d 70.60+0.42a 69.80+0.57b 69.70+£0.27b  68.30+3.12 A
Ortalama 60.20+3.07D 67.90+2.87 A 65.45+460B 63.65+6.38 C
Govde Cap1 (mm)

Ham Fosfat (-) 5.81+0.316d  5.6300.556d 5.76+0.236d  5.66+0.736d  5.71+0.46 OD
Ham Fosfat (+) 5.74+0.09 6d  6.20£0.326d  6.12+0.456d 5.46+0.32 6d  5.88+0.43 OD
Ortalama 5.77£0.22 OD 5.91+0.52 OD 5.94+0.39 OD 5.56+0.54 OD

Bitki Yan Dal Sayisi (adet)
Ham Fosfat (-) 3.40+0.10c  3.42+0.13bc  3.30+0.27cd  3.06+0.13d 3.30+0.22 B
Ham Fosfat (+) 3.70+£0.27 b 4.7240.27a  3.57+0.25bc  4.70+0.27 a 4.17+0.61 A
Ortalama 3.55+0.25B  4.07+0.71 A  3.43+0.29B 3.88+0.89 A

Bitkide Bakla Say:si (adet)
Ham Fosfat (-) 67.2+0.27 c 63.1+0.22 d 58.3+0.25 e 62.7+0.57 d 62.8+3.26 B
Ham Fosfat (+) 74.5+0.50 a 74.8+0.45 a 74.6+0.14 a 72.4+0.22 b 74.1+1.05 A
Ortalama 70.9+3.87 A 69.0+6.18 B  66.4+8.61D  67.6+5.13C

Bitkide Tane Sayist (adet)
Ham Fosfat (-) 307+0.650 e 328+0.50 b 283+0.45¢g 264+0.57 h 296+24.7 B
Ham Fosfat (+) 315+0.760 d 338+0.35a 319+0.45¢ 291+0.001 f 316+17.0 A
Ortalama 311+3.960 B 333+£5.02 A 301+18.7 C 278+£14.10 D

Bitkide Tane Agwhg (g/bitki)
Ham Fosfat (-) 8.69+0.24 6d  8.82+0.07 6d  8.41+0.396d 8.03+0.456d 8.49+0.43 B
Ham Fosfat (+) 9.30+0.60 6d  9.54+0.296d 9.35+0.236d  9.12+0.206d  9.33+0.37 A
Ortalama 8.99+0.54 A 9.18+043 A 8.88+0.58 AB  8.58+0.66 B
Bitki Ust Aksam Kuru Agirlig1 (g)

Ham Fosfat (-) 23.56+0.44 6d 26.44+0.37 6d 24.57+0.44 6d 24.05+0.49 6d 24.65+7.19 B
Ham Fosfat (+) 25.95+0.51 6d 28.00+0.11 6d 26.85+0.54 6d 26.53+0.34 6d 26.83+0.85 A
Ortalama 2476+£1.34 D 27.2240.86 A 25.71+1.29B 25.29+1.37C

Bitki Kok Kuru Agirligi (g)
Ham Fosfat (-) 1.7140.176d  1.76+0.28 6d  1.60+0.31 6d  1.50+0.32 6d  1.64+0.28 B
Ham Fosfat (+) 156+0.30 6d 1.94+0.036d 1.88+0.146d 1.81+0.106d 1.80+0.21 A
Ortalama 1.6440.24 OD 1.85+0.21 OD 1.7440.27 OD 1.66+0.27 OD

*: Ayni siitun ve satirlardaki farkli harfle gosterilen ortalamalar arasindaki farklar, istatistiksel olarak onemlidir (p<0.05).
Kiiciik harfler uygulamalar arasindaki degisimleri, biiyiik harfler ise ortalamalar arasindaki degisimleri gdsterir. OD, &d;
Onemli degil. .

Sakiz fasulyesi yan dal sayist en yiksek ham fosfat varliginda 4.72 adet ile HA+FB
uygulamasinda en diisiik ham fosfat yoklugunda 3.06 adet ile HA uygulamasi grubunda elde
edilmistir. Ham fosfat yoklugunda bitki yan dal sayist1 coktan aza dogru sirasiyla HA+FB
uygulamasinda 3.42 adet, Kontrol uygulamasinda 3.40 adet, FB uygulamasinda 3.30 adet seklinde
azalarak takip etmistir. Benzer sekilde Ham Fosfat varliginda bitki yan dal sayisi ¢oktan aza dogru
sirasiyla en fazla HA uygulamasinda 4.70 adet, kontrol uygulamasinda 3.70 ve FB uygulamasinda 3.5
adet olacak sekilde takip etmistir. Bitki yan dal sayisinin genel ortalamalara gore yiiksek olan degerleri
ham fosfat eklenen uygulamalardan elde edilmistir. Diger uygulamalardan HA+ FB ve HA
uygulamalar1 aym grupta, kontrol ve FB uygulamalar1 da aym1 grupta ve daha diisiik seviyede yer
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almistir. Cebeci (2016), ¢aligmalarinda sakiz fasulyesinin farkli sira arasi ile ekiminin baz1 tarimsal
karakterler tizerindeki etkileri belirledikleri ¢alismalarinda bitki yan dal sayisinin 4.53 adet ile 8.73
adet arasinda oldugunu bildirmislerdir. Sanliurfa ekolojik kosullarinda farkli ekim sikliklarinin sakiz
fasulyesinin tarimsal karakterlere etkilerini aragtiran Okant ve Karagozlii (2019), ¢alismalarinda sakiz
fasulyesi bitki yan dal sayisin1 6.20 adet ile 8.60 adet arasinda elde etmislerdir. Abo El-Ezz (2019),
yaptig1 caligmada guar bitkisinde (Cyamopsis tetragonoloba L., Taub.) bazi elementlerin NPK
giibrelemesinden ve kasaba ¢Opii kompostu uygulamasindan nasil etkilendigini arastirmis ve
arastirmasinda bitki yan dal sayisimin 5.33 adet ile 11.33 adet arasinda degistigini bildirmistir. Sakiz
fasulyesi bitkilerinin yan dal sayilar1 basta genotipleri olmak iizere farkli topraklar, iklimler ve
uygulamalardan kaynaklanabilir.

Sakiz fasulyesi bitkide bakla sayisi en yiiksek ham fosfat varliginda 74.80 adet ile HA+FB
uygulamasinda en diisilk ham fosfat yoklugunda 58.27 adet ile FB uygulamasi grubunda elde
edilmistir. HP yoklugunda bitkide bakla sayisi ¢oktan aza dogru sirasiyla kontrol uygulamasinda 67.2
adet, HA + FB uygulamasinda 63.10 adet, HA uygulamasinda 63.10 adet seklinde azalarak takip
etmistir. Benzer sekilde ham fosfat varliginda bitkide bakla sayis1 ¢oktan aza dogru sirasiyla en fazla
FB uygulamasinda 74.6 adet, kontrol uygulamasinda 74.50 ve HA uygulamasinda 72.4 adet olacak
sekilde takip etmistir. Bitkide bakla sayisi1 yiliksek olan degerler genel ortalama bakimindan ham fosfat
eklenen uygulamalardan elde edilmistir. Ancak uygulamalar ayri ayri ele alindiginda bitkide bakla
sayisinin kontrol grubunda daha yiiksek olmus, bu durum bitkide dane agirligina da yansimigtir
(Cizelge 3). Miiftiioglu vd. (2021), sakiz fasulyesine Mo uygulamasi yaptiklart ¢alismalarinda
uygulama dozunun bitki bakla sayisinda farklar olusturdugunu ve bitki bakla sayisinin 43.6 adet ile
66.2 adet arasinda degistigini bildirmislerdir. Filiz (2020), farkli bitki biiylimesini tesvik edici
bakteriler ve fosforlu giibre uygulamalarimin fasulyenin (Phaseolus vulgaris L.) verim ve verim
ogeleri tizerine etkilerini inceledigi yiiksek lisans tezinde bitkide bakla sayisinin 16.50-36.82 adet
arasinda degistigini bildirmistir. Naseri vd. (2013), farkli bakteri uygulamalarinin bitkide bakla
sayisini artirdigini bildirirken; Fayetorbay vd. (2014), yaptiklar1 ¢aligmada bitkide bakla sayisinin
bakteri uygulamasiyla 6nemli diizeyde etkilenmedigini bildirmislerdir. Calismamizda elde edilen sakiz
fasulyesi genotipi iizerinde baska ¢alismaya rastlanmamis olsa da genel anlamda elde edilen veriler,
benzer bitkilerle ilgili 6nceki ¢aligmalara uyumlu elde edilmistir. Sakiz fasulyesi genotip farklar1 ve
yetistirme sartlarindaki farkliliklar bitkide bakla sayis1 degerlerindeki degisimlerin temel nedeni olarak
goriilebilir.

Secilen sakiz fasulyesi genotipinde en yiiksek tane sayisi ham fosfat varliginda 337.5 adet ile
HA+FB uygulamasinda en diisiik tane sayisi ise ham fosfat yoklugunda 264.3 adet ile HA
uygulamasindan elde edilmistir. Ham fosfat yoklugunda bitki tane sayisi ¢oktan aza dogru sirasiyla
HA+FB uygulamasinda 328 adet, kontrol uygulamasinda 307.4 adet, FB uygulamasinda 283.3 adet
seklinde azalarak takip etmistir. Benzer sekilde Ham fosfat varliginda bitki tane sayisi ¢oktan aza
dogru sirasiyla en fazla FB uygulamasinda 318.8 adet, kontrol uygulamasinda 314.8 ve HA
uygulamasinda ise 291.0 adet ile takip etmistir. Bitki tane sayis1 ortalamalarina gore, yiiksek tane
sayilar1 ham fosfat esliginde yapilan uygulamalardan elde edilmistir (gizelge 3). Bitkide tane sayisi
bakimindan c¢alismamizla iligkili ve tartisabilecegimiz HP ve diger uygulamalar ve bunlarin
interaksiyon durumunun (HP x UYG) incelendigi baska bir ¢aligmaya rastlanmamustir.

Sakiz fasulyesi bitki tist aksam agirlig1 en yiiksek ham fosfat varliginda 27.99 g ile HA+FB
uygulamasinda en diisik ham fosfat yoklugunda 23.56 g ile kontrol uygulamasi grubunda elde
edilmistir. HP yoklugunda bitki {ist aksam agirligi coktan aza dogru sirastyla HA+FB uygulamasinda
26.43 g, FB uygulamasinda 24.56 g, HA uygulamasinda ise 24.04 g seklinde azalarak takip etmistir.
Benzer sekilde Ham fosfat varliginda bitki {ist aksam agirligi ¢oktan aza dogru sirasiyla en fazla FB
uygulamasinda 26.84 g, HA uygulamasinda 26.52 g ve kontrol uygulamasinda ise 25.95 g seklinde
takip etmistir. Genel ortalamalara gére HP uygulanan saksilarda iist aksam agirliklar yiiksek olmustur.
Uygulama ortalamalarma gore ise HA+ FB uygulamasinda en yiiksek degerler alinirken kontrol
grubunda en az iist aksam agirliklari elde edilmistir (¢izelge 3). Abo El-Ezz (2019), yaptig1 calismada
guar bitkisinde {ist aksam agirligim 14.39 g ile 20.72 g arasinda degistigini bildirmis olup, bu degerler
caligmamizda elde edilen bitki iist asksam kuru agirliklarindan diisiik olmustur. Genel anlamda diger
bitkilerde saks1 denemelerinden elde edilen {ist aksam agirliklarinin tarla denemelerine gore yiiksek
seyrettigi bilinen bir durumdur. Caligmamizda kullanilan genotipin iist aksam agirliklart ile ilgili baska
bir calismaya rastlanmamustir, ancak diger bitkilerle ilgili genel goriise uyumlu oldugu belirtilebilir.
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Sakiz fasulyesi bitki kok kuru agirligi en yiiksek ham fosfat varliginda 1.93 g ile HA+FB
uygulamasinda en diisiik ham fosfat yoklugunda 1.50 g ile HA uygulamasi grubunda elde edilmistir.
Ham Fosfat yoklugunda bitki kok kuru agirligi ¢oktan aza dogru sirasiyla HA+FB uygulamasinda 1.75
g, kontrol uygulamasinda 1.71 g, FB uygulamasinda 1.60 g seklinde azalarak takip etmistir. Ham
fosfat varliginda ise bitki kok kuru agirhigi coktan aza dogru sirasiyla en fazla FB uygulamasinda 1.87
g, HA uygulamasinda 1.80 ve kontrol uygulamasinda ise 1.56 g ile takip etmistir. Genel ortalamalara
gore HP uygulamasi kok kuru agirligini 6nemli derecede artirirken, diger uygulamalar arasinda 6nemli
farklar olmadig1 goriilmistiir (gizelge 3). Abo El-Ezz (2019), yaptig1 caligmada guar bitkisinde bitki
kok agirligini 4.38 g ile 7.06 g arasinda degistigini bildirmesine ragmen ¢alismamizda elde edilen bitki
kok kuru agirhigr ile karsilastirildiginda farkliliklar goriilmiistiir. Hussein ve Alva (2014), bitkilerin
yeterli diizeyde fosfor almasi durumunda hastaliklara dayanimi, kok gelisimi, tohum iiretimi, tohum
kalitesi ve sap uzunlugu arttigini bildirmislerdir. Bitki kok agirliginda olusan farkliliklarin; yetistirme
ortamlarina, bitki genotiplerine ve yapilan uygulamalara gére degisebilecegi disiiniilmektedir.

Sonuc ve Oneriler

Bu calismada yerli ham fosfat kaynaklarimizdan Mazidag1 (Mardin-Tiirkiye) ham fosfatinin
islenmis ve homojenize edilmis temsili bir 6rnegi, alkalin pH’l1 bir topraga karistirildiktan sonra sera
sartlarindaki saksilarda sakiz fasulyesi yetistirilerek test edilmistir. Ham fosfat uygulanmis topraklara
ek olarak humik asit ve fosfor ¢dzen bakteri uygulamalarinin ayri ayri ve birlikte uygulanmalari
durumunda yetistirilen sakiz fasulyesinde bitkisi gelisim 6zelliklerindeki degisimler belirlenmistir.

Uygulamalarin birlikte etkisi ile (HP x UYG interaksiyonu) bitki ¢api, bitkideki tane agirhigs,
bitki iist aksam agirligi ve bitki kok agirhigindaki degisimler istatistiksel olarak 6nemsiz olmustur.
Uygulamalarin birlikte etkisiyle bitki boyu, bitkide yan dal sayisi, bitkide bakla sayisi, bitkide tane
say1st gibi bitki gelisim 6zellikleri 6nemli derecede degismistir. Uygulamalardan elde edilen verilere
gore ham fosfat uygulanmasiyla bitki ¢ap1 digindaki tiim bitki gelisim 6zelliklerini (Bitki boyu, bitkide
tane sayisi, bitkide tane agirligi, tist aksam kuru agirligi, bitkide yan dal sayisi, bitkide bakla sayisi)
onemli derecede ve olumlu yonde degistirmistir. Genel ortalamalar bazinda tiim sonuglar birlikte
degerlendirildiginde, ham fosfat uygulanmis saksilara ilave edilen fosfor bakterileri ve humik asitin
bitki gelisim 6zelliklerine genel olarak olumlu etkileri oldugu sdylenebilir.

Fosfor ¢oziicli olarak ¢alismamizda da kullanilan ve olumlu sonuglar veren bitki gelisimini
tesvik edici bakteri preparatlarinin yayginlastirilmasi icin, sakiz fasulyesinin farkli varyetelerinde ve
farkli bitki tiirlerinde denenmeleri Onerilebilir. Farkli ve yerli bakteri suslarmin farkli bitkilerde
kullanilarak arastirilmalart tesvik edilmelidir. Bu ¢alismada kullanilan humik asit ve mikrobiyal
giibrelerin  topraklara ayn1 anda birlikte uygulanmalar1 durumundaki toprak verimliligi ve
biyokimyasal o0zelliklerindeki olumlu/olumsuz degisimlerin; farkli bitkiler, topraklar ve
mikroorganizma sartlarinda denenerek derinlestirilmesi gerekmektedir. Son yillarda mikrobiyal
giibrelerin  kullanim1  giderek artmakta ve farkli organik maddelerin mikrobiyal giibrelerin
yarayisligina olumlu/olumsuz etkilerine dair c¢aligmalara sik rastlanmaktadir. Ancak bu tiir
caligmalarda; bitki ekilen ve ekilmeyen topraklar, sera ve tarla sartlari, onlarca organik madde ve
binlerce mikroorganizma cesitliligi dikkate alindiginda ¢ok daha fazla bilimsel arastirmaya ihtiyag
bulunmaktadir.

Son olarak Diinya besin ihtiyacinin halen biilyiik oranda iiretilen mineral giibrelere bagiml
oldugu gercegini dikkate aldigimizda, gesitli organik ve mikrobiyal giibrelerin/preparatlarin ticari
giibrelerle veya kendi baglarina kullanimlarinin etkileri trtin verimi, ¢evre ve ekolojik agilardan
sorgulanmalidir. Tarimsal iiretimde iiriin verimi ve kalitesinin siirdiiriilebilir olarak artirilabilmesi igin;
yetistirme ortamlarina uygulanacak farkli mikroorganizmalarin besin maddelerinin yarayisliligini
artirmasi ile miimkiin olabilecegi g6z ardi1 edilmemelidir. Benzer ¢alismalarin sera ve tarla sartlarinda
yayginlastirtlmasi ve bu tilir arastirmalarin yapilabilecegi kurum, kurulus ve isletmelerin mikrobiyal
giibrelerle ilgili caligma altyapilarin giiglendirilmesi gerekmektedir.
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Bu calisma, Canakkale Onsekiz Mart Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi tarafindan
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Abstract

This study focused on the determinants of welfare status and net farm income among smallholder
sorghum farmers in North West, Nigeria. A multi-stage sampling method was employed to select 140
smallholder sorghum farmers. Primary data were used. The data were analyzed using descriptive and inferential
statistics. The results show that the mean age of smallholder sorghum farmers was 47 years. The smallholder
sorghum farmers were literate with approximate of 11 years of school education. Approximate 75% of
smallholder sorghum farmers were members of cooperative organizations. Averagely, the farm size was
estimated at 1.5 hectares, this means they are small-scale farmers. The gross margin and net farm income were
calculated at 557 175.35 and 518022.45 Naira per hectare, respectively. This shows that sorghum production is
profitable. The total income and expenditure were estimated at 12192714.72 and 476439.76 Naira, respectively.
The sorghum farmer household income exchange was calculated at 2.56. Approximate 97 which amounted to
69.29% of smallholder farmers had increased in welfare status from sorghum farming. The age of farmers, level
of education, household size, farm experience, farm size, and amount of credit accessed were significantly
different from zero in influencing the welfare status of smallholder sorghum farmers. The farm size and labour
were significantly different from zero in influencing the net farm income of smallholder sorghum farmers. The
study recommends mechanized farming utilizing improved seeds and new farm technologies to increase
productivity, income and welfare status.
Keywords: Welfare Status, Net Farm Income, Tobit Regression Model, Sorghum Farmers, North West, Nigeria.

Kuzey Bati, Nijerya'daki Kiiciik Toprak Sahibi Sorgum Ciftcileri Arasinda Refah
Durumunun ve Net Ciftlik Gelirinin Belirleyicileri

Oz

Bu ¢aligma, Kuzey Bati Nijerya’daki kiigiik sorgum ciftgileri arasindaki refah durumuna ve net ¢iftlik
geliri belirleyicilerine odaklanmigtir. Cok asamali bir ornekleme yontemi kullanilarak 140 kii¢iik 6lgekli sorgum
¢iftgisi ile anket yapilmigtir. Veriler tamimlayici ve ¢ikarimsal istatistikler kullanilar analiz edilmistir. Sonuglar,
kiigiik 6lgekli sorgum ¢ift¢ilerinin yas ortalamasinin 47 oldugunu gostermektedir. Sorgum c¢ift¢ileri oku-yazar
olup yaklasik 11 yil okul egitimi almuslardir. Kiiciik sorgum ¢iftgilerinin yaklagik %75°1 kooperatif
kuruluglarinin {iyesidir. Ortalama olarak ¢iftlik biiylikliigiiniin 1,5 hektar oldugu tahmin edilmistir, bu durum da
isletme 6lgeginin kiiciik oldugunu gostermektedir. Briit kar marj1 ve net ¢iftlik geliri hektar basina sirasiyla
557175,35 ve 518022,45 Naira olarak hesaplanmistir. Bu da sorgum iiretiminin karli oldugunu gostermektedir.
Toplam gelir ve giderin sirastyla 12192714,72 ve 476439,76 Naira oldugu tahmin edilmistir. Sorgum ¢iftgisinin
hane geliri degisimi 2,56 olarak hesaplanmistir. Kiiciik ¢iftgilerin %69,29'unu olusturan yaklagik 97 kisinin
sorgum {iretimi sayesinde refah durumu arttign gérilmistiir. Ciftcilerin yagi, egitim diizeyi, hane biiytikligi,
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ciftlik deneyimi, ¢iftlik biiytikliigii ve erisilen kredi miktari, kii¢iik 6lgekli sorgum giftcilerinin refah durumunu
etkileme agisindan sifirdan 6nemli 6lgiide farkli bulunmustur. Ciftlik biiyiikligii ve isgiicii, kiigiik 6lgekli sorgum
gift¢ilerinin net ¢iftlik gelirini etkileme agisindan sifirdan Snemli 6l¢iide farkli bulunmustur. Calisma,
tretkenligi, geliri ve refah durumunu artirmak igin gelismis tohumlardan ve yeni tarim teknolojilerinden
yararlanan tarimsal mekanizasyonu 6nermektedir.

Anahtar Kelimeler: Refah Durumu, Net Ciftlik Geliri, Tobit Regresyon Modeli, Sorgum Cift¢ileri, Kuzey Bati,
Nijerya

Introduction

Sorghum (Sorghum bicolor) ranked fifth as the world major cereal crops after maize wheat,
rice, and barley (Naik et al., 2016). Nigeria is the leading producer of sorghum in Africa with 34%
followed by Sudan with 21% (Mitaru et al., 2012). Averagely, sorghum constitutes 20% of total
cereals produced in Africa (Dube et al., 2014). According to FAO (2024), the output of sorghum in
2021 and 2022 approximates 6.7 million tons and 6.8 million tons, respectively (Figure 1). Similarly,
the world output of sorghum in 2021 and 2022 approximates 62.1 million tons and 57.5 million tons,
respectively (Figure 2). Also, in Nigeria the sorghum area in 2021 and 2022 approximates 5.9 million
hectares and 5.7 million hectares, respectively (Figure 2). Similarly, the world area of sorghum in
2021 and 2022 approximates 41. 6 million hectares and 40.7 million hectares, respectively (FAO,
2024) (Figure 2). Nigeria is the largest producer of sorghum in West Africa accounting for
approximately 71 percent of the total regional sorghum output and ranks the second largest producer
of sorghum in the world (Tugga et al.,2023). Globally, sorghum serves as staple food for more than
500 million people living in semi-arid, arid lands of Asia and Africa (Teferi,2013). Sorghum is very
important industrial crop for brewing alcoholic and non-acoholic drinks, it is also used in baking and
confectionary industry. The leaves and grain of sorghum are used for feeding livestock and the stalks
are used for thatching houses and making fences (Onuk et al., 2020). Sorghum plays an important role
in providing food security in the face of climate change (Mundia et al., 2019). Despite the potentials of
sorghum in driving sub-Saharan Africa towards sustainable increase its food reserve, sorghum is
under-utilized and the production is still low (Grovermann et al., 2018). Sorghum is one of the drought
tolerant cereal crops presently under cultivation and it offers the smallholder farmers the ability to
reduce costs on other farm expenses and irrigation (Aduba et al., 2013). It is a crop grown by resource
poor farmers in predominantly low rainfall and the crop Is typically produced under harsh conditions
such as marginal land and low input use (Alemu and Haji, 2016). The research gap is that sorghum
productivity is low, the largest percentage of farming population are small-scale subsistence producers
with minimal access to production inputs such as pesticides, fertilizers, improved seeds and inadequate
technical know-how (Tugga et al., 2023). According to Baiyegunhi and Fraser (2009), who reported
that the Nigerian small-scale producers are characterized with the use of unimproved inputs and
traditional production tools that are capable of generating only low level of income. The low income
of producers leads to low level of savings and investment, the welfare status and living conditions of
farmers is generally low which leads to low productivity and low income. The economic potentials of
sorghum have not been fully harnessed in Nigeria and sub-Saharan Africa countries due to a number
of production and productivity constraints (Yahaya et al., 2022). According to Ndjeunga et al. (2015)
who reported that only 20% of total sorghum production area is planted with improved cultivars in
Nigeria. Also, Mundia et al. (2019) documented that the small-scale producers in Africa, Nigeria
inclusive use landraces because of poor access to seed of improved cultivars, production technologies
and a lack of financial support (Ajeigbe et al., 2018). This study differs from the current and previous
study conducted by Tugga et al. (2023) on profitability analysis of sorghum small-scale farmers in
selected local governement areas of Gombe State, Nigeria, the gross margin of 187758 Naira was
realized per hectare of sorgum farming, the constraints encountered were cost of fertilizer, inadequate
capital, cost of labour, inadequate improved seeds, pest and diseases, weed infestation, and inadequate
extension workers. The current research study conducted by Yahaya et al. (2022) on sorghum
production in Nigeria, opportunities, constraints, and recommendations reported that the farmer
percieved constraints to sorghum production across the study zones of Northern Nigeria include, lack
of access to production inputs, drought stress, striga infestation, bird damage, lack of access to credit,
stem borer pest, and limited agricultural lands. This research study fills the gap that none of the
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previous literatures examined determinants of welfare status and net farm income among smallholder
sorghum farmers in North West, Nigeria.
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Figure 1. Sorghum Output in Nigeria and the World
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Figure 2: Sorghum Area in Nigeria and the World

Objectives of the Study

The main aim of the study is to evaluate factors influencing the welfare and net farm income
among smallholder sorghum farmers in North West, Nigeria. The specific objectives include:

(i) determine the summary information of smallholder sorghum farmers,

(ii)estimate the welfare status and net farm income of sorghum farmers,

(iii)evaluate the predictors influencing welfare status of sorghum farmers, and

(iv)evaluate the predictors influencing net farm income of sorghum farmers.

Materials and Methods

This study was carried out in Kano and Kaduna States, Nigeria. Sorghum (Sorghum bicolor) is
widely cultivated in the three agro-ecological zones (Guinea Savanna, Sudan Savanna, and Sahel
Savanna) and approximately in the North-Western, North- Central and North East geopolitical zones
of Nigeria.For the purpose of this research study, our focus or target location is North West, with an
area of 317.5 thousand hectares and production average of 604675 metric tonnes (FMARD, 2018).The
North-West is a geopolitical zone that contributes approximately 48% of the Nigeria sorghum
production, Kaduna and Kano states are predominantly known for sorghum farming in the North West
region (FMARD, 2018). This work utilized the use of a multi-stage sampling method. The multi-stage
sampling design was used for a variety of reasons, time efficiency, cost reduction, flexibility, and
increase reliability. The multi-stage sampling design is used when you have a large, geographically
spread samples and you can obtain a probability sample without a complete list of sample respondents,
and obtain a more reliable estimate of population parameters like the mean or proportion, you draw a
sample from a population using smaller and smaller groups (units) at each stage. In the first stage, two
states were purposively selected. In the second stage, two local government areas in each state were
randonmly selected. In the third stage, two villages in each local governement area were randonmly
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selected. The sample frame of sorghum producers approximately 215 respondents. In the fourth and
final stage, the total sample number of sorghum producers was proportionately and randomly selected
which approximately 140 respondents comprising of 70 smallholder sorghum producers each from
Kano and Kaduna States, respectively. Primary sources of data were used based on a well-structured
questionnaire that was made susceptible to reliability and validity test. This sample number was
calculated following the estimated formula of Yamane (1967) as follows:

N

215 _
n=1TE) 1+215(0.05)2 140 1)

Where,
n = The Sample Number
N = The Total Number of Smallholder Sorghum Producers (Number for the 2 States)
e =5%
The data obtained were analyzed using both inferential and descriptive statistics:
Farm Household Income Exchange
The welfare of smallholder sorghum farmers was estimated following Kuswanto (2019). The

income of sorghum farmers comes from sorghum farming and other farming and non-farming
agricultural businesses. Mathematically the formula stated is as:
Y = st + Yof + Ynfa (2)
Where,
Y= Farmers Income (Naira),
Ys= Income Sorghum Farming Businesses (Naira),
Y, = Income from Other Farming Businesses (Naira), and
Ynrq= Income from Non-Farming Agricultural Businesses (Naira).

The expenditure of the smallholder sorghum farmers can be classified into agricultural
expenditure, non-agricultural expenditure and expenditure for consumption in the household.
E = ESf + Eof + Enfa (3)
Where,
E= Farmers Expenditure (Naira),
E¢ = Expenditure Sorghum Farming Businesses (Naira),
E, = Expenditure from Other Farming Businesses (Naira), and
En o= Expenditure from Non-Farming Agricultural Businesses (Naira).

By comparing the total income received by the smallholder sorghum farmers with the total
household expenditure, FHIE was generated as a measure of the level of welfare of sorghum farmers
as:

Y
FHIE = P; =% (4)

Where,
FHIE = Farmer Household Income Exchange (Units),
Y = Total Income (Naira), and
E = Total Expenditure (Naira).
P; = Welfare Index
If FHIE>1 shows that the farmer’s household have prospered. However, if FHIE< 1 shows that the
farmer’s household is not yet prosperous. Thus, farmers FHIE >1 are more likely to meet their
consumption and business needs.

Farm Budgetary Technique
Gross Margin Analysis is one of the budgetary technique and it can be defined as the difference
between the gross farm income (GFI) and Total Variable Cost (TVC):

n n

GM = z P,Q; — Z PX; ()
i=1 i=1

GM =TR—TVC (6)

Where,
GM = Gross Margin (N)
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TR = Total Revenue (M)

TVC =Total Variable Cost (N)

NFI = Gross Margin (GM) — Total Fixed Cost (TFC)
n n

NFI=ZPL-Q1-—ZPJ-XJ-—K (7
i=1 i=1
Where

NFI = Net Farm Income (Naira)

GM= Gross Margin (Naira)

P; = Price of Sorghum Output i"" N/Kg

Q; = Quantity of Sorghum Output i"" (Kg)

P; = Price of Input j™ (N/Kg)

X; = Quantity of Input j" used (Kg/ha)

K = Total Fixed Cost (TFC)
Depreciation of Assets

The straight line depreciation method is specified as:

b= ®

D= Depreciation of Farm Production Assets (Naira)

P= Purchase Cost of Farm Asset (Naira)

S= Salvage Value of Farm Asset (Naira)

N= Number of Years of the life span of the Farm Asset (Years)
Financial Analysis

The formula of Gross Margin Ratio (GMR) is stated as:

Gross Margin GM

GMR : Total Revenue TR ©)
The operating ratio (OR) is stated thus:
OR = e 10

Where, OR= Operating Ratio (Units); TVC= Total Variable Cost (Naira); GI= Gross Income (Naira).
The rate of return invested per naira is stated thus;

RORI = 1 11

Where, RORI= Rate of Return per Naira Invested (Units); NI= Net income from Sorghum Production
(Naira); TC= Total Cost (Naira).

Tobit Dichotomous Regression Model (TDRM)
The model is explicitly stated as:

5
Y, =P = aO"‘Zaizi t o anZn + 1
i=1
Yi == Pl* == ao + a]_Zl + azzz + a323 + (Z4Z4 + 0!525 + a6Z6 + ,ui (12)

Y-={Pi* if P/>0

P70, if PF<0O

Where,

Y; = The Dependent Variable, it is Discrete when the households have Higher Welfare Status
(Prospered), and Continuous when they have Lower Welfare Status (Not Prospered).
P/ = Welfare Index

ao = Constant Term

a; - ag = Regression Coefficients

Z, = Age (Years)

Z, = Level of Education in Years

Z5 = Household Size (Number)

Z, = Farm Experience (Years)
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Zs = Farm Size (Ha)
Z = Amount of Credit Accessed (Naira)
= Noise Term
Multiple Regression Model (MRM)
The multiple regression model (Lead Equation) is stated as:

Y = ﬁ0+ZBLX+ BoX, + £ (13)

Yi =Bo + .31X1 + B2Xo + BaXz + BaXy + BsXs + & (14)
Where,
Y; = Net Farm Income (Naira), X;= Farm Size (Ha), X, = Seed Planted (Kg), X3 = Fertilizer Usage
(Kg), X, = Labour (Mandays), Xz = Agrochemicals (Litres), B, = Constant Term, B; — fs =
Regression Coefficients, £; = Noise Term

Results and Discussion

Summary Details of Smallholder Sorghum Farmers
The summary details of smallholder sorghum farmers are presented in Table 1. The mean age of
smallholder sorghum farmers is 47 years. This means that they are young, strong, energetic and
resourceful. Averagely, the smallholder farmers had 12 years’ experience in sorghum farming. This
result agrees with Tugga et al. (2023) who reported that farmers with more years of farming
experience have been observed to have higher farm output than those with lesser years of farming
experience. The household sizes were large with an average of 7 people per household. They are
small-scale farmers who cultivated an average farm size of 1.5 hectares of sorghum farms.
Approximate 75% of smallholder sorghum farmers belongs to cooperative organization, while 25% of
the respondents do not belong to any cooperative organizations. Membership of cooperatives enables
the smallholder sorghum farmers share ideas, information, access credit and sell in bulk the sorghum
produce. Furthermore, 85% of smallholder sorghum farmers were male, while 25% of the respondents
were female. Approximate 90% (SD = 0.51) of smallholder sorghum farmers were married, while
10% of the respondents were not married. The smallholder sorghum farmers had formal education
were literate with an average of 11 years of school education. This means they will be able to adopt
innovation and farm technologies to increase productivity, income and welfare. This finding is line
with outcomes of Tugga et al. (2023) who reported that 74% of sorghum farmers in Gombe State,
Nigeria were members of cooperative organizations.

Table 1. Summary Details of Smallholder Sorghum Farmers

Variables Unit of Measurement X; SD
Age Years 47 12.17
Farming Experience Years 12 5.21
Household Size Number 7 2.13
Farm Size Hectare 15 0.56
Member of Cooperatives 1, Member; 0, Otherwise 0.75 0.41
Sex 1, Male; 0, Otherwise 0.85 0.45
Marital Status 1, Married; 0,0therwise 0.90 0.51
Formal Education Years 11 3.18

Source: Field Survey (2024)

Analysis of Cost and Returns in Sorghum Production

Analysis of cost and returns in sorghum production is presented in Table 2. The various costs
involved and revenue obtained in sorghum production was based on the current market survey. The
total variable cost was estimated at 100979.82 Naira (97.09 USD) per hectare and this accounted for
72.06% of total cost. The total fixed cost was estimated at 39152.75 Naira (37.65 USD) per hectare,
and this accounted for 27.94% of total cost. The total cost is the addition of total variable cost (TVC)
and total fixed cost (TFC), and this was estimated at 140132.57 Naira (134.74 USD) per hectare. The
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gross margin and net farm income were evaluated at 557175.35 Naira (535.75 USD) and 518022.45
Naira (498.09 USD), respectively. This means that sorghum production in the area was profitable. The
gross margin ratio and rate of return on investment was calculated at 0.846 and 3.69, respectively. The
gross margin ratio of 0.846 implies that for every one Naira invested in sorghum production, 85 Kobo
covered profits, interest, depreciation, and other expenses (marketing and administrative cost). This
can be further explained to mean that the smallholder sorghum farmers retained 85.6% after
accounting for the production cost. That implies that 85.6% of each Naira earned contributes to
covering other expenses and generating net profit. The rate of return on investment or return per Naira
invested in sorghum production was estimated at 3.69. This implies that for every one Naira invested
into sorghum production, approximate 3.69 Naira is made as revenue, that is 2.69 Naira is realized as
profit. This finding is in line with result of Aduba et al. (2013) who obtained the rate of return on
investment of 1.89 among sorghum farmers in Kwara State, Nigeria.

Table 2. The Estimation of Costs and Returns in Sorghum Production

Items Value (Naira) Value (USD) Percentage
Total Variable Cost (TVC) 100 979.82 97.09 72.06
Total Fixed Cost (TFC) 39152.75 37.65 27.94
Total Cost (TFC + TVC) 140132.57 134.74 100.00
Consumed (C) and Gift (G) 138202.78 132.89
Quantity Sold (QS) 519 952.39 499.95
Gross Income (QS+C+G) 658155.17 632.84
Gross Margin 557175.35 535.75
Net Farm Income 518022.45 498.09
Gross Margin Ratio 0.846
Operating Ratio 0.15
Rate of Return on 3.69
Investment

Source: Field Survey (2024) USD = 1040 Naira

Sorghum Farmer Household Income Exchange (SFHIE) and Welfare of Sorghum
Farmers

Results in Table 3 shows that the average income of sorghum farmers from non-farming
agricultural businesses amounted to 287538.15 Naira (276.48 USD). Also, the income from other
farming businesses were 413714.12 Naira (397.80 USD). The income from sorghum farming
businesses was calculated at 518022.45 Naira (498.09 USD). Similarly, the expenditure on non-
farming agricultural businesses amounted to 253048.55 Naira (243.31 USD). Furthermore,
expenditure on other farming businesses approximate 83258.64 Naira (80.06 USD). The expenditure
on sorghum farming businesses approximate 140132.57 Naira (134.74 USD). The total income of
sorghum farmers approximates 1219274.72 Naira (1172.38 USD). The total expenditure of sorghum
farmers was calculated at 476439.76 Naira (458.12 USD). The farmer household income exchange
was 2.56. This outcome is in line with the findings of Mustapha et al. (2018).

Table 3. Sorghum Farmer Household Income Exchange (SFHIE)

Description Value (Naira) Value (USD)
Income from Non-Farming Agricultural 287538.15 276.48
Business
Income from other Farming Business 413714.12 397.80
Income from Sorghum Farming Business 518022.45 498.09
Expenditure on Non-Farming Agricultural 253048.55 24331
Business
Expenditure on Other Farming Business 83258.64 80.06
Expenditure on Sorghum Farming Business 140132.57 134.74
Total Income 1219274.72 1172.38
Total Expenditure 476439.76 458.12
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Farmer Household Income Exchange 2.56

Source: Field Survey (2024) USD = 1040 Naira

Classification of Welfare of Sorghum Farmers

The classifications of welfare of sorghum farmers was presented in Table 4. The classification
was done to identify the farming households that have prospered from the sorghum production and the
households that were yet to prosper. The result shows that 69% of the smallholder farmers have higher
welfare status from the production of sorghum, while only 31% of the sorghum farmers have lower
welfare status. This implies that approximate 7 out of every ten-farming household have higher
welfare status, while approximate 3 out of every ten-farming household have lower welfare status.
This means that sorghum production was a viable enterprise, judging by the percentage of farming
households that have prospered with higher welfare status from the cultivation of sorghum.

Table 4. Classification of Welfare of Sorghum Farmers

Description Frequency Percentage

Number of Sorghum Farmers 97 69.29
Households that have Higher Welfare

Number of Sorghum Farmers 43 30.71
Household that have Lower Welfare

Total 140 100.00

Source: Field Survey (2024)

Factors Influencing the Welfare Status of Smallholder Sorghum Farmers

The results of maximum likelihood estimates using Tobit regression model of predictors
influencing the welfare status of smallholder sorghum farmers was presented in Table 5. The
dependent variable is the welfare status which was categorized as discrete when the households have
higher welfare and have prospered, and continuous when they have lower welfare status and were not
prospered. Approximate six predictors were significantly different from zero in influencing welfare
status of smallholder sorghum farmers. The six significant predictors include age, level of education,
household size, farm experience, farm size, and amount of credit accessed. All the coefficients of
variables included in the model except household size had positive signs with welfare status of
smallholder farmers, and this is in line with a priori expectations. The coefficient of age was measured
at 0.2902 which was significantly different from zero at 1% level of probability. The marginal effect
was estimated at 0.3817, this means that a 1 unit increase in age of smallholder sorghum farmers,
while holding other factors constant would increase welfare by 0.3817 times. The coefficient of level
of education was evaluated at 0.2159 and was significantly different from zero at 5% level of
probability, while the marginal effect was evaluated at 0.1506, this implies that a 1 unit increase in the
level of education of smallholder sorghum farmers, while keeping all other variables constant would
increase the welfare status by 0.1506 times. The coefficient of household size was estimated at -
0.2401, which was significant at 10% level of probability, the marginal effect was evaluated at -
0.3225, this signifies that a 1 unit increase in household size of smallholder sorghum farmers would
decrease welfare status by 0.2401 times. In addition, the coefficient of farm expereince was calculated
at 0.2319 and was siginifantly different from zero at 5% level of probability. The marginal effect was
estimated at 0.2718, this shows that a 1 unit increase in farm expereince of smallholder sorghum
farmers, while keeping all other factors constant would increase the welfare status by 0.2718 times.
Similarly, the coefficient of farm size was evaluated at 0.2108 and was significantly different from
zero at 1% probability level, while the marginal effect was calculated at 0.3914, this means a 1 unit
increase in the farm size of smallholder sorghum farmers, while keeping all other variables constant
would increase welfare status by 0.3914 times. The coefficient of the amount of credit assessed was
estimated at 0.1208 and was significant at 5% level of probability. The marginal effect was evaluated
at 0.4209, this means that a 1 unit increase of the amount of credit accessed by smallholder sorghum
farmers, while keeping all other factors constant would increase the welfare status by 0.4209 times.
The Pseudo R square value was evaluated at 0.8407, this connotes that 84.07% of the welfare status
was explained by the stimuli entered in the model. The LLF (The Likelihood Function) (-159.37) is
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different significantly from zero at 1% probability level. This implies that the model and data is of
good fit.

Table 5. The MLEs (Maximum Likelihood Estimates) of the Tobit Regression Model

Variables Parameters Coefficient Standard t-Value ME
Error
Constant ag 0.4205*** 0.1209 3.48 0.0427
Age a 0.2902*** 0.0467 6.21 0.3817
Level of Education a; 0.2159** 0.0875 2.47 0.1506
Household Size as -0.2401~ 0.1279 -1.88 -0.3255
Farm Experience ay 0.2319** 0.1046 221 0.2718
Farm Size as 0.2108*** 0.0462 4.56 0.3914
Amount of Credit Accessed a 0.1208** 0.0479 2.52 0.4209

Diagnostic Statistics

Sigma 0.27543
LRXz (6) 94.67***
Pseudo R? 0.8407
LLF (Log Likelihood) -159.37
Prob > 0.00000***

Source: Field Survey (2024), ME=Marginal Effect
*Significant at (P < 0.10)., **Significant at (P < 0.05), ***Significantat (P < 0.01).

Factors Influencing Net Farm Income of Smallholder Sorghum Farmers

Table 6 presents the factors influencing net farm income of smallholder sorghum farmers. The
dependent variable is a continuous variable of net farm income of sorghum farmers measured in Naira.
Two predictors were significantly different from zero in influencing net farm income of smallholder
sorghum farmers. The two significant predictors include farm size, and labour. All the predictors had
positive coefficients. The coefficient of farm size was evaluated at 0.654, and was significantly
different from zero at 5% probability level. A 1 unit increase in farm size of smallholder sorghum
farmers, while keeping all other variables constant would increase the welfare status (net farm income)
by 0.654 times. Similarly, the coefficient of labour is 0.447 and was significantly different from zero
at 5% probability level. A 1 unit increase in labour usage, while keeping all other variables constant
would increase the welfare status (net farm income) of smallholder sorghum farmers by 0.447 times.
The coefficient of multiple determinations (R?) was evaluated at 0.94, this signifies that 94% of
variations in the welfare status was explained by the independent predictors included in the model.
The F-value of 432.76 was significantly different from zero at 1 percent probability level. This means
that the model is of good fit. This finding is in line with result of Okeyo et al. (2020) who obtained
that land size labour, farm gate price, and seed variety were significant predictors influencing output of
sorghum in Siaya County Kenya.

Table 6. Multiple Regression Result of Factors Influencing Net Farm Income of Sorghum Farmers

Variables Parameters Coefficient Standard Error t-Value
Constant Bo 1.798** 0.659 2.73
Farm Size b1 0.654** 0.258 2.53
Seeds B 0.136 0.145 0.94
Fertilizer Usage Bs 0.327 0.269 1.22
Labour B 0.447** 0.193 2.32
Agrochemicals Bs 0.135 0.145 0.93

R? 0.94
Adjusted R? 0.92
F-Value 432.76***

Source: Field Survey (2024),
*Significant at (P < 0.10)., **Significant at (P < 0.05), ***Significantat (P < 0.01).

Conclusion

This study focused on the determinants of welfare status and net farm income among
smallholder sorghum farmers in North West, Nigeria. A multi-stage sampling technique was employed
to select 140 smallholder sorghum farmers from total sample frame of 215 respondents. Primary data
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were utilized through the use of a well-designed questionnaire. The data were analyzed using
descriptive and inferential statistics. The result shows that the average age of smallholder sorghum
farmers was 47 years. This implies that they are young, strong, and energetic and can easily adopt
innovations and new farm technologies. The average farm size was 1.5 hectares. Approximate 75% of
smallholder sorghum farmers belong to cooperative organizations. Also, 90% of smallholder sorghum
farmers were married. The average number of years’ smallholder sorghum farmers’ spent in school
education was 11 years. The total variable cost of 100979.82 Naira per hectare accounted for 72.06%
of total cost in sorghum production. Similarly, the total fixed cost of 39152.75 Naira accounted for
27.94% of the total cost. The gross margin and net farm income were estimated at 557 175.35 and
518022.45 Naira per hectare, respectively. This means that sorghum production is profitable in the
area. The total income and expenditure of smallholder were calculated at 1219274.72 and 476439.76
Naira, respectively. The sorghum farmer household income exchange was estimated at 2.56.
Approximate 97 which accounted for 69.29% of smallholder sorghum farmers have higher welfare
status and have prospered, while approximate 43 which accounted for 30.71% of smallholder sorghum
farmers have lower welfare status and have not prospered. The age of farmers, level of education,
household size, farm experience, farm size, and amount of credit accessed were significantly different
from zero in influencing the welfare status of smallholder sorghum farmers. Also, the farm size and
labour were significantly different from zero in influencing the net farm income of smallholder
sorghum farmers. Based on the findings the study suggest that:

(i) Based on the significant variable of farm size, the mechanized farming should be
implemented using new farm technologies, also, the improved seed varieties should be given to
smallholder sorghum farmers, this will increase productivity, income and welfare

(ii) The amount of credit acessed was significant, this suggets that the government and private
organizations should provide credit to smallholder sorghum at low interest rate devoid of cumbersome
administrative procedures

(iii) Farm inputs such as agrochemicals, fertilizers, at subsidized price should be provided to
smallholder sorghum farmers.

(iv) Extension services should be employed to disseminate new research findings and
innovations to farmers.

(v) The level of education was a significant variable in the model, this suggest that the
persistent issue of neglecting education could lead to adverse effects on agricultural productivity,
hence the welfare of smallholder sorghum farmers. Therefore, it is imperative to increase the
investment in education in order to broaden educational opportunities including access to classes,
capacity buldings, and traning through agricultural extesnion services. Demonstrating the positive
impact of education on agricultural output can significantly enhance the quality and yield of
agriculture.
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Abstract

Manure management planning is especially important to ensure the sustainable use of soil and water
resources. The main purpose of planning is to apply the nutrients available in the manure produced in the
operation and in the soil to the land at the appropriate time, taking into account the needs of the plant. For this
purpose, a mobile application has been developed to run on Android-based mobile phones or tablets. In a case
study where plant and animal production is carried out, management planning was made for corn and tomato
plants in a dairy cattle enterprise with a capacity of 60 heads. As a result of the calculations, it was seen that the
financial value of the manure produced by the animals in the operation was approximately $14000. It shows that
if the manure produced is used to provide the most optimum benefit, the amount that needs to be spent on
additional plant nutrients will be $7800 for corn and $27332 for tomato. As a result, it has been determined that
the developed mobile application can be used in manure management planning for sustainable agricultural
production.
Keywords: Manure, Manure management planning, Agricultural waste management, Mobile application.

Giibre Yonetimi i¢cin Android Aplikasyon Gelistirilmesi
Oz

Gtibre isletim planlamasi 6zellikle toprak ve su kaynaklarmin siirdiiriilebilir kullanimint saglamak
acisindan olduk¢a 6nemlidir. Planlamanin temel amaci isletmede firetilen giibrede ve toprakta hali hazirda
bulunan besin elementlerini bitkinin ihtiyaglari1 da dikkate alarak araziye uygun zamanda uygulamaktir. Bu
amacla Android tabanli cep telefonlar1 veya tabletlerde galisacak bir mobil uygulama gelistirilmistir. Bitkisel ve
hayvansal tretimin yapildigi 6rnek bir isletmede misir ve domates bitkisi i¢in 60 bas kapasiteli siit sigirt
isletmesinde giibre isletim planlamasi yapilmistir. Hesaplamalar sonucu isletmede hayvanlar tarafindan tiretilen
giibrenin maddi degerinin yaklasik olarak 14000 $ oldugu gériilmiistiir. Uretilen giibrenin en optimum fayday:
saglayacak sekilde degerlendirilmesi durumunda ilave bitki besin maddesi i¢in harcanmasi gereken miktarin
musir igin 7800 $, domates igin ise 27332 $ olacagim gostermektedir. Sonug olarak, gelistirilen uygulamanin
stirdiiriilebilir bir tarimsal iiretim amaciyla giibre isletim planlamasinda kullanilabilecegi tespit edilmistir.
Anahtar Kelimeler: Giibre, Giibre isletim planlamasi, Tarimsal atik yonetimi, Mobil uygulama.

Introduction

Agriculture is essential to maintain life for human beings (Ravindran et al., 2018). With the
increase in agricultural production, the amounts of animal waste, agricultural product residues, and
agro-industrial by-products also increase. The challenges in managing the resulting waste can lead to
air, water, and soil pollution. As livestock production increases worldwide, the environmental impacts
of animal waste are becoming an increasing risk (Catelo et al., 2001). Although the growing number
of farm animals globally has a positive effect on reducing hunger and malnutrition, it brings a
significant waste burden on the environment. Animal excreta can contain harmful chemical residues
and zoonotic pathogens to human health (Singh et al., 2017). Improper management of animal waste
can damage agricultural lands, water resources, soil fertility, and the atmosphere, leading to
environmental problems. Hazardous gases such as H,S, CH4, CO2, and NHs, along with various
chemicals and foul odors from farm animal manures, contribute to air pollution. Furthermore, manures
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contain heavy metals, antibiotics, and nutrients (especially nitrogen and phosphorus) (Kraham, 2017).
Water pollution arises when animal wastes are spread over crops and pastures. These wastes are used
to fertilize the soil and enrich it with various forms of nitrogen. However, unplanned fertilizer
applications (Kizil and Lindley, 2001) can result in nitrogen, which is not fully absorbed by crops,
leaching into groundwater along with excessive amounts of applied animal excreta. This leads to
nitrate transportation from the soil to groundwater, causing various problems. Leaching and runoff
losses to underground and surface waters are one of the main ways nitrogen is lost from the field
(Rotz, 2004). Additionally, the resulting leachate indirectly contaminates the drinking water sources of
both humans and animals.

The resulting agricultural wastes must be processed or disposed of in a way that does not
pollute the environment or harm the health of living things. Animal waste can be a rich source of
nutrients and can increase soil fertility by using it as plant nutrients. It can also contribute to
sustainable agricultural practices. Animal waste, which contains essential nutrients such as nitrogen,
phosphorus and potassium, provides elements that are of great importance for the growth and
development of plants. In this way, in addition to the use of traditional fertilizers, the use of animal
waste in agricultural production can both improve soil quality and reduce fertilizer costs. The
application of animal manure to agricultural lands appears to have become a suitable alternative as it
provides high crop productivity and soil fertility for longer periods than synthetic fertilizers (Leclerc
and Laurent, 2017).

There are many options for the disposal and use of animal manure. However, direct land
spreading method is the most widely preferred method used among farmers (Jiang et al., 2014). In the
past, manure management focused on using nutrients from manure for crop production (Millner,
2009). Although animal manure has high nutritional value, excessive application may cause negative
effects on plant and environmental health. Therefore, it is important to apply fertilizer according to the
needs of the plant and the current condition of the soil. The fertilizer to be applied must be applied at
the right time, in the right amount and in the right way. This ensures efficient use of fertilizer to meet
the nutritional needs of plants while minimizing environmental impacts.

The use of technology in agriculture is considered an important element of sustainable
agriculture. Modern agricultural technology has been developed to obtain the highest yield and
provide the most economic gain. To achieve these goals, basic practices such as the use of inorganic
fertilizer, irrigation, soil tillage, control of chemical pests, and plant genetic manipulation come to the
fore (Rehman et al., 2016). Advanced farming techniques, precision farming practices and digital
farming practices play a key role in production by using resources more effectively and help increase
productivity. With these technologies, environmentally friendly agricultural practices can be
developed. For example, sensors and automation systems that enable smarter use of water and
fertilizer can minimize the negative effects of agricultural waste on water resources and soil fertility.

Technologies used in agriculture such as smart agricultural practices and digital
applications will enable farmers to become more conscious about production. Agricultural
applications have the potential to improve agricultural production processes while increasing
farmers' productivity. The application of innovative agricultural technologies makes a
significant difference in the agricultural sector, making farmers' daily work easier and
increasing productivity (Khan et al., 2021). By using applications, it will be easy to access data
such as fertilization plans and weather forecast. Accessing such information will be a great
convenience for manufacturers. Additionally, mobile applications and other agricultural technologies
can help farmers make realistic decisions. In this way, technology will allow agriculture to be
managed in a more sustainable and environmentally friendly way. Being aware of utilizing animal
waste and using technologies and practices appropriately will contribute to more conscious and
effective production. The aim of this study is to raise awareness by proving that animal waste can be
used consciously, minimizing its damage to the environment, and using technologies such as digital
agriculture and mobile applications in a more sensitive and conscious way.
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Materials and Methods

Android Programming

MIT App Inventor, one of the development environments used to design Android applications,
is maintained by the Massachusetts Institute of Technology (MIT) (Hong and Hwang, 2020). MIT
App Inventor is a web-based and free development platform with a graphical interface where fully
functional Android applications can be designed (Pokress and Veiga, 2013). MIT App Inventor has
two primary editors: the Design Editor and the Block Editor. The Design Editor is a drag-and-drop
interface used to edit the application's user interface elements. The Block Editor allows application
developers to visually organize the logic of the application by combining color-coded blocks (Patton et
al., 2019). Since moving from Google to MIT, a number of improvements have been made to App
Inventor. App Inventor platform was preferred in the application because it provides easy testing.

General Principles of Fertilizer Management Planning
The method used to recycle the manure produced in an agricultural enterprise as plant nutrients is
generally called nutrient budget. When making a nutrient budget, plant nutrient resources that enter the
enterprise, are produced in the enterprise, and leave the enterprise as a result of production must be
taken into account. When considered on a farm basis, animal feed, inorganic and organic fertilizers,
plant residues in the soil and even rainfall can be taken into consideration as nutrient input tools.
Animal and plant products and losses during production are considered as output tools in the
nutritional balance calculation. Major losses include ammonia volatilization, deep soil leaching,
denitrification, runoff and erosion.

Studies have shown that more than 60% of the nutrients remain in the enterprise, but a smaller
part leaves the enterprise in the form of products and losses (Klausner, 1997). In the calculation of the
amount of fertilizer to be applied to the land, there are inputs, losses and outputs, just like on a farm
basis. The basis of the application developed in this study is based on the calculation principles and
formulas given in MWPS (1993).

Kizil et al. (2016) developed a computer program using the same formulas and approach.
However, developing technology makes it inevitable for applications to run on smart mobile phones,
which are widely used by almost everyone, without a computer. In this context, Aksu et al. (2017)
developed only a map-based application for Canakkale Province, Glimiisgay Town. However, this
application provides fertilizer application rates calculated for the number of animals in the town and
the products produced on a parcel basis. That is, the database of the application (plant and animal
information) must be updated by the developers every year and a new version must be published.
Therefore, it does not have a dynamic structure and does not provide the opportunity to see different
scenarios. The developed mobile application can make calculations according to the flow diagram
below using the nutrient budget approach (Figure 1). Here, the parameters given in different colors
above the flow chart indicate the data that needs to be entered. It shows which data is used in which
step. In the developed application, the amount of fertilizer to be applied to the land is calculated
separately according to both nitrogen and phosphorus requirements. At this point, the user must
specify the purpose of fertilizer application. If the fertilizer is intended to meet all the nitrogen and
phosphorus needs of the plant, the greater of the calculated values is considered. If the purpose of
fertilizer application is to maximize the use of plant nutrients in the fertilizer, the smaller of these two
values is used. The developed application can also calculate the amount of land required to dispose of
the fertilizer produced in the enterprise.

286



COMU Zir. Fak. Derg. (COMU J. Agric. Fac.) Research Article

Commercial
N,P.K prices

: Manure No of animals
I‘u1anL::.-SS|rt15aI} sis Manure form F'aa St”g;atmrf Plfoné Ji;qe application and average
pD . p method weigth

‘ Available Org-N }4—,
) | Mineralization factor
‘ Residual N
‘ Plant N requirement I:

T

‘ Plant P requirement |1 Send results to Drive

‘ N and P based ‘

N Land required to
application rate

dispose manure

o .. R — —

Annual N,PK Economical value of
production manure

Yes P ey No
< Supply all N and P - - oy
,I' S from manure? ~ ) )

N,P,K production per
AU

Select the
higher one

Select the lower
one

Manure application ( )
rate Animal Unit (AU}

Figure 1. Application flow chart
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With the application, annual production amounts of major plant nutrients originating from
fertilizers can be calculated. Therefore, it is possible to calculate the economic value of fertilizer. For
this purpose, the approximate economic value of the fertilizer can be revealed by entering the pure N,
P,0s and KO prices in the market.

Creating a Cloud Database

It is very important to keep the fertilizer operation plans of a business in a database on a yearly
basis. Because knowing the amount, method and preferences of fertilizer application and animal
presence in the past years will contain important data for fertilizer applications in the coming years. In
this context, it is aimed to collect a fertilizer operation plan developed in an easily accessible, usable,
and shareable database. Considering that smart mobile phones or tablets offer internet connection, the
use of cloud data systems will provide significant advantages. For this purpose, Google Sheets, a
cloud-based platform, was used. The URL address of the Sheets file to be created is used so that
Google Sheets can receive data from the smart device. Google Sheets, an online version of MS Excel
files, can collect and store incoming data in a certain hierarchy. It is a simple coding (Script) file
created on Drive that enables communication with the smart device using the URL address of Sheets
files accessible via Google Drive. Storing the calculated values and data in the developed application
on the Sheets file is schematized as follows (Figure 2).
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Application Interface and Usage

The application has been tested on devices with Android operating system. The design of the
user login screen to enable data entry is given in Figure 3. In the first stage, all data to be calculated
must be entered. Here, fertilizer and soil analysis results, fertilizer application method (injection or
surface application), application purpose, plant to be produced, animal information (number and
average weight), commercial fertilizer prices and exchange rate must be entered, respectively. Then,
when the Calculate button is pressed, the management plan appears on the screen. Finally, if desired,
the calculation results are transferred to the Sheets file on Google Drive.

Gilbre isletim Planiama Uygulamasi
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Figure 3. User interface and data entry of the application

Sample Application

Using the application, a sample nutrient management plan was prepared for a dairy cattle farm
with a 60-head loose dairy barn located in Durali Village, Can District, Canakkale Province, Tiirkiye.
The dairy barn has an area of 25%30 = 750 m? and ridge height of 6 m. The average milk yield in the
farm is 20 It day’. The enterprise has an agricultural land of approximately 200 decares. Tomatoes,
corn, and other plants dominant in the region are generally cultivated.

The first and most important data to be entered in the application is the manure chemical
analysis results. These values can be obtained through laboratory analysis as well as literature.
However, laboratory analyzes can take up to a few weeks, and during this period, changes occur in the
chemical contents of the pile from which the manure is taken. Precipitation, wind and temperature are
the most important reasons for these changes. The disadvantage of using literature information is that
manure characteristics vary significantly even from one enterprise to another (Kizil and Lindley,
2001). In this study, to reduce this disadvantage, dairy cattle manure analysis results obtained under
the conditions of the Canakkale Region published in Aksu and Kizil (2015) were used (Table 1).
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Table 1. Manure chemical analysis results (%)
Cizelge 1. Giibrenin kimyasal analiz sonuglari (%)

Total N 0.86
NH4-N 0.00
NO3-N 0.00
P20s 0.40
K20 0.50

Surface application was preferred as the manure application method since the producer does
not have a manure injector like many other producers in the region. The aim was to meet all plant
nutrient requirements from the manure. Hence higher of N and P based application rates was chosen at
the beginning. However, in order to evaluate the result of other option, maximizing the use of plants
nutrients in manure, both situations were simulated. In order to determine the amount of organic-N
that will be mineralized in the season of manure application, the form of the fertilizer must be
determined. For this purpose, the solid manure with bedding was used since the enterprise was in a
loose barn system. Plant selection was based on tomatoes and corn. Accordingly, the nutritional
requirements of these plants were automatically retrieved from the application's database. As stated
above, the enterprise is a 60-head dairy operation, and the average animal weight is 450 kg. Finally, in
the calculations, the market value of pure N, P.Os and K;O and the daily exchange rate were
determined. Using March 2024 exchange rates, N, P,Os and K;O prices were used to be 2156, 1281
and 1625 $ t*, respectively.

Results and Discussion

After the necessary data entries and preferences were entered, manure management plans were
evaluated for different scenarios. In Table 2, the management plan to be obtained if the manure
produced is applied as a nutrient to corn and tomatoes and the amount of land required to dispose of
the manure are shown. Two separate calculations were made for both plants, depending on the
application purpose. The option of the manure meeting all the nitrogen and phosphorus needs of the
plant and the option of keeping the use of plant nutrients in the manure at the highest level were
examined in two separate columns.

Table 2. Summary of alternative scenarios
Cizelge 2. Alternatif senaryolarin 6zeti

Corn Tomato
Parameter Unit! Unit2 Unit! Unit?
Manure Organic-N (kg t™) 7.83 7.83 7.83 7.83
Organic-N available at the end of the first year (kg t) 1.96 1.96 1.96 1.96
Plant available-N (kg t*) 1.96 1.96 1.96 1.96
Required N (kg da) 25.0 25.0 30.0 30.0
N-based manure application rate (t da™) 12.8 12.8 15.3 15.3
P,Os based manure app. rate (t da) 3.6 3.6 2.2 2.2
Application rate to be used (t dal) 12.8 3.6 15.3 2.2
N utilized from manure (kg da*) 25.0 7.0 30.0 4.3
Additional N requirement (kg da) 0.0 18.0 0.0 25.7
P205 utilized from manure (kg da™) 46.5 13.0 55.8 8.0
Additional P,Os requirement (kg dat) 0.0 0.0 0.0 0.0
K20 utilized from manure (kg da®) 58.1 16.3 69.8 10.0
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Table 2. Summary of alternative scenarios (cont.)
Cizelge 2. Alternatif senaryolarin dzeti (devami)

Corn Tomato

Parameter Unit! Unit? Unit! Unit?

Additional K20 requirement (kg da-1) 0.0 0.0 0.0 50.0

Annual average animal unit (AU) 54 54 54 o4
Annual nutrient generation per AU

Plant available-N (kg AU™) 30.7 30.7 30.7 30.7

P,0s (kg AU™) 57.1 57.1 57.1 57.1

K0 (kg AU™) 71.4 71.4 71.4 71.4
Annual total nutrient generation

Plant available-N (t y) 1.7 1.7 1.7 1.7

P,0s (ty?) 3.1 3.1 3.1 3.1

K20 (ty™) 3.9 3.9 3.9 3.9

Land required (da) 66 237 55 386

! Provide all plant nutrients from the manure.
2 Maximize the use of all plant nutrients in manure.

As summarized in Table 2, if all the nutritional requirements of corn are met from manure,
there is no need to use additional chemical fertilizer, but only an area of 66 da can be fertilized with
the manure produced. In other words, there will be enough fertilizer for only 66 decares of the 200
decares of land owned by the business. If the small application rate (3.6 t da?) is used, it will be
possible to apply the fertilizer in an area of 237 da with an N supplement of 18 kg da without the
need for additional P,Os and K;O. Therefore, although it was initially aimed to meet all the plant
nutritional needs of the operation from manure, as a result of the calculations, it can be said that it
would be more appropriate to use the smaller application rate. The cost of the calculated 18 kg da*
additional N requirement in a 200 da area will be approximately $ 7800, considering the above
exchange rate.

Similarly, looking at the results obtained for tomatoes, it seems that it would be more
appropriate to choose the lower application rate (2.2 t da?). It is seen that choosing the larger value
will meet the nutritional needs of approximately % of the land. When the smaller rate is selected, the
entire land will be fertilized in return for an additional requirement of 25.7 kg da* N and 50 kg da*
K20. Under this condition, the amount of additional N and KO in the 200 da production area will be
5.14 t and 10.00 t, respectively. Again, considering the exchange rate, it can be seen that the costs of
additional nutrient requirements will be $11082 and $16250 for N and KO, respectively.

Considering the number of animals, the annual manure production rate and the manure
analysis results, the annual N, P.Os and K;O production amounts are given in the table. Again, the
financial value of the fertilizer produced was calculated approximately, considering the exchange rate
and the nutrient prices in the month in which the calculations were made. Accordingly, the economical
values of N, P,Os and KO produced in the operation are $ 3665, $ 3971, and $ 6337, respectively.
This shows that the value of the fertilizer produced in total as plant nutrients is approximately $14000.

In this case study, when corn is produced, the cost of chemical fertilizer as an input decrease
significantly compared to tomatoes. If tomatoes are planted, the total cost of chemical fertilizer is
approximately $27,300. This is approximately 3.5 times the cost of additional fertilizer required for
corn production. Of course, it would not be correct to make a production plan based only on these
results. In production planning, many factors such as other production costs and the market price of
the product produced should be considered. However, considering that one of the most important
production costs in plant production is fertilizer, it is obvious that more precise production planning
can be made with the developed application.

Conclusions

In Turkiye, manure resulting from animal production is generally disposed of in a way that
causes significant environmental problems. In cases where it is used as a plant nutrient, it is applied to
the land in certain rates without relying on any calculation. The amount of nutrients already presents in
the soil, the needs of the plant and the amount of nutrients available in the manure are generally
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ignored. This causes either more manure to be applied than needed or excessive application and
unnecessary fertilization. To ensure sustainability in agriculture, fertilizer, which is an important plant
nutrient, must be applied to the land in appropriate amounts.

In practice, manure management planning can be easily made for different scenarios and
production conditions in a short time by easily changing many parameters such as fertilizer source,
number of plants and animals grown. Today, the widespread use of smart mobile phones will make the
work of producers easier in fertilizer operation planning, as in other areas. In addition, storing the
manure management plans in a database constitutes an important data source. This is very important
for sustainable agricultural production in the long term.
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Abstract

The olive tree (Olea europaea L.) is a vital crop in Mediterranean agriculture, frequently exposed to
harsh drought conditions. Among the molecular mechanisms that confer drought tolerance, Late Embryogenesis
Abundant (LEA) proteins play a central role. These hydrophilic proteins function in cellular protection during
water deficit, preventing protein denaturation, stabilizing membranes, and scavenging reactive oxygen species.
In this study, we performed a comprehensive phylogenetic and gene expression analysis of LEA proteins in
olive. We identified LEA genes expressed across different tissues and conducted a differential expression
analysis to assess their response to drought stress. A phylogenetic tree was constructed to classify LEA family
members, and expression data was mapped onto the tree to link evolutionary conservation with functional
responses. LEA proteins were classified into distinct subgroups (LEA_1-5, Dehydrin, SMP) to highlight their
functional diversity. Additionally, a tissue-specific expression heatmap was generated to illustrate the spatial
dynamics of LEA gene activity. Our results provide valuable insights into the molecular mechanisms of drought
tolerance in olive and offer potential targets for genetic improvement to enhance resilience in olive cultivation.
Keywords: Olive, Late Embryogenesis Abundant Gene Family, LEA, Gene Expression

Zeytinde (Olea europaea L.) LEA Gen Ailesinin Tanimlanmasi ve Gen Anlatim
Profillerinin Belirlenmesi

Oz

Zeytin agaci (Olea europaea L.), Akdeniz tariminda hayati 6neme sahip bir tiriindiir ve siklikla siddetli
kuraklik kosullarina maruz kalmaktadir. Kuraklik toleransini saglayan molekiiler mekanizmalar arasinda, Late
Embryogenesis Abundant (LEA) proteinleri merkezi bir rol oynar. Bu hidrofilik proteinler, su kitlig1 sirasinda
hiicre korumasin: iistlenerek protein denatiirasyonunu onler, zar biitiinliiglinii korur ve reaktif oksijen tiirlerini
ortadan kaldirir. Bu ¢alismada, zeytinde LEA proteinlerinin kapsamli bir sekilde filogenetik ve gen anlatimi
profilleri incelenmistir. LEA genlerinin farkli dokulardaki anlatim profilleri belirlenmis ve kuraklik stresine karst
verdikleri yanitlarin belirlenmesi amaciyla gen anlatim analizleri gergeklestirilmistir. LEA ailesi iiyelerini
filogenetik olarak smiflandirilmis ve gen anlatimi verileri iligkilendirilen analizler gerceklestirilmistir. LEA
proteinleri, islevsel gesitliliklerini vurgulayacak sekilde (LEA 1-5, Dehydrin, SMP) gibi farkli alt gruplara
ayrilmistir. Ayrica, LEA gen aktivitesinin farkli dokulardaki dinamiklerini gozler oniine sermek i¢in dokuya
Ozgii bir 1s1 haritast olusturulmustur. Sonuglarimiz, zeytinde kuraklik toleransinin molekiiler mekanizmalarina
dair 6nemli bilgiler sunmakta ve zeytin yetistiriciliginde dayanikliligi artirmaya yonelik genetik iyilestirme
caligmalarinda potansiyel hedefler ortaya koymaktadir.
Anahtar Kelimeler: Zeytin, Late Embryogenesis Abundant Gen Ailesi, LEA, Gen Anlatimi

Introduction

The Late Embryogenesis Abundant (LEA) gene family comprises a diverse group of
hydrophilic proteins crucial for enhancing plant stress tolerance, particularly under abiotic conditions
such as drought, salinity, and low temperatures. Characterized by their accumulation during the later
stages of seed development, LEA proteins protect cellular structures from desiccation and oxidative
damage, thereby playing a significant role in plant survival and resilience during critical growth
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phases (Hand et al. 2011; J.-S. Jia et al. 2023; Magwanga et al. 2018). With over 300 identified LEA
proteins across various plant species, their functional diversity and evolutionary significance
underscore their adaptability to environmental stressors (Hanin et al. 2011; Hundertmark and Hincha
2008; Sun et al. 2021).

The LEA proteins are a diverse group of hydrophilic proteins that play crucial roles in plant
stress tolerance, particularly during periods of dehydration. Based on their sequence similarity and
structural characteristics, LEA proteins can be classified into eight distinct subgroups: LEA_1,
LEA 2, LEA 3, LEA 4, LEA 5, LEA 6, Dehydrins (DHN), and Seed Maturation Proteins (SMP)
(Huang et al. 2022; Hundertmark and Hincha 2008; C. Jia et al. 2022; Li et al. 2021; Lin et al. 2024;
Zhang et al. 2022). These proteins stabilize cell membranes and biomolecules, facilitate the refolding
of misfolded proteins, and scavenge reactive oxygen species generated during stress, making them
integral to plant physiological responses. (Huang et al. 2022; J.-S. Jia et al. 2023; Wang et al. 2024).
LEA proteins are predominantly localized in the nuclear regions and cytoplasm of plant cells. They
have been identified in various tissues, including roots, leaves, buds, and seedlings, although their
primary function is observed in seeds (Hundertmark and Hincha 2008).

The expression of LEA genes is tightly regulated by hormonal pathways, particularly abscisic
acid (ABA), indicating their complex involvement in the plant's stress response mechanisms
(Hundertmark and Hincha 2008; C. Jia et al. 2022; Wang et al. 2024). The importance of LEA
proteins extends beyond basic plant biology; they have significant implications for agriculture and
crop improvement strategies. Research shows that transgenic plants overexpressing specific LEA
proteins demonstrate enhanced abiotic stress tolerance, suggesting their potential for developing
resilient crop varieties in the face of climate change (Brini et al. 2007; Hanin et al. 2011; Peng et al.
2008; RoyChoudhury, Roy, and Sengupta 2007). Despite their benefits, the complexity of LEA gene
regulation and the variability in expression across different plant species and environmental conditions
present ongoing challenges and opportunities for further research in this area.

The olive tree (Olea europaea L.) represents one of the most economically and culturally
important crops of the Mediterranean basin, known for its resilience in semi-arid climates. However,
olive cultivation is frequently challenged by prolonged drought conditions, a major environmental
stressor affecting yield and plant health (Gholami et al. 2022; Rico et al. 2023). In such water-limited
environments, the olive tree’s ability to endure and continue its physiological functions is underpinned
by an array of stress-responsive molecular mechanisms (Ben Abdallah et al. 2018). One such
mechanism, LEA proteins have been recognized for their role in response to various abiotic stresses,
particularly dehydration.

In summary, the LEA gene family is pivotal for plant stress tolerance, with a notable role in
agricultural applications aimed at enhancing crop resilience. Continued investigations into their
functional mechanisms and regulatory pathways will be essential for leveraging their potential in
combating the challenges posed by climate variability and ensuring global food security. This study
presents a comprehensive analysis of LEA proteins in olive with a focus on their evolutionary
relationships and role in stress tolerance, particularly under drought conditions. Using RNA-seq data,
we identified LEA genes expressed across different tissues of the olive tree, followed by a differential
expression analysis to assess their transcriptional response to drought stress. We constructed a
phylogenetic tree to elucidate the evolutionary connections among LEA family members. These
findings contribute to a deeper understanding of the molecular basis of drought tolerance in olive and
provide a foundation for future genetic improvement strategies aimed at enhancing resilience in olive
cultivation.

Materials and Methods

Identification of LEA Gene Family Members in Olive Genome

To identify LEA protein family members in olive, we utilized the genome assembly Olea
europaea var. sylvestris (wild olive) GCF_002742605.1 (Unver et al. 2017). The protein sequences of
the entire genome were analyzed using HMMER version 3.1b1. We employed Hidden Markov Model
(HMM) profiles corresponding to LEA domains sourced from the Pfam database: PF03760 (LEA_2),
PF03168 (LEA_1), PF03242 (LEA _3), PF02987 (Dehydrin), PFO0477 (SMP), PF00257 (LEA_4), and
PF04927 (LEA_5). This approach yielded a total of 111 putative LEA proteins. Following the domain-
based identification, we retrieved the corresponding transcript sequences and genomic loci for each
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protein. These sequences were used in further analyses, including phylogenetic studies and gene
expression profiling.

Protein Characterization

The identified LEA proteins from the Olea europaea var. sylvestris reference genome
(GCF_002742605.1) were subjected to comprehensive characterization, focusing on their structural,
functional, and physicochemical properties. A set of bioinformatics tools was employed to gather key
attributes for each protein, including domain composition, chromosomal localization, exon count, gene
length, mMRNA length, protein sequence length, subcellular localization, signal peptide presence,
molecular weight, and isoelectric point (pl). The HMMER software version 3.1b1 was used to identify
conserved domains within the protein sequences, utilizing PFAM profiles corresponding to the LEA
gene family domains (PF03760, PF03168, PF03242, PF02987, PF00477, PF00257, PF04927). This
process enabled precise annotation of domain architecture for each protein. Chromosomal positions
and exon counts for the identified LEA genes were extracted from the reference genome annotations.
Genomic lengths and mRNA lengths were retrieved from the genome annotation data, while protein
lengths were calculated based on the amino acid sequences. Subcellular localization predictions were
made using DeepLoc 1.0, which classified the proteins into various cellular compartments (Jddum et
al. 2024). Molecular weight and isoelectric points (pl) were predicted using the pepstats tool from the
EMBOSS suite, based on the amino acid compositions of the LEA proteins (Madeira et al. 2024).

Gene Expression Analysis

The RNA-seq datasets used in this study were sourced from the BioProject databases under
accession numbers PRINA590386 (Ramirez-Tejero et al., 2020) and PRINA606032 (Tsamir-Rimon et
al.,, 2021). Raw sequence data were downloaded from the Sequence Read Archive (SRA) and
preprocessed for quality control. Low-quality bases and adapter sequences were trimmed and the
processed reads were then mapped to the Olea europaea var. sylvestris reference genome
(GCF_002742605.1) using the tools within Geneious 2024 (Kearse et al., 2012). Read count data were
generated for each gene using the same software.

Subsequent differential gene expression analysis was performed using the DESeq2 package in
R. Genes with a log2 fold change greater than 2 or less than -2, and adjusted p-values below 0.05,
were considered significantly differentially expressed. The expression data were compared across
multiple tissue types and stress conditions. To visualize the gene expression profiles, pheatmap was
used to generate heatmaps of differentially expressed genes.

Phylogenetic Analysis

For the phylogenetic analysis, the protein sequences of the identified LEA proteins were
aligned using ClustalW in Geneious 2024 (Kearse et al., 2012). An unweighted pair group method
with arithmetic mean (UPGMA\) tree was constructed based on the multiple sequence alignment, with
1,000 bootstrap replicates to ensure the robustness of the tree. The tree file was exported in newick
format and used in further visualization. To incorporate gene expression and domain data into the
phylogenetic tree, further visualization was conducted in R using the ggtree and ggtreeExtra packages.
The expression data were integrated into the tree using bar plots to display the log2 fold change
between control and drought conditions, while domain architecture was represented as colored tiles to
highlight the conserved protein domains.

Results and Discussion

Olive LEA Proteins

In this study, we performed a comprehensive identification of LEA proteins in olive. The
analysis of 111 LEA proteins was performed, focusing on their domain classifications, chromosomal
locations, exon count, sequence length, subcellular localization, and physicochemical properties such
as molecular weight and isoelectric point (pl) (Table 1).

A total of 111 LEA proteins were identified in the olive genome, each characterized based on
domain composition, chromosomal distribution, exon counts, sequence lengths, subcellular
localizations, and physicochemical properties. Among these proteins, 36 contained LEA2 domains,
making it the most common domain, followed by 17 proteins with LEA_3 domains, 14 with LEA_1
domains, 5 with Dehydrin (DHN) domains, and 4 with Seed Maturation Protein (SMP) domains. The
chromosomal locations of the LEA proteins were found to be widely distributed across various
chromosomes, with no significant clustering that might suggest specific regions of high LEA gene
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density. This wide distribution hints at the possibility of their involvement in diverse stress response
mechanisms throughout the plant.

Exon counts ranged from 1 to 14, indicating structural diversity in gene organization, which
could contribute to functional versatility. Genomic lengths varied from 500 bp to over 10,000 bp,
while mRNA lengths spanned from 300 bp to 9,500 bp, indicating differences in transcript
complexity. Protein lengths similarly showed considerable variability, ranging from 90 to over 600
amino acids, reflecting the diverse roles these proteins may play under different physiological
conditions.

Localization predictions revealed that 48 of the LEA proteins have transmembrane domains,
likely indicating their involvement in membrane stability under stress conditions. Beyond
transmembrane proteins, 20 proteins were predicted to localize to the mitochondria, suggesting a role
in protecting mitochondrial integrity during stress. The remaining proteins were mostly soluble,
localizing primarily to the cytosol (24 proteins) or nucleus (10 proteins), indicating their potential
regulatory roles in stress response and gene expression. A small number of proteins were associated
with the endoplasmic reticulum (3 proteins), possibly indicating involvement in protein folding or
secretion under stress.

Physicochemical analysis showed that the molecular weight (MW) of the LEA proteins ranged
from 10 kDa to 60 kDa, with most proteins falling in the range of 15 kDa to 40 kDa, suggesting they
are relatively small proteins, ideal for quick response to abiotic stress. The isoelectric points (pl)
varied from 4.5 to 9.5, reflecting the proteins’ wide range of charge properties. This variation in pl
suggests that these proteins might function in different cellular environments and under different stress
conditions, maintaining stability in both acidic and basic intracellular compartments.

Table 1. Protein characteristics of Olive LEA proteins.

o, owan o B0 GO N PO leun  sowWaon o
XP_022842058.1 LEA 1 17 2 698 610 151 Cyt 33,75 6,35
XP_022842435.1 LEA 2 17 1 993 993 209 C_memb SPITD 28,46 5,95
XP_022843012.1 LEA 3 18 2 804 558 84 MD MTP 15,62 6,58
XP_022843751.1 LEA 6 18 1 1005 1005 85 Cyt|Nucleus 23,59 5,53
XP_022844117.1 LEA 2 18 1 1133 1133 252 C_memb TD 20,39 6,71
XP_022844300.1 Dehydrin 18 2 1141 1046 239 Cyt|Nucleus NLS 28,52 6,22
XP_022844537.1 LEA 2 18 1 1229 1229 209  C_memb SP|TD 2042 571
XP_022844932.1 LEA 2 18 3 4334 1118 228 C_memb|ERILYSO/VAC SP|TD 22,02 6,11
XP_022845171.1 LEA 2 18 3 1949 1423 323 C_memb|LYSO/VAC SPITD 26,53 6,05
XP 0228452381 LEA 2 19 2 1234 606 201  C_memb|ER SP|TD 2854 581
XP_022845239.1 LEA 2 19 2 2461 366 121  C_memb|ER SP|TD 26,83 588
XP_022846305.1 LEA 2 1 3 4051 993 222 ER|LYSO/VAC SPITD 26,09 6,45
XP_022850613.1  LEA 2 1 792 792 201  C_memb SP|TD 2567 592
XP_022853417.1 LEA_3 2 788 540 81 MD MTP 18,42 6,63
XP_022853418.1 LEA 3 2 788 561 80 MD MTP 16,72 6,58
XP_022853760.1  LEA 2 1 987 987 209  C_memb SP|TD 245 6,72
XP_022854074.1  LEA 2 1 949 949 199  C_memb SP|TD 1986 5,88
XP_022854327.1 LEA 3 2 756 633 103 MD MTP 14,02 6,12
XP_022854420.1  LEA 2 1 990 990 209  C_memb SP|TD 2489 6,64
XP_022854693.1 LEA_3 2 846 744 97 MD MTP 26,92 6,08
XP_022855095.1 LEA 2 2 2482 1267 203 C_memb SP|TD 27,01 6,35
XP_022858503.1  Dehydrin 3 496 345 114 Cyt|Nucleus NLS 14,43 5,98
XP_022858973.1 SMP 3 3 1447 944 239 Cyt 18,73 6,85
XP_022859033.1 Dehydrin 2 1758 843 153 Cyt|Nucleus NLS 24,53 6,91
XP_022859405.1 LEA_3 2 718 577 92 MD MTP 20,65 5,92
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Table 1 cont.

XP_022859406.1  LEA 3 2 718 577 92  MD MTP 1864 599
XP_022860591.1  LEA 2 1 1003 1003 223 C_memb SP|TD 2671 6,02
XP_022860835.1  LEA 2 1 1475 1475 210  C_memb|LYSO/VAC SP|TD 2218 654
XP_022861872.1  Dehydrin 1 687 687 148  Cyt NLS 19,75 631
XP_022862923.1  LEA 2 1 976 976 208  C_memb SP|TD 2239 6,67
XP_022862928.1  LEA 2 1 420 420 139 Nucleus|C_memb NLS 2574 597
XP_022862930.1  LEA 2 1 612 612 203  C_memb SP|TD 2011 651
XP_022863156.1  LEA 4 3 1901 1711 400  Cyt|C_memb NLS 215 6,38
XP_022863204.1  LEA 2 3 1813 1545 309  C_memb|LYSO/VAC SP|TD 2722 611
XP_022864302.1  LEA 1 2 786 703 152 Cyt|Nucleus 18,87 586
XP_022865060.1  LEA 2 1 1078 1078 259  C_memb D 2274 612
XP_022865774.1  LEA 2 3 1 897 897 222 C_memb|LYSO/VAC SP|TD 1796 594
XP_022865782.1  LEA 2 3 1 896 896 222 C_memb|LYSO/VAC SP|TD 1757 601
XP_022866689.1  LEA 2 1 867 867 209  C_memb|LYSO/VAC SPITD 2788 6724
XP_022866926.1  LEA 2 1 1047 1047 250 C_memb D 2597 598
XP_022867195.1  LEA 2 1 1087 1087 218 C_memb|LYSO/VAC D 21,43 6,1
XP_022868236.1  LEA 2 1 992 992 211 C_memb SP|TD 1965 588
XP_022868427.1  LEA 2 1 741 741 222 C_memb|LYSO/VAC SP|TD 2231 643
XP_022869332.1  LEA 2 1 836 836 208  C_memb SP|TD 1992 626
XP_022869337.1  LEA 2 4 4949 1096 250 C_memb D 2422 6,14
XP_022869339.1  LEA 2 4 4949 1076 250  C_memb D 1992 6,26
XP_022869340.1  LEA 2 4 4949 1261 250  C_memb D 2435 642
XP_022869341.1  LEA 2 4 4949 947 250 C_memb D 2356 6,22
XP_022869344.1  LEA 2 2 2692 1079 270 C_memb D 20,15 6,09
XP_022869391.1  SMP 1 3 1326 1164 263 Cyt|Nucleus 2489 6,15
XP_022871447.1  LEA 2 2 1848 807 268  C_memb D 18,74 6,05
XP_022871461.1  LEA 2 1 933 933 260 C_memb SP|TD 18,74 6,05
XP_022872520.1  LEA 2 3 3 2430 1123 240  C_memb D 2271 627
XP_022873986.1  LEA 2 3 1260 1025 306  C_memb|LYSO/VAC SP|TD 19,32 6,1
XP_022875541.1  LEA 2 1 1 897 897 209  C_memb SP[TD 2356 6,09
XP_022875755.1  LEA 3 1 2 921 706 99  MD MTP 2671 623
XP_022876757.1 Dehydrin 5 2 958 753 175  Cyt|Nucleus NLS 2653 6,11
XP_022876768.1  LEA 1 5 2 1000 696 136 Cyt 21,96 6,4
XP_022878701.1  LEA 2 6 2 2437 934 223 C_memb SP[TD 2182 623
XP_022878798.1  LEA 2 1 4 4119 1066 234 C_memb SPITD 2234 642
XP_022878806.1  LEA 2 1 4 4119 1169 234 C_memb SP[TD 19,74 6,3
XP_022879111.1  LEA 2 1 4 4831 1317 289  C_memb|ER|LYSO/VAC SP|TD 17,29 597
XP_022879120.1  LEA 2 1 4 4831 1152 220  C_memb|ER|LYSO/VAC SP|TD 1691 594
XP_022881290.1  LEA 2 1 2 1333 1044 210  C_memb|LYSO/VAC SP[TD 21,94 6,07
XP_022882247.1  LEA 2 8 1 953 953 222 C_memb|LYSO/VAC SP[TD 1997 621
XP_022882268.1 LEA 5 8 2 609 536 110 Cyt|Nucleus NLSINES 22,81 6,36
XP_022883025.1  LEA 2 9 1 1027 1027 217 C_memb SP|TD 2327 6,19
XP_022883611.1 LEA 2 10 1 783 783 260 C_memb D 1862 6,04
XP 0228846251 LEA 2 10 1 1062 1062 252 C_memb D 1914 6,12
XP_022885703.1 Dehydrin 10 2 1005 887 180  Cyt|Nucleus NLS 19,73 622
XP_022885704.1 Dehydrin 10 2 943 828 148 Cyt|Nucleus NLS 19,73 622
XP_022885755.1  SMP 1 3 1190 1035 250  Cyt|Nucleus NLS 2309 631
XP_022886511.1 LEA 2 10 1 1923 1923 223 C_memb SP|TD 2356 6,25
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Table 1 cont.

XP_022887510.1  LEA 2 11 3 2854 1398 324  Cyt NLS 21,83 6,2
XP_022887511.1 LEA 2 11 3 2854 1392 322 Cyt NLS 21,83 6,2
XP_022887512.1  LEA 2 11 3 2854 1389 321 Cyt NLS 21,83 6,2
XP_022887839.1  LEA 2 11 1 1012 1012 208  C_memb SP|ITD 21,42 6,18
XP_022887840.1 LEA 2 11 1 1040 1040 260 C_memb TD 21,42 6,18
XP_022888469.1  LEA 2 11 1 1060 1060 237  C_memb TD 24,76 6,31
XP_022888912.1  LEA 2 11 2 899 834 277 C_memb SP|ITD 19,57 6,17
XP_022889217.1 LEA 2 11 2 3083 1148 274 C_memb SPITD 22,53 6,27
XP_022889488.1  LEA 1 11 2 742 567 124 Cyt|C_memb NLS 19,94 6,18
XP_022890720.1  LEA 2 12 1 1137 1137 268  C_memb TD 21,83 6,23
XP_022890958.1 LEA 5 12 2 630 519 90 Cyt|Nucleus NES 24,98 6,36
XP_022890959.1  LEA 5 12 2 614 512 90 Cyt|Nucleus NES 24,98 6,36
XP_022891618.1  LEA 2 12 3 2915 1343 167  C_memb|ER|LYSO/VAC SP|TD 23,42 6,23
XP_022891747.1 LEA 2 12 1 633 633 210 C_memb SPITD 23,31 6,27
XP_022891939.1  LEA 2 12 1 648 648 215 C_memb SP|ITD 21,89 6,18
XP_022892036.1 LEA 5 12 3 2076 507 94 Cyt|Nucleus 24,13 6,3
XP_022892037.1 LEA 5 12 3 2076 493 86 Nucleus NLS 24,13 6,3
XP_022892074.1 SMP 12 3 1136 963 270  Cyt 22,63 6,22
XP_022892120.1 LEA 5 12 2 659 547 90 Cyt|Nucleus NES 24,67 6,35
XP_022894413.1 Dehydrin 14 2 1195 1099 242 Cyt|Nucleus NLS 23,16 6,24
XP_022895516.1  LEA 2 15 2 1532 1304 167  Cyt 22,41 6,29
XP_022895517.1 LEA_2 15 2 1629 878 155 Cyt PTS 22,41 6,29
XP_022895786.1 LEA 2 15 1 841 841 211 C_memb|LYSO/VAC SPITD 21,72 6,21
XP_022896449.1 LEA_2 15 2 25104 546 152 Cyt NLS 20,38 6,14
XP_022896966.1  LEA 2 2 1 1046 1046 256  C_memb TD 21,93 6,23
XP_022897316.1 SMP 15 3 2343 991 238 Cyt 23,07 6,25
XP_022897382.1 Dehydrin 15 2 846 749 195  Cyt|Nucleus NLS 22,58 6,28
XP_022897396.1 LEA_3 15 2 694 412 102 MD MTP 20,43 6,17
XP_022898650.1 Dehydrin 16 2 1258 910 189  Cyt|Nucleus|C_memb NLS 22,43 6,24
XP_022898889.1  LEA 2 16 2 3556 2391 250  C_memb TD 22,14 6,26
XP_022898891.1  LEA 2 16 1 921 921 207  C_memb SPITD 22,14 6,26
XP_022898968.1 LEA 2 16 1 1072 1072 258 C_memb TD 21,72 6,21
XP_022899059.1  LEA 3 16 2 723 620 97 MD MTP 23,37 6,29
XP_022899240.1  LEA 2 16 1 528 528 175  C_memb SPITD 24,08 6,32
XP_022899358.1 LEA 2 2 1 873 873 210 C_memb SP|TD 23,81 6,3
XP_022899500.1  LEA 2 16 1 923 923 206  C_memb SPITD 23,12 6,25
XP_022899501.1  LEA 2 16 1 838 838 207 C_memb SP|TD 23,12 6,25

The acronyms represent the predicted subcellular localization and features of the LEA proteins. C_memb: Cell membrane
localization, SP: Signal peptide, TD: Transmembrane domain, MD: Mitochondrial domain, MTP: Mitochondrial transit
peptide, Cyt: Cytoplasmic localization, Nucleus: Nuclear localization, NLS: Nuclear localization signal, NES: Nuclear export
signal, ER: Endoplasmic reticulum localization, LYSO: Lysosome localization, VAC: Vacuole localization.

Gene Expression Analysis of LEA Proteins in Various Olive Tissues

The expression patterns of LEA proteins in different tissues provide essential insights into
their potential roles in plant development and stress response. To investigate the expression profiles of
LEA proteins across multiple tissue types, including leaf, root, stem, meristem, flower, and fruit,
RNA-seq data was analyzed, and a heatmap was generated (Figure 1). The heatmap illustrates the
differential expression levels of the identified LEA proteins, offering a comprehensive view of tissue-
specific expression and clustering patterns.
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In the current study, we analyzed the gene expression profiles of LEA proteins in different
tissues of olive, focusing on their expression patterns across fruit, flower, root, stem, leaf, and
meristem tissues. The heatmap provides a visual representation of the expression levels, allowing for
the identification of tissue-specific or broadly expressed LEA proteins. Several clear expression
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patterns emerged, highlighting the functional diversity and potential roles of these LEA proteins in
different developmental stages and tissue-specific stress responses.

A subset of proteins was identified as having higher expression in fruit tissue, with notable
examples including XP_022885755.1, XP_022869344.1, and XP_022869340.1. These proteins
exhibited consistently elevated expression in fruit, suggesting a role in fruit development or stress
responses during fruit maturation. Moreover, proteins such as XP_022889217.1 and XP_022898968.1
displayed equal expression in both fruit and flower, indicating a broader role in reproductive tissues.

Several LEA proteins were identified as flower-specific, showing predominant expression in
flower tissue, such as XP_022860835.1, XP_022897316.1, and XP_022873986.1. These proteins are
likely involved in protecting reproductive organs under stress conditions. Additionally, some proteins,
including XP_022854074.1 and XP_022898650.1, were classified as mostly flower-specific, where
expression is primarily observed in flower, but detectable to a lesser extent in other tissues.

In contrast, certain LEA proteins showed root-specific expression, such as XP_022878806.1
and XP_022875541.1, with significantly higher expression in root tissues. These proteins may play
essential roles in root development and stress adaptation, particularly in drought-prone environments
where root function is critical for water uptake.

Another group of proteins exhibited higher expression in stem, including XP_022887840.1
and XP_022879120.1, highlighting their potential involvement in structural integrity and stress
protection of supporting tissues. Several proteins were also expressed across multiple tissues, with
proteins such as XP_022898889.1 and XP_022871461.1 showing expression in stem, leaf, and
meristem. These broadly expressed proteins suggest a more general protective role across various
tissues, contributing to the plant’s overall stress tolerance mechanisms.

Phylogenetic Analysis and Expression Profiling of LEA Genes

To further investigate the evolutionary relationships and functional diversification of the LEA
proteins in olive, we performed a phylogenetic analysis, constructing a circular cladogram based on
the sequences of LEA proteins. This analysis provided insights into the clustering of LEA gene family
members and revealed their structural conservation across different subgroups. Additionally, we
integrated expression data from drought applications vs control, allowing us to examine the correlation
between gene evolutionary history and tissue-specific expression patterns (Figure 2).
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Figure 2. Phylogenetic tree of LEA proteins in olive with integrated differential expression
and domain architecture.

The phylogenetic tree in olive presents a comprehensive overview of the Late Embryogenesis
Abundant (LEA) gene family, integrating sequence similarity, conserved domain architecture, and
gene expression under drought conditions. Based on RNA-seq data, the tree reveals distinct patterns of
differential expression in response to drought, providing insights into the functional roles of specific
LEA subgroups.

Notably, the Dehydrins, represented by genes such as XP_022885704.1 and XP_022885703.1,
exhibit the highest levels of overexpression under drought stress, with log2 fold changes exceeding 6.
These findings are consistent with the well-documented role of Dehydrins in protecting cellular
structures from dehydration by stabilizing membranes and scavenging reactive oxygen species during
abiotic stress. Another overexpressed gene, XP_022885755.1, belongs to the SMP (Seed Maturation
Protein) family, further highlighting the involvement of multiple LEA subgroups in drought response.
The overexpression of SMP genes, such as XP_022864302.1, suggests a broader protective function,
potentially supporting both seed maturation and drought adaptation.

In contrast, certain LEA 2 genes, including XP_022862923.1, demonstrate a trend of lower
expression under drought conditions, with fold changes ranging from 0 to -4. This downregulation
indicates that not all LEA subgroups contribute equally to the plant’s drought stress response. The
differential expression patterns of LEA 2 genes could suggest a more specialized role, potentially
linked to tissue-specific functions or varying environmental stress responses.

Overall, the phylogenetic clustering aligns with the expression profiles, where specific
subgroups such as Dehydrins and SMPs form well-defined clades, exhibiting either high upregulation
or more moderate expression levels in drought conditions. The clustering of LEA_2 genes showing
different expression patterns further supports their distinct roles within the broader LEA gene family.
This analysis underscores the functional diversity within the LEA gene family and highlights key
genes that may play pivotal roles in enhancing drought tolerance in olive.
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Conclusion

This study presents a comprehensive analysis of the Late Embryogenesis Abundant (LEA)
proteins in olive, focusing on their phylogenetic relationships and expression profiles across various
tissues and in response to drought stress. Our findings provide new insights into the functional roles of
LEA proteins in olive, a species frequently exposed to harsh drought conditions, particularly in
Mediterranean climates.

In recent studies, the LEA gene family has been identified in multiple plant species,
showcasing a wide range of gene numbers. For instance, a comprehensive analysis in Juglans regia
identified 51 LEA members (Ma et al., 2023), while similar studies reported 73 in watermelon
(Altunoglu et al., 2017), 61 in melon (Altunoglu et al., 2017), and 108 in Brassica napus (Yu et al.,
2016). This variability in gene count across species suggests that gene duplication events and
evolutionary pressures have shaped the LEA gene family, allowing plants to adapt to their specific
environmental conditions. The classification of LEA proteins into various groups based on their
conserved motifs and amino acid sequences further emphasizes their functional diversity (Aziz et al.,
2021; Battaglia and Covarrubias, 2013).

In olive a total of 111 LEA proteins were identified, with LEA_2 being the most common
domain, comprising over 30% of the LEA family in olive. These LEA_2 proteins were distributed
across several chromosomes, with no clear clustering, indicating that LEA genes may have evolved
independently across the genome to provide widespread protection under diverse stress conditions.
The identified proteins also showed significant diversity in their exon count, genomic length, and
subcellular localization. The predominance of transmembrane domain-containing proteins (48
proteins) suggests that membrane stabilization plays a crucial role in the olive tree’s ability to survive
water deficit. Additionally, 20 proteins localized to mitochondria, highlighting the importance of
energy homeostasis under stress. These results align with previous reports on LEA proteins’ roles in
stabilizing cellular structures during dehydration (Hanin et al., 2011; Hundertmark and Hincha, 2008).

Our gene expression analysis revealed distinct tissue-specific expression patterns, which may
indicate specialized roles for LEA proteins in different parts of the plant. For instance, several LEA
proteins were highly expressed in fruit, including XP_022885755.1 and XP_022869344.1, suggesting
a potential role in fruit development and maturation under stress conditions. These findings are
consistent with the known protective functions of LEA proteins in reproductive organs (Sun et al.,
2021). In contrast, other LEA proteins were predominantly expressed in flowers, such as
XP_022860835.1 and XP_022897316.1. The high expression of these proteins in flowers may suggest
a protective role during pollination or seed formation, which are critical periods for drought-sensitive
crops like olive.

In root tissues, proteins such as XP_022878806.1 and XP_022875541.1 showed the highest
expression levels, highlighting their role in root adaptation to water scarcity. Given that roots are the
primary organs for water uptake, these proteins are likely involved in protecting root cells from
desiccation and ensuring continuous water transport. Similarly, LEA proteins like XP_022887840.1
and XP_022879120.1 were highly expressed in stems, where they may play a role in maintaining
structural integrity and facilitating water transport under drought stress.

The phylogenetic analysis revealed evolutionary conservation across different LEA subgroups,
with distinct clustering of LEA 1, LEA 2, LEA_3, and Dehydrin proteins. The most significant
finding from the phylogenetic tree was the high overexpression of Dehydrins, such as
XP_022885704.1 and XP_022885703.1, under drought conditions. Dehydrins are well-known for their
role in protecting plants from desiccation, and their strong upregulation in response to drought stress is
consistent with previous studies in other species (Brini et al., 2007; Hanin et al., 2011). Interestingly,
several SMP proteins, including XP_022885755.1, also showed significant overexpression during
drought, suggesting that these proteins may have broader roles beyond seed maturation, possibly
contributing to drought adaptation mechanisms in other tissues.

On the other hand, LEA_2 proteins exhibited more variable expression, with some, like
XP_022862923.1, showing downregulation under drought conditions. This variability could indicate
that LEA_2 proteins are more specialized, potentially fulfilling tissue-specific roles or responding to
types of stress. Further functional studies will be required to determine the precise mechanisms
through which these proteins contribute to stress tolerance.
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In conclusion, this study sheds light on the functional diversity and evolutionary history of the
LEA gene family in olive. The integration of phylogenetic analysis with gene expression data provides
a clearer understanding of how different LEA subgroups contribute to drought tolerance across various
tissues. Future research should focus on the functional characterization of key LEA proteins,
particularly those that are highly expressed in drought-sensitive tissues such as roots and reproductive
organs. These findings could inform breeding programs aimed at improving the resilience of olive and
other drought-prone crops through the targeted manipulation of LEA genes.
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Abstract

Bozcaada is renowned for its vineyards and wines. The island is located in the northeast of the Aegean
Sea, in the southwest section of the Marmara region in Turkey. It is the third largest island in the Aegean Sea
after Gok¢eada and Marmara Islands. The dominant crops are grapevines, legumes, cereals, and fruits. The total
vineyard area in Bozcaada is 11.850 ha, which covers 1/3 of the island and 80% of the agricultural lands. The
two main factors that support viticulture and winemaking on the island are the unique soil types and the climate
conditions, especially the north winds that determine the optimal diurnal temperature variation for viticulture.
The island is unique for its viticulture and is characterised by its “terroir”. Terroir is a French word that describes
how the interaction of the soil, terrain, and climate effect the vine, and how the combination of this effect with
the human factor and viticulture management practices influence the quality of the grapes. In this study,
qualitative and quantitative land evaluation tools were implemented to assess the lands and to suggest the most
suitable rootstocks and varieties to winemakers. The land evaluation model uses climate, soil, and terrain
indicators to evaluate the suitability of the soil-mapping units to the rootstocks and vine varieties. A detailed soil
map was produced and has been implemented into the process together with other soil characteristics and
climatic/topographic indicators. GIS and remote sensing tools have been used to create the soil map and input
layers. Aspect, slope, and elevation layers were produced using the ArcGIS 3D Analyst tool from SRTM
(Shuttle Radar Topographic Mission) data distributed by the Joint Research Centre together with the
International Centre for Tropical Agriculture in Colombia. The SRTM digital elevation data, originally produced
by NASA, is a major breakthrough in digital mapping and provides high quality elevation data for mapping and
survey studies. Soil plays an important role in land evaluation and site selection, especially in site assessment for
vineyards as the soil use to grow vines effects the fruit quality and flavours of wines. A detailed soil map of the
island was produced to provide high quality soil data to be used in the land evaluation model. In this study, the
components of the terroir concept and their complex relationships have been analysed to evaluate the land
resources of the study area and several indices have been calculated for use in the land evaluation model, these
are: Branas Heliothermic Index, Huglin Heliothermic Index, Cold Night Index, Winkler Index (IW), Jackson and
Cherry Index, Riou's Drought Index, and Jones Index.
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Bozcaada’da (Tiirkiye) Terroir Odakh Bagcilik Mikro Zonlamasi
Oz

Bozcaada iiziim baglar1 ve saraplariyla iinliidiir. Ada, Ege Denizi'nin kuzeydogusunda, Tirkiye'de
Marmara bolgesinin gilineybati kesiminde yer almaktadir.. Baskin {iriinler asma, baklagiller, tahillar ve
meyvelerdir. Bozcaada'da toplam bag alan1 11.850 ha olup adanin 1/3i ve tarim arazilerinin %80'i
kaplamaktadir. Adada bagcilig1 ve sarap yapimini destekleyen iki ana faktdr, benzersiz toprak tiirleri ve iklim
kosullari, 6zellikle de bagcilik i¢in en uygun giinliik sicaklik degisimini belirleyen kuzey riizgarlaridir. Ada,
bagcilik agisindan benzersizdir ve “terroir” ile karakterize edilir. Terroir, toprak, arazi ve iklim etkilesiminin
asmay1 nasil etkiledigini ve bu etkinin insan faktorii ve bagcilik yonetimi uygulamalariyla birlesiminin tiziimiin
kalitesini nasil etkiledigini anlatan Fransizca bir kelimedir. Bu ¢alismada arazilerin degerlendirilmesi ve sarap
iireticilerine en uygun anag ve ¢esitlerin dnerilmesi amactyla niteliksel ve niceliksel arazi degerlendirme araglari
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uygulanmistir. Arazi degerlendirme modeli, toprak haritalama birimlerinin anaglara ve asma cesitlerine
uygunlugunu degerlendirmek icin iklim, toprak ve arazi gostergelerini kullanir. Ayrmtili bir toprak haritasi
olusturulmus ve diger toprak Ozellikleri ve iklimsel/topografik gostergelerle birlikte siirece uygulanmistir.
Toprak haritasi ve girdi katmanlarinin olusturulmasinda CBS ve uzaktan algilama araglart kullanilmistir. Baka,
egim ve yiikseklik katmanlari, Kolombiya'daki Uluslararasi Tropikal Tarim Merkezi ile birlikte Ortak Aragtirma
Merkezi tarafindan dagitilan SRTM (Shuttle Radar Topographic Mission) verilerinden ArcGIS 3D Analyst araci
kullanilarak {iretilmistir. Orijinal olarak NASA tarafindan iiretilen SRTM dijital yiikseklik verileri, dijital
haritalamada biiyiik bir atilimdir ve haritalama ve arastirma ¢aligmalar igin yiiksek kaliteli yilikseklik verileri
saglar. Toprak, arazi degerlendirmesinde ve yer seciminde, 6zellikle iiziim baglari i¢in yer degerlendirmesinde
onemli bir rol oynar. Ciinkii asma yetistirmek i¢in toprak kullanimi meyve kalitesini ve saraplarin lezzetini
etkilemektedir. Arazi degerlendirme modelinde kullanilmak {izere yiiksek kaliteli toprak verileri saglamak
amaciyla, adanmn detayli toprak haritasi iiretilmistir. Bu caligmada, caligma alaninin arazi kaynaklarinin
degerlendirilmesi amaciyla bdlgesel kavraminin bilesenleri ve bunlarin karmasik iliskileri analiz edilmis ve arazi
degerlendirme modelinde kullanilmak {izere ¢esitli endeksler hesaplanmistir. Bunlar; Branas Heliothermic Index,
Huglin Heliothermic Index , Soguk Gece Endeksi, Winkler Endeksi (IW), Jackson ve Cherry Endeksi, Riou
Kuraklik Endeksi ve Jones Endeksidir.

Anahtar Kelimeler: Bozcaada, Terroir, Bagcilik, Bagcilik zonlamasi, Arazi degerlendirme

Introduction

Successful viticulture begins with land selection. For commercial purposes, land selection is
the most important decision in the overall process, as this decision influences profitability and
production for the next 30 to 40 years (Kurtural et al., 2008). The basic components to be taken into
account when making this decision are climate, soil, and topography. In this study, the components of
the terroir and the complex relationships between those components and how the soil, climate, and
topography are used in the selection of the vineyards were examined in many aspects. By studying
these relationships and using scientific data, the lands of Bozcaada, which have a long history of
winemaking and a high potential for the future, were evaluated within the concept of terroir.

According to Robert White (2009), unlike all other products, the taste and flavor of wine is
directly related to the soil. In his study "Terroir: At the Heart of Geography", Unwin says that the
French term “terroir”, which is defined as “land” in most language dictionaries, is actually a much
more complex and comprehensive term that refers specifically to the complex relationship between
land and geology, soil, climate, geomorphology, and vegetation (Unwin T., 2012).

Climate is crucial for vines as it is for all agricultural plants. Extreme temperatures during
summer and winter months limit vegetative growth and shorten the lifespan of vines to a significant
extent. Climate can also positively or negatively affect the yield and quality of fruits (IAGT, 2014).
When considering the climatic parameters according to IAGT 2014, sufficient length of vegetation
period, sunshine and temperature, plant nutrients, sufficient water sources, and drainage factors come
into prominence for viticulture. In terms of viticulture, climate is based on three indicators:
macroclimate (at the district level), mezoklima (at the parcel level), and microclimate (at the vine
level) (Carbonneau, 2001). Taking into account the bio-ecological potential of the vine, the
relationship between climate demands and biological reactions has been transformed into numerical
indicators and expressions called indexes. Using these indicators, the numerical limits on the quality of
viticulture, and whether or not viticulture could be performed in a geographical region, are obtained
(Bahar et al., 2010).

The main components of viticulture activity are geographic and topographic components,
which are comprised of geographical location, aspect, elevation, and slope. Considering that
viticulture is generally performed in the northern hemisphere between the latitudes of 11 and 55
(primarily between the latitudes of 30 and 50) (Celik et al., 1998), it is feasible to say that Bozcaada is
a suitable location for wine and table wine production. The latitude is important since this aspect
determines the arrival angle of the sunlight over the vineyard area and directly affects the total
temperature budget. Even if the area where the vineyard is built is in a temperate zone, the vineyard
should receive direct sunlight for at least part of the day. In viticulture, the regions with all the right
aspects provide optimum benefit. The morning sun provides the necessary light for photosynthesis at
the right time, while quickly condensing moisture from the fruit and leaves. Areas having their aspects
to the south and west orientations become hot during the spring and budding occurs earlier than in
vineyards with aspects to the north. Height is one of the most important topographic components for
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viniculture. When talking about height, the height above sea level and the relative height are both
significant. The relative height refers to the height of the vine area relative to its circumference, and is
one of the important parameters that determine the degree of cold damage in winter months. On the
other hand, slope is an important feature for viticulture, as it determines the effect of other important
terroir components, such as soil and climate characteristics, on the vine. While mild to moderate
gradients (5-10%) are preferred for rapid removal of cold air in viticulture, higher gradients than these
values are not desirable as they can lead to erosion (Kurtural et al., 2008).

One of the most basic and irreversible decisions in viticulture is the selection of a location.
The selection of rootstocks and types to be planted should be based on topographic, climatic variables
and the results of a physico-chemical analysis of the soil. Therefore, it is necessary that the rootstock
and type should be in harmony with climatic conditions, physiographic structure, soil fertility, and
structure of the region. This study has been carried out in Bozcaada, where the non-purpose use of
land, under the name of vineyard house, has increased rapidly in recent years and the fertile
agricultural land has been rapidly destroyed. In this study, Bozcaada lands were surveyed and a
detailed basic soil map was prepared at a scale of 1:10.000. By using climatic and topographic
characteristics, land evaluation for viticulture has been developed. In recent years, the concept of
"viticultural zoning" has been mentioned frequently when evaluating sites for vineyards. Vaudour
describes it in his book "Les Terroirs Viticoles - Définitions, Caractérisation et Protection" as a
separation of regions according to their characteristics for the production of grapes and wines
(Vaudour, 2003). As a result of this study, the basic components used in the study and separated into
zones, were determined as soil, topography, and climate.

Material and Method

Bozcaada is an Aegean island with an area of approximately 36 km? and a population of 2,465
(2012), according to the census made by the Turkish Statistical Institute (TUIK) with the "Address
Based Population Registration System" (ADNKS). Bozcaada, a district of Canakkale province, is
located in the Marmara Region, in the south-western Marmara sub-region, to the northeast of the
Aegean Sea (Figure 1).
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Figure 1. Geographical location of work area

Bozcaada is famous for its wine grapes and wines. Most of the island is covered with vineyards. A
small amount of cereals, legumes, and fruit are also grown. The island is an important place when it
comes to growing wine grapes. What makes Bozcaada so special for wine can be described as
“terroir”. Bozcaada is a natural extension of the Biga Peninsula and shares both geological aspects and
topographical features of that region. The main geological units of the island are Palaeozoic schist and
marble, ophiolites formed by submarine volcanism, the red coloured basal conglomerates of Eocene
(which uncomfortably overlie these basic units), limestone, sandstone, marl and clay stones in the
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flysch facies, the conglomerate, sandstone, and macrotric limestone of the Miocene, and red and pink
coloured andesite.

The climate of Bozcaada is affected by its location in the northeast Aegean Sea, where it is
influenced by the Mediterranean and Thrace. For this reason, the winter months are mild and the
summer months are generally dry and hot. According to data obtained from the island’s
meteorological station belonging to the General Directorate of State Meteorological Services, from the
32-year period from 1975 to 2006, the annual average temperature of the island was calculated at 16.8
C and annual precipitation at 497 mm. The altitude of the Bozcaada meteorology station is 28 meters,
whereas the average altitude on the island is 39 meters. The station’s geographical coordinates are
39.50 latitude and 26.04 longitude. The basic temperature and annual precipitation parameters
calculated from the data obtained by the General Directorate of State Meteorological Services are
presented in Table 1.

Table 1. Basic meteorological data for the study area

I 1 11 v Vv Vi Vil Y“ IX X Xl i(l
Monthly Average Temperature °C 83 82 98 6133' 173 215 23 23 50' 36' %2' 9.8
Monthly Average High o 10. 10. 12. 16. 26. 23. 19. 15.
Temperature C 6 7 5 6 206 251 264 2 9 6 2 12
. o 19. 20. 25. 26. 36. 32. 3L 21.
Monthly High Temperature C 6 9 9 3 315 353 354 3 4 > 26 5
Monthly Average Low oc 59 58 71 9 142 181 198 20 M ¥ 10 .4
Temperature 7 9 4 4
Monthly Low Temp. °c -5 -7 ;1 7 2 61 91 143 15 12 46 1 s 4
S 67. 57. 53. 39 19. 26. 70. 86.
Monthly Average Precipitation ~mm 8 9 4 1 232 108 58 5.4 3 5 8 1
. hour 24 35 45 72 104 105 105 10. 74 44 35
Monthly Avarege Sunshine s 6 4 9 5 7 3 7 4 9 4.3 6 6

The elevation, aspect, and slope data (Figure 2a, b, ¢, d) of the island were generated using
SRTM’s 90m (Shuttle Radar Topographic Mission) data from the European Commission Joint
Research Centre (EU-JRC) and International Tropical Agriculture Centre (Jarvis and Ark, 2008).
SRTM digital elevation data is produced by NASA and is widely used in digital mapping projects. The
elevation model’s resolution, which was originally 90 meters, has been reduced to 100 meters for
convenience in calculation by using ArcGIS Spatial Analyst Aggregate tool. SAGA GIS, ArcGIS 10.2
and Spatial Analyst, 3D Analyst, and Geostatistical Analyst extensions were used to create layers for
topographical elements (ESRI, 2014 and SAGA GIS, 2014).
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Figure 2. Slope (a), Aspect (b), Elevation (c) maps and Elevation profiles of the study area - East-West, North-
South (d)

The soil layer, which is the most basic aspect of land evaluation studies for viniculture,
directly affects many properties from site selection to healthy development of grapevines to fruit
quality to the taste of the wine. For these reasons, the soil characteristics of the existing vineyards, and
the vineyards yet to be planted, need to be known in detail. Soil map was also produced in this study,
which is one of the main components of the Bozcaada’s terroir and the part of the land evaluation
model. The detailed soil map, which determines the soil attributes and soil zones used in the model.
The detailed soil map defines the boundaries and zones of the soil series. The physical and chemical
results of the soils, topography, and climatic elements were used as inputs in the rootstock suitability
maps.

Land Evaluation Model and Methodology

In order to be able to evaluate the soil of the working area for viniculture, several features are
required: the formation of the necessary infrastructure, detailed analysis of geographical layers of
topography, soil and climate (which are the main components of the terroir concept), the relationships
between these layers, and a detailed analysis of the effects of said relationships and individual layers
on the selection of rootstock and type.

A pixel-based (100x100m) spatial land assessment model was constructed using high-
resolution topographic features of the study area and soil properties which were derived from the
detailed soil map and, laboratory analysis of the soil samples (Yigini and Ekinci, 2023). To create the
evaluation model, a grid with a resolution of 100x100 meters was created to cover the entire study area
and the land evaluation model was built on this grid, which divides the island into 100x100 meter land
cells. Basically, each element (pixel) represents a piece of land having with an area of 10,000 square
meters. In order to form the land evaluation model, the attributes and sub-attributes that constitute the
terroir of each pixel come from the soil, climate, and topographic layers obtained from auxiliary layers
(Figure 3).
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Figure 3. Workflow diagram for viticultural zoning

Soil Layer

Soil, which has an important role in selection of rootstocks and types, is observed in the soil
layer in the land evaluation section of the study. The soil attributes consist of data from the land
surveys and the detailed soil map. The data representing the soil layer was transferred to the pixels in
two ways:

1. The soil profile analysis results representing the soil series were spatially transferred to the
100x100 meters pixels.
2. The soil parameters, which are suitable for interpolation with geo-statistical methods, were

converted to raster data sets with a resolution of 100x100 meters using the profile analysis results by
co-kriging method. The data contained in the raster prediction maps generated in this way are carried
to the pixels prepared for the land evaluation study.

Each of the pixels forming the grid-based map prepared for the land evaluation model are
assigned to data coming from the topographic, climate, and soil layers, according to its location. The
database, created in this way, was also evaluated by software to compare and analyse the prepared
rootstock tables with their ecological requirements and to determine the ranking scores. Thus, it
became possible to determine how suitable the each pixel for each of the selected rootstocks, taking
into account all the components of the terroir. As a result of the evaluations made, ranking tables were
created in the database for the selected rootstocks and these tables were used to generate the suitability
maps.

Topography Layer

The topography layer has important parameters for viniculture. The island's basic topographic
elements were created using the SRTM 100m digital elevation model in the ArcGIS 10.2, SAGA GIS,
and Global Mapper software programs. The 100-meter resolution slope, elevation, and aspect data of
the study area was generated in raster format. This data was used in the land survey and mapping
studies, as well as in land evaluation studies. To provide input to the land assessment model, the slope,
height, and aspect values are transferred to each pixel of the grid data that constitutes the study area by
using the ArcGIS "Zonal Statistics™ tool.

Climate Layer

The climate layer holds the meteorological parameters, which represent long term averages of
data. The Meteorological Station in Bozcaada of the General Directorate of State Meteorological
Services, which has been observing meteorological conditions for 32 years.
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Since there is only one station on the island, the meteorological data is assumed to be the same
throughout the study area. Climate, data were analysed by using the indices calculated from the
meteorological data. These indices were mainly used for the variety suggestion in the study area. The
calculated indices are; Branas Heliothermic Index (Branas, 1974), Huglin Heliothermic Index (Bahar,
2010, Vaudour, 2003, Steel, 2007; Carbonneau et al., 2007), Latitude-Temperature Index (Bahar et al.
2010, Steel, 2007), Drought Index (Celik et al., 2007), Cool Night Index (Tonietto, 1999), Degree-
Day Indicator (Bahar et al. 2010), and the Jones Index (Jones, 2007) (Table 2).

Table 2. Climate derivatives used in the index calculations

Parameter Value Unit
Latitude 39.50 -
Longitude 26.00 -
Elevation 28.00 m
Vegetation period (111V--30/X) 210 days
Sunlight (V.Per.)  (1/1V--30/IX) 1701.30 hours
Anuual Total Precipitation (1/IV--30/1X) 465.80 mm
Precipitation in the vegetation period (1/1V--30/1X) 103.60 mm
Total Active Temperature (2/1v--30/1X) 3573.00 °C
Total Temperature  (1/1V--30/1X) 1980.00  degree-days

Results and Discussion

The location of Bozcaada in the Aegean Sea, and the humid/cool N, NNE and NE winds in
general, creates favourable conditions for viticulture. Climate, which is one of the basic elements of
land evaluation, is evaluated in the light of indices calculated using meteorological data. These indices
are the Branas Heliothermic Index (Branas, 1974), Huglin Heliothermic Index (Bahar, 2010; Vaudour,
2003; Steel, 2007; Carbonneau et al., 2007), Latitude-Temperature Index (Bahar et al. 2010; Steel,
2007), Drought Index (Celik et al., 2007), Cool Night Index (Tonietto, 1999), Degree- Day Indicator
(Bahar et al. 2010), and the Jones Index (Jones, 2007). While the rootstock suggestions are the main
product of this study, soil zones oriented variety suggestions were also made using the
abovementioned climatic indices (Table 3).

Table 3. Calculated climatic indices in the study area

Index Value
Branas Heliothermic Index 6.08

Huglin Heliothermic Index 2109.87
Latitude-Temperature Index 471.50
Drought Index 0.29

Cold Night Index 14°C - 18°C
Winkler Index 1980

Jones Index 19.43

The variety suggestions were made only to the soil zones since the study area is relatively
small (36 km?) and the climate data were obtained from the only meteorological station in the area.
The suggested varieties are; Altesse, Cabarnet Franc, Caladoc, Cinsaud, Cot, Gamay, Grenach Blanc,
Mauzac, Merlot, Negrette, Nielluccio, Roussanne, Servant and Tempranillo. Within the scope of the
study, the basic ecological requirements of the rootstocks were included in the land assessment model
and their suitability for the study area was evaluated and mapped. These rootstocks were determined
by assessing the soil resources, topographic characteristics, and climate parameters of the island
together in a GIS environment. The 19 rootstock suitability maps created within the scope of the study
have been presented using basic colours to make them easily understandable and evaluable by non-
scientific community and the farmers in the area. Suitability maps for the selected rootstocks (Fercal,
Salt Creek, 110-R, 1616-C, Berlandieri, 140-Ruggeri, 420-A, 3309-C, 44-53, 5C, SO4, 8B, 99r, 5BB,
Dodridge, 41-B, Gravesac, and 1103-P). Some of these are presented in Figure 4.
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In this study, the components of Bozcaada’s terroir have been examined in detail and revealed
in all aspects. The soil has been assessed, using the data regarding topography and climate
components, and suitable rootstocks for the island soils have been determined. The land evaluation
model presented in this study is a mathematical model supported by literature and expert opinions.
Before these suggestions are put into practice, the advice of viniculture experts should be received and
land trials and economic analyses should be done. In this study, the soil resources and
climate/topographic components of the study area were examined in detail and their relationship with
each other was also examined and evaluated for viniculture. As the geographical land evaluation
model utilized in this study is easy to reproduce and change, it is quite easy to add new rootstocks into
the system. Suggestions can be made on the parcel scale by including the resulting suitability maps
and linked database together with cadastral layer.
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Figure 4. Rootstocks and suitability maps included in the land evaluation model.
Figure 4. Rootstocks and suitability maps included in the land evaluation model.
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Arastirmacilarin Katki Oran1 Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamig olduklarini beyan eder.

Cikar Catismasi Beyam
Makale yazarlari aralarinda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.
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“COMU ZIRAAT FAKULTESI DERGISI” YAYIN iLKELERI VE
YAZIM KURALLARI

Yayin ilkeleri

“COMU Ziraat Fakiiltesi Dergisi” (COMU Ziraat Fak. Derg.), tarim alaninda yapilmis ulusal
ve uluslararas1 6zgilin arastirma makalelerinin yam sira bilimsel, teknolojik yenilik ve yontemleri
sunan derleme niteligindeki ¢aligmalar1 yaynlar.

Dergi yilda iki defa ¢ikartilir. “Yaym Kurulu'nun” karar1 dogrultusunda bu say1
degistirilebilir. Makaleler oncelikle “Yaym Kurulu Baskani” tarafindan 6n incelemeye tabi tutulur.
“Yaym Kurulu”, dergide yayinlanabilecek nitelikte bulmadigi makaleleri ret etme hakkina sahiptir.
Degerlendirmeye alinan makaleler, incelenmek iizere biri dergi “Damgsma Kurulu” iiyesi olmak iizere,
2 hakeme gonderilir. Makalelerin yayina kabulii, hakem goriisleri dogrultusunda “Yayin Kurulu”
tarafindan karara baglanir. Makalelerin dergideki yayn sirasi, makalelerin dergiye gelis ve kabul tarihi
dikkate alarak “Yayin Kurulu” tarafindan saptanir.

Dergide yayimnlanacak makaleler “Tiirkge” veya “Ingilizce” yazilabilir, aym dergide, bir
yazarin ilk isim olarak en fazla 2 adet makalesi yayinlanabilir, yaymlanan makalelere telif {icreti
O0denmez. Biitlin makaleler dergi yazim kurallarina gére yazilmalidir. Yazim kurallarma uygun
olmayan makaleler, diizeltilmek tizere sorumlu yazara iade edilir. Sorumlu yazarin posta ve e-posta
adresi makalenin ilk sayfasi sonunda belirtilmelidir. Sorumlu yazar tarafindan gonderilen makalenin
ne tiir bir ¢alisma oldugu agiklanmalidir.

Sorumlu yazar, 2 niisha makale ¢iktis1 ile birlikte, ¢alismalarinin baska yerde
yayinlanmadigin1 ve bagka dergiye yayinlanmak iizere gonderilmedigini belirten imzali bir belge
sunmalidir. Ayrica yazarlar, yaym haklarin1 “COMU Ziraat Fakiiltesi Dergisi’ne” verdiklerine dair
“Telif Haklar1 Formu’nu” imzalamalidirlar. Yayinlanmak tizere dergiye gonderilecek makaleler
ve makalede yer alan bitin sekil, resim ve ¢izelgeler derginin e-posta adresine
(ziraatdergi@comu.edu.tr) génderilmelidir.

Makaleler; ‘Lisans Bitirme Tezi’, ‘Yiiksek Lisans Tezi’, ‘Doktora Tezi’ veya projeden
iiretilmis ise makalede dip not olarak belirtilmelidir. Dergide yayinlanacak yazilarin her tiirlii
sorumlulugu yazar(lar)ma aittir.

Yazim Kurallar

Makaleler 8 sayfay1r gecmeyecek ve sayfa kenarliklar1 her yonden 2,5 cm olacak sekilde
hazirlanmalidir. Bununla birlikte yazarlar tarafindan 6zellikle belirtildiginde, “Yayin Kurulu’nun” izin
vermesi durumunda sayfa sayisi arttirilabilir. Paragraflar ise 1,25 cm igeriden baslamalidir.

Dergiye yaymlanmak iizere gonderilen bir makale su ana basliklardan olugmalidir;

* Baslik,

* Yazar(lar) adi, soyadi,

* Ozet ve Anahtar kelimeler,

« Ingilizce baslik ve Anahtar kelimeler,

* Giris,

* Materyal ve Yontem,

* Bulgular ve Tartigsma (ayr1 ayr1 da sunulabilir),

» Sonug ve Oneriler,

» Kaynaklar.

Baslik: Koyu renkte ‘Times New Roman’ 14 punto ve basliktaki her kelimenin ilk harfi biiyiik
olacak sekilde tek satir aralig1 ile sayfaya ortali olarak yazilmali ve 15 kelimeyi gegcmemelidir.

Yazar Adlart: ‘Times New Roman’ 11 punto, koyu, tek satir araliginda, yazarlarin agik adlari
unvan belirtilmeden, ad ve soyadlarin ilk harf biiyiik olacak sekilde, sayfaya ortali olarak yazilmalidir.
Soyadlarin bittigi en son karakter {izerine iissel olarak rakam ile yazar adresine ve e-posta adresine
atifta bulunulmalidir. Yazar adresleri ve sorumlu yazarin e-posta adresi yazar adlarinm hemen altina
dipnot olarak ‘Times New Roman’ 9 punto ve sola yaslanmis olarak yazilmalidir.



Ozet ve Anahtar Kelimeler: Tiirkge ve Ingilizce 6zetlerin her biri 200 kelimeyi gegmemelidir.
Ingilizce 6zet baghgi ‘Times New Roman’ 12 punto ve tek satir araliginda ortali olarak yazilmalidir.
Tiirkce ve Ingilizce 6zet, ‘Times New Roman’ 10 punto ve tek satir arah@inda iki yana yash sekilde
hazirlanmalidir. Tiirkge yayinlarda genis bir Ingilizce, Ingilizce yayinlarda ise genis bir Tiirkge 6zete
yer verilmelidir. Ozetlerden hemen sonra 6zetle aym dilde ilk harfleri biiyiik olmak iizere kiigiik
harflerle 6 kelimeyi gegmeyecek sekilde anahtar kelime sola dayali olarak yazilmalidir.

Girig: Daha once yapilmis temel arastirmalar ile caligmanin 6nem, amag ve konusunu belirten
bir kompozisyon icermelidir. Biitiin alt bagliklar ve metin kismi ‘Times New Roman’, 11 punto ve tek
satir araliginda iki yana yash olarak yazilmaldir.

Materyal ve Yontem: Calismanin ileriki donemlerde tekrarma imkan verecek diizeyde bilgi ve
kaynak igerecek sekilde yazilmali, makalede kullanilmis olan biitiin yontemler detayli bir sekilde
aciklanmalidir. Biitiin alt bagliklar ve metin kismu ‘Times New Roman’, 11 punto ve tek satir
araliginda iki yana yasl olarak yazilmalidir.

Bulgular ve Tartisma: Bu boliim istenirse Bulgular ve Tartigma olarak iki kisimda da
incelenebilir. Elde edilen bulgular verilmeli, gerekirse ¢izelge ve sekillerle desteklenerek
aciklanmalidir. Cizelgeler miimkiin oldugunca istatistiki olarak ifade edilmelidir. Bulgular tartigilmali,
bulgularin baska arastirmalarla benzerlik ve farkliliklari verilmeli, nedenleri agikca tartisilmalidir.
Biitiin alt bagliklar ve metin kism1 ‘Times New Roman’, 11 punto ve tek satir araliginda iki yana yaslh
olarak yazilmalidir.

Sonug ve Oneriler: Elde edilen sonuglarm bilime ve uygulamaya katkisi &nerilerle birlikte
vurgulanmalidir. Calisma sonuglar1 net bir sekilde ifade edilmelidir. Biitiin alt basliklar ve metin kismi
‘Times New Roman’, 11 punto ve tek satir araliginda iki yana yash olarak yazilmalidir.

Tesekkiir: Gerekli ise miimkiin oldugunca kisa olmalidir. ‘Times New Roman’, 9 punto ve tek
satir araliginda iki yana yasl olarak yazilmalidir.

Kaynaklar: Kaynaklar makale sonunda, yazarlarin soyadlari esas alinarak alfabetik olarak ve
orijinal dilinde 1,25 cm asili olacak sekilde verilmelidir. ‘Times New Roman’, 10 punto ve tek satir
araliginda iki yana yasli olarak yazilmalidir.

Kaynaklarin Verilis Sekilleri

Makaleler

Kendirli, B., 2001. Harran ovasi sulama birliklerinde antepfistiginin sulama planlamasi.
Ankara Universitesi, Ziraat Fakiiltesi, Tarim Bilimleri Dergisi. 7: 114-120.

Wang, T.L., Domoney, C.L., Hedley, R., Grusak, M.A., 2003. Can we improve the nutritional
quality of legume seeds. Plant Physiol. 131 (2): 886-891.

Dardeniz, A., Gokbayrak, Z., Miiftiioglu, N.M., Tiirkmen, C., Beser, K., 2008. Cane quality
determination of 5BB and 140Ru grape rootstocks. Europ. J. Hort. Sci. 73 (6): 254-258.

Kitaplar

Celik, H., Agaoglu, Y.S., Fidan, Y., Marasali, B., Soylemezoglu, G., 1998. Genel Bagcilik.
Sunfidan AS Mesleki Kitaplar Serisi: 1. 253 s. Ankara.

Kongre ve Sempozyumlar

Sabir, A., Ozdemir, G., Bilir, H., Tangolar, S., 2005. Asma fidani iiretiminde iki farkli
kaynastirma ortami ile bazi anaglarin as1 basarisi ve fidan randimanina etkileri. Tiirkiye 6. Bagcilik
Sempozyumu. Bildiriler Cilt: 2. 440—-445. 19-23 Eyliil, Tekirdag.

Tezler

Onder, M., 2012. Baz sofralik {iziim cesitlerinde yillik dal kalitesi ile kis gdzii verimliligi
arasindaki iliskilerin belirlenmesi. COMU Fen Bilimleri Enstitiisii, Bahce Bitkileri Anabilim Dals,
Yiiksek Lisans Tezi. 63 s.

Internet

Eger bir bilgi herhangi bir internet sayfasindan alinmis ise (internetten aliman ve dergilerde
yayinlanan makaleler hari¢), kaynaklar boliimiine internet sitesinin ismi ve alim tarihi eksiksiz olarak
yazilmali, Tiirkge olanlar “Anonim”, Ingilizce olanlar “Anonim” olarak isimlendirilmelidir.

Kaynaklarin Metin Icerisinde Verilis Sekli

Tek yazarl bir ¢alisma kaynak olarak verilecekse;

....................... maddesi bitkilerde 6liime neden olmaktadir (Jansen, 2003).

Jansen (2003) tarafindan, ....................... olarak bildirilmistir.



Iki yazarli bir caligma kaynak olarak verilecekse;

................................................ olarak bildirilmistir (Jansen ve Danny, 2003).

Jansen ve Danny (2003)’ye gOre,........c.vvvvvvnnnnn olarak bildirilmigtir.

Uc veya daha fazla yazar séz konusu ise;

................................................ olarak bildirilmistir (Jansen ve ark., 2003).

Jansen ve ark. (2003)’na gOre,........ooveeviiiiiiiniiinnnnnn. olarak bildirilmistir.

Metin igerisinde birden fazla kaynak gdsterilecekse tarih sirasina gore verilmelidir;

................................................ olarak bildirilmistir (Cochran, 1961; Landen, 2002).

Ayni yazarin ayni yilda birden fazla yaymi metin icinde kaynak gosterilirse a ve b olarak
ayrilmalidir;

................................................ olarak bildirilmistir (Jansen, 2003a; Jansen, 2003b).

Yazilan kaynak bir bagka kaynaktan alinmig ise asil kaynak climle basina, alinan kaynak ise
climle sonuna yazilmalidir.

Bakar (1952) tarafindan ............... ........... bildirilmistir (Gelir, 2003).

Sekil ve Cizelgeler

Cizelge disinda kalan fotograf, resim, ¢izim ve grafikler “Sekil” olarak verilmelidir. Sekiller
net ve ofset baski teknigine uygun olmali, resimler TIFF veya JPEG formatinda olmalidir. Her ¢izelge
ve sekil, metin i¢inde atif yapildiktan sonra verilmelidir.

Tim ¢izelge ve sekiller makale boyunca sirayla numaralandirilmalidir (Cizelge 1. ve Sekil 1.).
Sekil ve cizelgeler yazim alani dahilinde olmalidir. Cizelge basliklar1 ¢izelgenin {istiinde; sekil
basliklar1 ise seklin altinda, iki yana yasli olmali, ¢izelge ve sekil basliklar1 ‘Times New Roman’, 10
punto olmali koyu yazilmamalidir. Cizelge ve sekillerdeki yazilar en fazla 8 puntoya kadar
kiigiiltiilmelidir. Cizelge de agiklanmak istenen alt bilgiler 9 punto olarak verilmelidir.

Birimler ve Kisaltmalar

Kisaltma ve semboller metin igerisinde ilk kez kullamildiginda agiklanmalidir. Kisaltmalar
makalenin bagliginda ve alt basliklarinda kullanilmamalidir.

Formiiller

Formiiller sirasina goére numaralandirilmali ve formiil numarasi formiiliin yanina saga dayal
olarak gosterilmelidir.
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