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Fehmi TEKIN, Nafiye UNAL

KORKUTELI EKOLOJiK KOSULLARINDA YETISTIRILEN
CILEKLERIN VERIM VE KALITESi UZERINE DEGISIK CESIT
VE YETISTIRME SISTEMLERININ ETKILERI

0z

Bu caligmada, Antalyanin Korkuteli ilcesinde yetistirilen ¢ileklerin verim ve
kalitesi tizerine degisik cesit ve yetistirme sistemlerinin etkileri incelenmistir. Bu
amagla, 2019-2021 yillar1 arasinda yiiriitiilen arastirmada, gesit olarak Albion, San
Andreas ve Portola giin nétr ¢ilek gesitleri, yetistirme teknikleri olarak ise agik ve
ortiialt: yetistiricilik sistemleri kullanilmistir. Arastirma sonucunda, denenen her
iki yilda da, ilk ¢iceklenme ve ilk derim zamani Ortiialt: yetistiriciliginde, agikta
yetistiricilikten daha erken olmustur. Nitekim ilk ¢igeklenme tarihi, ortiialt: yetis-
tiriciliginde her iki deneme yilinda da, mart ay1 sonunda gergeklesirken, ilk derim
tarihi, ilk deneme yilinda mayzs ay1 sonu, ikinci deneme yilinda ise ayni ayin ba-
sinda gergeklesmistir. Bitkilerde belirlenen morfo-fizyolojik 6zellikler bakimindan
San Andreas ve Albion gesitleri Gistiin 6zellikler géstermistir. Denemede yetistirme
sistemleri, meyvelerde pomolojik 6zellikleri etkilemezken, ¢cesitler arasinda farkli-
liklar belirlenmistir. Nitekim meyve agirlig1 bakimindan Albion (birinci yil 12.74
g, ikinci y1l 11.84 g) ve San Andreas (birinci yil 14.50 g, ikinci yil 12.23 g) cesitleri
6n plana ¢ikmuistir. Bitki bagina diisen en yiiksek verim, her iki deneme yilinda da
San Andreas ¢esidinde saptanmuis olup (birinci y1l 415.08 g bitki, ikinci y1l 485.91
g bitki™!), bunu Albion ¢esidi (birinci yil 249.80 g bitki™, ikinci yil 433.27 g bitki™)
izlemistir. Portola ¢esidinden ise, her iki deneme yilinda da en diisiik verimler (bi-
rinci y1l 77.54 g bitki™, ikinci y1l 148.20 g bitki') kaydedilmistir. Meyvelerde biyo-
kimyasal 6zellikler incelendiginde, yetistirme tekniklerinin, askorbik asit, toplam
fenolik madde ve toplam antosiyanin igeriklerini etkilemedigi tespit edilmistir. San
Andreas ve Albion ¢esitleri askorbik asit (67.11 ve 65.96 mg askorbik asit 100 ml™)
ve toplam fenolik madde igerikleri (280.75 ve 318.21 mg GAE 100 ml™") bakimin-
dan 6n plana ¢ikmustir.

Aragtirma bulgularimiz, Antalyanin yayla bélgesi olan Korkuteli ekolojik ko-
sullarinda ortiialt: ¢ilek yetistiriciliginin miéimkiin oldugunu, értiialt: ve agikta ya-
pilacak yetistiricilikte uygun cesit secimi ile yaz ve sonbahar iiretiminin gerceklege-
bilecegini gostermistir. Cesit bakimindan, Albion ve San Andreas gesitlerinin gerek
acikta ve gerekse ortiialtinda iistiin performans gosterdikleri dikkati ¢ekmistir.

Anabhtar Kelimeler: Cilek, Ortilalt1 Yetistiricilik, Sonbahar-Yaz Uretimi, Yayla
Bolgesi.
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THE EFFECTS OF DIFFERENT CULTIVARS AND GROWING
SYSTEMS ON YIELD AND QUALITY OF STRAWBERRIES GROWN
IN KORKUTELI ECOLOGICAL CONDITIONS

ABSTRACT

In this research, the effects of different growing systems and strawberry culti-
vars on yield and quality of strawberries grown in Korkuteli-Antalya were inves-
tigated. For this aim, in this research conducted between 2019-2021, Albion, San
Andreas and Portola strawberry cultivars were trial materials, and open air and
protected cultivation systems were used as growing techniques. As a result of the
research, the first flowering and first harvest time were determined earlier in pro-
tected growing systems than open air system in both trial years. As a matter of fact
that, while the first flowering time under protected growing determined in the end
of the March in both trial years, the first harvest time indicated the end of the May in
the first trial year and determined the end of the same month in the second trial year.
San Andreas and Albion strawberry cultivars showed superior features in terms of
morpho-physiological characteristics determined in plants. In the experiment, while
the growing systems did not affect the pomological features of fruits however diffe-
rences were determined between cultivars. As a matter of fact that, Albion (first year
12.74 g, second year 11.84 g) and San Andreas (first year 14.50 g, second year 12.23
g) strawberry cultivars were indicated outstanding quality in terms of fruit weight.
The highest yield per plant were determined in San Andreas strawberry cultivar (first
year 415.08 g plant™, second year 485.91 g plant ™) and followed by Albion strawberry
cultivar (first year 249.80 g plant’, second year 433.27 g plant”) in both years. In
addition, the lowest yield per plant were indicated Portola strawberry cultivar (first
year 77.54 g plant’!, second year 148.20 g plant™). In terms of fruit biochemical fea-
tures, the growing systems did not effect on ascorbic acid, the total phenolic content,
or the total anthocyanin content. San Andreas and Albion strawberry cultivars were
outstanding in terms of the ascorbic acid (67.11 and 65.96 mg ascorbic acid 100 mI
1), and the total phenolic content (280.75 and 318.21 mg GAE 100 ml™).

Our research findings showed that protected strawberry growing is possible in
Korkuteli ecological conditions. In addition, the summer and autumn production
can be provided with suitable cultivar selection both in open air and protected
growing under the ecological conditions of Korkuteli, which is the highland region
of Antalya. In terms of cultivars, Albion and San Andreas were observed superior
performance in both open air and protected growing systems.

Keywords: Strawberry, Protected Growing, Autumn-Summer Production,
Highland Area.
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1. GIRIS

Cilek gerek diinyada ve gerekse tilkemizde en fazla yetistirilen tiziimsii meyve
tiiriidiir. Ulkemizde 2022 yili TUIK raporlarina gére Tiirkiye gilek iiretimi, toplam
meyve iretim miktarinin %2.7’sini olustururken, tiretim miktar1 her gecen giin
artis gostermektedir. 2021 yilindan 2022 yilina kadar gilek iiretim miktarinda %8.8
degisim gerceklesmis, 2021 yilinda 669.195 ton olan toplam gilek tiretimi, 2022
yilinda 728.112 tona yiikselmistir (TUIK, 2022). Cilek yetistiriciliginde basarry
etkileyen en 6nemli unsur iiretim planlamasidir. Ekolojilere gore uygun gesit ve
yetistirme sistemi se¢imi ile kiiltiirel faaliyetlerin dogru ve zamaninda yapilma-
s1, dogru tiretim planlamasinin ilk basamagini olusturmaktadir. Nitekim genis
ekolojik sartlara adaptasyon kabiliyetine sahip ¢ilek bitkisinde ¢esit se¢imi 6nem
arz etmektedir.

Cilek yetistiriciliginde cesit seciminde, bitkinin giin uzunlugu istekleri dikka-
te alinmaktadir. Cilek ¢esitleri 151k isteklere gére uzun giin, kisa giin ve giin nétr
gilekler olarak siniflandirilmaktadir (Hancock, 1999; Demirsoy ve ark., 2012). Ti-
cari ¢ilek yetistiriciliginde ise kisa giin ve giin nétr ¢ilek cesitleri kullanilmaktadir.
Kisa giin cilek gesitleri giin uzunluguna hassas cesitler olup, 15°C’nin {izerindeki
sicakliklarda, 10-12 saatin altinda kisa giin sartlarinda, 15°C’nin altinda ise fotope-
riyoda ihtiya¢ duymadan gigek gozlerini olusturan cesitlerdir (Ballington ve ark.,
2008). Bu gesitler iilkemizde kig-bahar {iretimi i¢in yaygin olarak kullanilmaktadur.
Ticari 6neme sahip bir diger cilek tipi ise giin nétr ¢ilekleri olup, bu ¢esitler foto-
periyoda duyarsiz gesitlerdir (Serce ve Hancock, 2005; Demirsoy ve ark., 2012).
Bu gesitler, ¢icek tomurcuklarini 2-30°C arasinda olusturmakta, 29.4°C iizerindeki
sicakliklarda ise ¢igek tomurcugu olusturmamaktadir (Hancock ve Serge, 2003).
Bu nedenle ci¢eklenme ve meyve olusumunun devami ve siirekliligini saglamak
i¢in optimum g¢evresel kosullarin saglanmasi azami derecede dnem tagimaktadir.
Bu amagla golgeleme, yagmurlama, mal¢lama gibi pek ¢ok kiiltiirel uygulama ya-
pilabilmektedir (Fennell ve Graper, 1996).

Giin nétr ¢ilek gesitleri, kislar1 1lik gecen yerlerde kis iiretimi, yazlar: serin ge-
¢en yerlerde de yaz-sonbahar iiretimini miéimkiin kilan ¢esitlerdir (Bringhurst ve
Voth, 1989). Son yillarda yapilan ¢alismalarda Kaliforniya Universitesi tarafindan
1slah edilen Seascape, Albion, Monterey, San Andreas, Portola gibi giin nétr ¢ilek
gesitleri tizerinde durulmaktadir. Yapilan bu ¢alismalarda, ilk olarak cesitlerin eko-
lojilere gore adaptasyonun belirlenmesi ile yaz-sonbahar iiretimini tegvik etmeye
yonelik uygulamalarin arastirildig: goriilmektedir (Neri ve ark., 2012). Dolayisiyla
giin notr cilek gesitleri ile cilek yetistiriciligi, hasat sezonunu uzatma avantaji sa-
yesinde (Shaw ve Famula, 2005; Rowley ve ark., 2011), hem tilkemizde hem de
diinyada 6nemi gittik¢e artan bir konu haline gelmistir (Gude ve ark., 2018). Giin
notr gilek cesitleri arasinda gigek verme kabiliyeti bakimindan farkliliklar bulun-

https:/doi.org/10.7161/omuanajas1262690 d
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maktadir. Bu bakimdan bu gesitler, zayif, orta ve giiclii gtin nétr gilek gesitleri ola-
rak da siniflandirilmaktadir. Giigli giin notr ¢ilek gesitleri (Tribute ve Tristar) yaz
boyunca ¢ok fazla ¢igeklenmekte ve az stolon verme egilimindedir. Bitki formu
olarak bakildiginda ise, yapraklar: kiiciik, gévde sayisi orta olup, bitkiler kiictik
habitusludur. Orta ve zayif giin noétr ¢ilekler ise (Selva), gliclii stolon verme egilimi
gibi kisa giin ¢ileklerinin pek ¢ok 6zelligine sahiptirler (Dale ve Pritts, 1989). Dola-
yistyla ekolojik kosullara gore giin nétr ¢ilek ¢esitlerinin adaptasyon 6zelliklerinin
degisebilecegi, cesitlerin bolgelere gore verimliliklerinin de degerlendirilmesi ge-
rektigi ongorilmektedir. Nitekim, Grijalba ve ark. (2015), Kolombiyada acikta ve
yiiksek plastik tiinelde Monterey ve Albion cilek ¢esitleriyle yaptiklar: ¢aligmada,
Monterey ¢esidinde ortiialtinda daha hizli vegetatif gelisme ve daha yiiksek verim
ile daha az meyve kayb1 oldugunu belirlemislerdir. Ayrica giin nétr gilek cesitleri
icerisinde yapilan kiiltiirel uygulamalarda bitki gelisimi ile beraber, verim ve kalite
tizerine ¢alismalar da yapilabilmektedir. Bu amagla Demirsoy ve ark. (2019), Albi-
on ve Sweet Ann ¢ilek cesitlerinde dikimden itibaren 30, 60, 90 giin siireyle yapilan
gicek koparma igleminin yaz-sonbahar meyve iiretiminde toplam verimi ve meyve
iriligini 6nemli dl¢lide etkilemedigini saptamiglardir. Ancak cicekleri koparilma-
yan bitkilerde baz1 vegetatif biiylime parametrelerinin diisitk degerler gosterdigi
gozlenmis, buna gore 6zellikle ¢ok yillik olarak yapilan yetistiricilikte ¢igek kopar-
manin bitki gilicti ve verimliligi acisindan faydali olacag: ifade edilmistir.

Bu ¢aligmada, Antalyanin yiiksek rakimli alanlarinda, farkli yetistirme sis-
temlerinde (agikta ve ortiialt1) yetistirilen giin nétr cilek cesitlerinin (Albion, San
Andreas, Portola), bitki gelisimi, verim ve kalite 6zellikleri irdelenmistir. Boylece
Antalya’nin sahil bolgesinde haziran ay1 sonunda tamamlanan meyve sezonunun,
yayla bolgesi ile devam edebilecegi ve yilin 12 ay1 tiretim sezonun tesvik edebile-
cegi amaglanmistir.

2. MATERYAL VE YONTEM

Bu arastirma, 2019-2021 yillar1 arasinda Antalya ilinin Korkuteli ilcesinde 400
m?lik alanda ylratilmistir (37°01°- 36’ N, 30° 14’- 52’ E; 927 m rakim). Aragtirma-
da ii¢ farkli giin notr gilek ¢esidinin, agikta ve ortitaltinda yetistirilme olanaklar: ta-
rimsal agidan irdelenmistir. Cizelge 1'de calisma alanina ait iklim verileri verilmistir.

Denemede, Albion, San Andreas ve Portola ¢ilek cesitleri kullanilmus, yetistir-
me sistemi olarak ise agik arazi ve algak tiinel altinda yetistiricilik gerceklestirilmis-
tir. Algak tiinel konstriiksiyonunda 2 m uzunlugunda, 2 mm ¢apinda beyaz renkli
PVC malzeme kullanilmistir. Ortii materyali olarak ise 120 cm eninde 25 mikron
kalinliginda seffaf renkte plastik kullanilmis olup, tiinel yiiksekligi 60 cm olarak
planlanmigtir. Agikta yetistiricilikte, yastik yiiksekligi 25 cm, genisligi 110 cm, yii-
rime yollar1 75 cm; alcak tiinellerde yapilan yetistiricilikte ise yastik yiiksekligi 25
cm, genisligi 100 cm ve yiiriime yollar: ise 60 cm olarak planlanmugtr.
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Cizelge 1. Aragtirma alanimin 2019-2020 yillarina ait iklim verileri (Meteoro-
loji Genel Mudurligi, 2021)

Table 1. Climate datas of research area in 2019-2020

Ortalama Minimum Maksimum  Ortalama Nisbi Toplam
Sicaklik Sicaklik Sicaklik Nem Yagis
Aylar ) ) ) (%) (mm)

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020

Ocak 2.5 24 -0.6 -1.8 7.3 9.3 86 70.3 62.2 63.6
Subat 5.1 4.2 0.9 0.2 11.0 10.4 76.3 75.1 23.8 24

Mart 7.8 7.6 2.1 2.1 14.7 14.7 66.3 66.3 35.8 37.8
Nisan 10.2 11.3 4.7 55 16.9 18.2 66.6 65.5 25.4 54.4
Mayis 16.6 16.6 9.5 9.5 24.1 24.1 53.5 54.2 8.2 352

Haziran 20.7 19.3 14.4 12.2 28.1 26.5 55.7 53.1 44.8 22.2

Temmuz 23.7 25.7 16.2 17.4 31.4 33.9 39.0 35.7 * *

Agustos 24.5 24.7 16.6 16.4 33.1 33.7 39.0 35.8 8.2 3.4

Eyliil 20.2 22.8 12.9 14.8 28.7 31.9 48.8 41.7 5.4 4.6
Ekim 15.9 16.5 9.0 9.7 24.8 25.0 57.1 58.2 15.6 7.2
Kasim 9.9 8.2 4.5 2.3 18.0 16.9 72.7 64.5 20.6 27.2
Aralik 5.0 6.0 0.8 1.8 11.7 12.5 78.7 87.2 44.8 52.2

Denemede frigo fideler kullanilmis, 30 x 30 cm sira arasi ve sira {izeri me-
safelerde ticgen dikim seklinde, 20 Mart 2019 tarihinde dikim gerceklestiril-
mistir. Sulama sistemi olarak damla sulama sistemi kullanilan denemede, iki
yillik vegetasyon siiresince hastalik ve zararlilara karsi (antraknoz, rhizoctonia
ve kirmizi 6riimcek) kontrollii kimyasal miicadele uygulanmistir. Ayrica algcak
tinellerde yapilan yetistiricilikte, hava sicakliklarinin 26°C’nin iizerine ¢iktig1
durumlarda plastik ortii acilmis, 20°C altina distiigiinde de kapatilmistir (Gal-
letta ve Bringhurst, 1990; Ruan ve ark., 2011). Sekil 1'de deneme alanindan genel
gorlintim verilmistir.
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(b)

Sekil 1. Deneme alanindan genel goriiniimler (a) Genel goriiniim,
(b) Algak tiinellerde yapilan yetistiricilik

Figure 1. General view of the trial area (a) General view,
(b) Growing under low tunnel

Aragtirmada uygulamalara ve ¢esitlere gore, bitkilerde fenolojik (ilk ¢igeklen-
me, ilk derim, ilk stolon atma tarihi), morfo-fizyolojik (gévde ¢api, yaprak sayisi,
yaprak klorofil indeksi), pomolojik 6zellikler (meyve agirligi, meyve et sertligi,
suda ¢oziinebilir kuru madde, meyve dis rengi) ile bitki basina verim ve meyve-
lerde bazi biyokimyasal 6zellikler (titre edilebilir asit miktari, C vitamini, toplam
fenolik madde igerigi, toplam antosiyanin igerigi) belirlenmistir. Fenolojik goz-
lemler tarih olarak; morfo-fizyolojik gézlemlerden govde capi, digital kumpas;
yaprak klorofil indeksleri klorofil metre (FieldScoot CM1000); meyve agirlig1 has-
sas terazi; meyve et sertligi penetrometre (FT011); suda ¢6ziinebilir kuru madde
icerigi dijital refraktometre (Model Number REF121, Atago, China); meyve dis
rengi renk 6l¢tim cihazi ile (3NH NR20XE Precision Colorimeter (Shenzhen Th-
reenh Technology Co., Ltd.) kaydedilmistir. Arastirmada, tiim morfo-fizyolojik,
pomolojik, verim 6zellikleri, her iki deneme yilinda da, mayis ayindan kasim ayina
kadar ayda 1 kez dl¢tilmiis, degerlendirmeler tiim aylarin ortalamasi olarak gercek-
lestirilmistir. Biyokimyasal 6zellikler ise ikinci deneme yili haziran ay1 sonunda ali-
nan Orneklerde belirlenmistir. Bu analizlerden titre edilebilir asitlik Erkan (1997);
C vitamini Cemeroglu (2010); toplam fenolik madde igerigi Spanos ve Wrolstad
(1990); toplam antosiyanin icerigi pH diferansiyel metodu ile spektrofotometrik
olarak gerceklestirilmistir.

Aragtirma, tesadiif parsellerinde boliinen boliinmiis parseller deneme desenine
gore planlanmig olup, tig tekerriirlii ve her tekerriirde 15 bitki olacak gekilde ku-
rulmugtur. Ortalamalarin karsilastirilmasinda, LSD testi kullanilmis ve istatistiksel
analizler SAS paket programinda (SAS version 9.0) gerceklestirilmistir.
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3. BULGULAR VE TARTISMA

3.1. Fenolojik Ozellikler

Farkli yetistirme teknigi ve cesit farkinin fenolojik gozlemler tizerine etkileri
Cizelge 2'de verilmistir. Bu ¢izelgede de goriilldigii gibi, her iki deneme yilinda da
ilk ¢iceklenme ve ilk derim zamanlarinin, ortiialt: yetistiricilikte, agikta yetistirici-
likten daha erken gerceklestigi goriilmiistiir. Nitekim ilk ¢iceklenme tarihi ortiialtt
yetistiricilikte, her iki deneme yilinda, mart ay1 sonunda gerceklesirken, ilk derim
tarihi, ilk deneme yilinda mayis ay1 sonu, ikinci deneme yilinda ise mayis ay1 ba-
sinda gergeklesmistir. Cesit bakimindan incelendiginde ise, ilk ¢igeklenme ve ilk
derim tarihleri, Albion ve San Andreas ¢esitlerinde ayni tarihlere rastlamistir (Ci-
zelge 2). Ik stolon atma tarihi ise yetistiricilik sistemleri ve gesitlere gére mayis ve
haziran aylarinda ger¢eklesmistir. Saridas (2018), farkl: ¢ilek gesit ve genotiplerle
yaptig1 melezleme ¢alismalarinda, genotiplere gore ilk ciceklenme ve ilk derim ta-
rihlerinde farkliliklar gérmiis, arastirmada ana ebeveynlerden ‘Fortuna’ ¢esidinin
subat ay1 sonunda, ‘Sabrosa’ ve ‘Albion’ ¢esitlerinin ise, sirasiyla 10 ve 11 Mart ta-
rihlerinde tam ciceklenme periyoduna ulastigini belirtmistir. Ayrica denemede se-
¢ilmis melez genotiplerin tam ¢iceklenmelerinin Subat-Mart aylarinda gercekles-
tigi de bildirilmistir. Bizim ¢alismamizda ise gesitlere, uygulamalara ve vegetasyon
yillarina bagh olarak, ilk ¢iceklenmeler mart ay1 sonundan nisan ay1 ortasina ka-
dar, ilk derimler ise mayis ay1 ortasindan haziran ay1 bagina kadar gerceklesmistir.

Cizelge 2. Farkl: yetistirme teknigi ve ¢ilek gesitlerinin bitkilerde fenolojik goz-
lemler tizerine etkileri

Table 2. Effects of different growing techniques and strawberry cultivars on phe-
nological observations.

Agik Arazi Ortiialtt
Yil Parametre
San San
Albion Portola Albion Portola
Andreas Andreas

ilk gigeklenme tarihi 12.04.2019 12.04.2019 13.04.2019  30.03.2019  30.03.2019  01.04.2019

1 1lk stolon atma tarihi 02.06.2019 03.06.2019  02.06.2019 11.05.2019 13.05.2019 11.05.2019

ilk derim tarihi 03.06.2019 04.06.2019  03.06.2019  20.05.2019  21.05.2019  20.05.2019

1lk gigeklenme tarihi 05.04.2020  04.04.2020  05.04.2020  23.03.2020  23.03.2020  24.03.2020

2 ilk stolon atma tarihi 01.06.2020 03.06.2020  01.06.2020  01.06.2020  01.06.2020  01.06.2020

Ilk derim tarihi 15.05.2020 15.05.2020  15.05.2020  05.05.2020  05.05.2020  05.05.2020
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3.2. Morfo-fizyolojik Ozellikler

Iki yillik vegetasyon siiresi boyunca yetistirme teknikleri ve cilek cesitlerine
gore govde capy, yaprak sayist ve yaprak klorofil indeksi degerleri mayis ayimndan
kasim ayina kadar aylik olarak belirlenmis olup, degerler tiim aylarin ortalamasi
olarak Cizelge 3’te verilmistir. Yetistirme tekniklerinin morfo-fizyolojik 6zellikler
tizerine etkileri incelendiginde, birinci vegetasyon yilinda, yaprak sayzsi, ikinci ve-
getasyon yilinda klorofil indeksi degerlerinde istatistiksel farkliliklar goriilmiistiir.
Birinci yilda, ortiialtinda yetistirilen bitkilerde, agik araziye gore daha yiiksek yap-
rak sayis1 goriiliirken, ikinci yilda da yine ortiialtinda yetistirilen bitkilerde klorofil
indeksi daha yiiksek olarak goze carpmaktadir (Cizelge 3).

Bitkilerde may1s ayindan kasim ayina kadar ilerleyen vegetasyon doneminde,
farkli cilek cesitlerinin morfo-fizyolojik 6zellikler iizerine etkileri incelendiginde,
gerek birinci yil ve gerekse ikinci yilda gesitlerin etkisi istatistiksel olarak dnemli
bulunmustur (Cizelge 3). Birinci deneme yilinda en yiiksek gévde ¢ap1 (22.81 mm)
, yaprak sayis1 (25.00 adet) ve klorofil indeksi (297.83) San Andreas ¢ilek ¢esidin-
de belirlenirken; ikinci deneme yilinda ayni kriterler bakimindan Albion ve San
Andreas cilek ¢esitleri en yiiksek degerleri olusturmustur. Portola cilek ¢esidinin
ise morfo-fizyolojik 6zellikler bakimindan diger ¢esitlerden daha diisiik degerleri
olusturdugu belirlenmistir.

Aragtirma bulgularimiz, San Andreas gilek ¢esidinin, denenen her iki yilda da
morfo-fizyolojik 6zellikler bakimindan 6ne ¢iktigini gosterirken, Albion ¢ilek ce-
sidinin de yakin degerler olusturdugunu, hatta ikinci deneme yilinda da bu gesitte
de yiiksek gelisim gosterdigi gozlenmistir. Bu sonuglarimiz ile ilgili direkt ilgili ¢a-
ligmaya rastlanilmasa da, Adak (2019)’un bulgular: ile benzerlik gostermektedir.
Bu konuda, arastiric1 topraksiz kiiltiirle yetistirilen Albion ve Festival ¢ilek cesit-
lerinde, ti¢ farkli K/Ca oranlarinin (0.78, 0.71 ve 1.00) bitkide govde ¢ap1 ve klo-
rofil indeksi {izerine etkilerini inceledigi ¢aligmasinda, ¢esitlerin govde ¢ap1 ve
klorofil igerigi iizerine etkilerinin 6nemsiz olmasina ragmen, gévde cap1 deger-
lerinin 29.56 mm ile 29.66 mm arasinda degistigi rapor edilmistir. Bulgularimiz
sOz konusu ¢alisma degerleri ile benzerlik gosterse de, ¢esit etkisinin farkli oldugu
goriilmiistiir. Nitekim aragtirma gesitleri ve uygulama konular1 ¢alismamizdan
farklilik arz etmektedir.
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Cizelge 3. Farkl: yetistirme teknigi ve cilek gesitlerinin bitkilerde morfo-fizyo-
lojik 6zellikler tizerine etkileri

Table 3. Effects of different growing techniques and strawberry cultivars on morp-
ho-physiological features.

Birinci Vejetasyon Yil1 Ortalamasi

Faktorler
Govde Cap1 (mm) Yaprak Sayis1 (adet) Klorofil Indeksi
Agik Arazi 21.87 22.92b 287.41
Yetistirme
Teknigi .
Ortiialtt 22.01 2441 a 280.38
LSD, yetistirme teknigi oD 1172 OD
Albion 21.27b 23.00 b 273.29b
Cesit San Andreas 228la 25.00 a 297.83a
Portola 21.73 ab 23.00b 280.57 a
LSD,, 1.220 1.436 21.093
Faktorler ikinci Vejetasyon Yili Ortalamast
Yetigtirme Agik Arazi 23.96 24.72 265.70 a
Teknigi Ortitalt 2331 2422 25219
LSD%S yetistirme teknigi oD oD 12.386
Albion 24.19a 2541 a 265.50 a
Cesit San Andreas 24.77 a 25.58 a 268.22a
Portola 21.94b 2242b 243.11b
LSD, 1.043 1.844 15.17

%Scesit

3.3. Pomolojik Ozellikler

Iki y1llik vegetasyon siiresi boyunca yetistirme teknikleri ve cilek gesitlerinin,
meyvelerde agirlik, sertlik, suda ¢oziinebilir kuru madde, meyve dis renk L, C*
ve h® degerleri tizerine etkileri Cizelge 4’te verilmistir. Yetistirme tekniklerinin
meyvelerde pomolojik 6zellikler tizerine etkileri incelendiginde, birinci deneme
yilinda sadece meyve eti sertligi bakimindan istatistiki farkliliklar belirlenmistir.
Ortiialtinda yetistirilen bitkilerden elde edilen meyvelerde sertlik, agik arazide ye-
tistirilenlerden daha ytiksek (0.72 kg) belirlenmistir.
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Aragtirmada, her iki deneme yilinda da, gilek cesitlerinin meyve agirligi ve
meyve sertligi tizerine etkileri istatistiksel olarak onemli belirlenirken; suda ¢o-
ziinebilir kuru madde miktari, meyve renk L, C* ve h°® degerleri tizerine etkileri
onemli belirlenmemistir. Birinci ve ikinci deneme yilinda, ortalama meyve agirlig
bakimindan Albion (birinci yil 12.74 g, ikinci yil 11.84 g) ve San Andreas (birinci
yil 14.50 g, ikinci yil 12.23 g) cilek cesitlerinde en yiiksek degerler elde edilirken,
Portola cilek ¢esidinde en diisiik meyve agirliklari belirlenmigtir. Meyve eti sertligi
bakimindan ise birinci deneme yilinda Portola (0.87 kg), ikinci deneme yilinda ise
yine Portola (0.76 kg) ve San Andreas (0.86 kg) cilek cesitleri 6n plana ¢ikmigtir.
Suda ¢6ztinebilir kuru madde miktar1 gesitlere gore istatistiki farkliliklar goster-
mede de bu degerler, %11.05 ile %13.48 arasinda degisim gostermistir. Cesit farka
meyve renk degerleri bakimindan 6nemsiz ¢ikmistir (Cizelge 4).

Arastirmada, meyve sertligi birinci yilinda 6rtiialtinda yiiksek belirlenirken,
ikinci yilda, yetistirme tekniklerinden ziyade ¢esitlerden 6nemli 6l¢iide etkilen-
digi gozlenmigtir. Farkli bir ¢alismada, cilekte meyve et sertligindeki degisimin,
ozellikle geside bagli oldugu bildirilmistir (Perkins-Veazie ve Collins, 1995). Do-
layisiyla belirtilen ¢alisma sonuglari ile bulgularimiz benzer 6zellik gostermistir.
Ayrica Adak ve ark. (2018) Camarosa, Albion, Amiga ve Rubygem cilek gesitleri
ile farkli sulama rejimi uygulamalari tizerine yaptiklar: ¢alismada, gesitlerin meyve
eti sertligi tizerine etkisinin istatistiksel olarak 6nemsiz oldugunu, kontrol uygula-
masinda bu degerlerin 0.70 ile 0.83 kg arasinda degisim gosterdigini belirtmistir.
Suda ¢oziinebilir kuru madde igerigi bakimindan, gerek yetistirme teknikleri ve
gerekse cesitler arasinda 6nemli farklilik bulunmadigr gorilmiistiir. Baler (2017),
Yozgat ilinde Portola ve Albion cilek cesitlerin bitki bagina verim ve ortalama mey-
ve agirhigr bakimindan dstiin oldugunu belirtirken; suda ¢oziiniir kuru madde
miktar1 bakimindan ise San Andreas ¢esidinin 6ne ¢iktigini gozlemlemistir. Oguz
(2017), Nevsehir ekolojik kosullarinda, bes giin nétr cilek ¢esidinin meyve kali-
te ozelliklerinin belirlenmesi amaciyla yaptig1 caliymada, en yiiksek suda ¢6ziiniir
kuru madde miktarin1 Monterey ¢esidinde; en ytiksek pH’y1 Kabarla gesidinde; en
yiiksek titre edilebilir asit icerigini ise Albion ¢esidinde belirlemistir. Ayrica en iri
meyveli cesit olarak San Andreas gesidi saptanirken; meyve kalite 6zellikleri baki-
mindan bélgeye en uygun gesitlerin Albion, Portola ve Monterey oldugu sonucuna
varimustir. Gude ve ark. (2021), yiiksek tiinelde giin notr gilek yetistiriciligi per-
formanslari tizerinde yaptiklari calismada, ‘Monterey’, ‘Seascape’ ve ‘Albion’ gesitle-
rinde en yiiksek toplam suda ¢6ziinebilir kuru madde igerigi belirlenmigtir. Ayrica
Monterey ve Albion gesitlerinde daha koyu renk kaydedilmistir.

ANAJAS, 2024, Cilt 39, Sayi 2, Sayfa 221-238



Fehmi TEKIN, Nafiye UNAL

Cizelge 4. Farkli yetistirme teknigi ve ¢ilek gesitlerinin meyve agirligi, meyve
eti sertligi ve suda ¢oziinebilir kuru madde (SCKM) iizerine etkileri

Table 4. Effects of different growing techniques and strawberry cultivars on fruit
weight, fruit firmness and soluble solid content.

Birinci Vejetasyon Yil1 Ortalamasi

Faktdrler Meyve MeyveEti  SCKM Meyve Rengi
Agirhigi (g) Sertligi (kg) (%) L C* he
Agik Arazi 13.12 0.64b 13.09  40.83  44.69 32.18
Yetistirme
Teknigi )
Ortiialty 12.70 0.72a 13.38 4143 4479 32.00
LSD, iieme ekt oD 0.064 oD oD oD oD
Albion 1274 a 0.60 b 13.48 4046  45.10 32.62
Cesit San Andreas 14.50 a 0.70 b 13.26 41.06 45.66 31.85
Portola 8.57b 0.87a 12.53 4326  41.03 34.09
LSD,_ . 2.123 0.084 oD oD oD oD
Faktorler ikinci Vejetasyon Yili Ortalamas:
- Agik Arazi 11.42 0.80 12.93 3822 43.86 29.13
Yetistirme
Teknigi Ortiialtt 1237 0.78 1310 3826 4364 2853
LSD, iieme ekaigs oD OD oD OD oD oD
Albion 11.84a 0.73b 1337 3746 4278 28.31
Cesit San Andreas 1223 a 0.86a 13.32 38.47 43.92 28.61
Portola 10.95b 0.76 a 11.05 40.03 4641 31.29
LSD,. 0.381 0.101 OD OD oD OD

3.4. Bitki Basina Diisen Toplam Verim (g bitki?)

Iki yillik galigma boyunca yetistirme teknikleri ve cilek cesitlerine gore bitki
basina toplam verim degerleri aylik olarak kaydedilmis olup, ortalama degerler
Cizelge 5’te verilmistir. Arastirmada, gerek birinci deneme yilinda ve gerekse
ikinci deneme yilinda yetistirme tekniklerinin, bitki bagina toplam verim tizerine
etkisi istatistiksel olarak 6nemsiz bulunmustur. Birinci deneme yilinda ortiialtin-
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da bitki bagina diigen verim 272.47 g bitki, acikta 222.48 g bitki; ikinci deneme
yilinda ise orttialtinda bitki bagina diisen verim 379.45 g bitki', agikta 332.14 g
bitki! olarak belirlenmistir.

Cilek cesitlerinin meyve verimi tizerine etkileri, denenen her iki yilda da istatis-
tiki olarak 6nemli belirlenmistir. Birinci deneme yilinda, en yiiksek verim 415.08 g
bitki! ile San Andreas ¢ilek ¢esidinde belirlenirken, bunu 249.80 g bitkiile Albion
¢esidi izlemistir. En diisiik verim ise 77.54 g bitki ile Portola ¢ilek ¢esidinde sap-
tanmistir. Ikinci deneme yilinda da benzer durum gériilmiis olup, en yiiksek verim
485.91 g bitki" ile San Andreas ¢ilek gesidinde belirlenirken, bunu 433.27 g bitki™
ile Albion ¢esidi izlemistir. En diisiik verim ise 148.20 g bitki ile Portola ¢esidinde
saptanmistir (Cizelge 5).

Cizelge 5. Farkl: yetistirme teknigi ve ¢ilek cesitlerinin bitki bagina diisen ve-
rim tizerine etkileri

Table 5. Effects of different growing techniques and strawberry cultivars on fruit
yield per plant

Birinci Vejetasyon Yili1 Ortalamasi

Faktorler
Bitki Bagina Diisen Toplam Verim (g bitki’)
Yetistirme Agik Arazi 222.48
Teknigi Ortitalt 272.47
LSD%s yetigtirme teknigi OD
Albion 249.80 b
Cesit San Andreas 415.08 a
Portola 77.54 ¢
LSD, ., 118.82
Faktorler ikinci Vejetasyon Yili Ortalamasi
Yetistirme Agik Arazi 332.14
Teknigi Ortitalty 379.45
LSD%S yetistirme teknigi OD
Albion 43327 a
Cesit San Andreas 48591 a
Portola 148.20 b
LSD, 100.79

%Sgesit

ANAJAS, 2024, Cilt 39, Sayi 2, Sayfa 221-238



Fehmi TEKIN, Nafiye UNAL

Aragtirmada, aylik ortalamalara bagli olarak bitki bagina diisen verim degerleri
Sekil 2'de verilmistir. Birinci yil verimleri Albion ve San Andreas ¢ilek cesitlerinde,
haziran ayindan kasim ay1 ortasina kadar devam ederken, Portola ¢ilek ¢esidinde
her iki yetistirme sisteminde de sadece haziran ve temmuz aylarinda verim alin-
mistir. Tkinci deneme yilinda ise Albion ve San Andreas cilek cesitlerinde mayis
ayinda ilk verimler aliirken, hasat ekim ay1 sonuna kadar devam etmigstir. Portola
¢esidinde ise her iki yetistirme tekniginde de mayzs ve haziran aylarinda verim alin-
mustir. Son hasat tarihi, her iki deneme yilinda da, don tarihine kadar devam etmis-
tir. Arastirma bulgularimiz, sonbaharin erken donlarina karg1 kiiltiirel 6nlemlerin
aliabilmesi ile son hasat tarihinin daha da uzayabilecegini gostermistir (Sekil 2).

Meyve Verimi (g/bitki) Meyve Verimi (g/bitki)
140,00 140,00
120,00
100.00 90,00 ° /\
P N~ <
X 40.00
40,00 T
20,00
-10,00 - =
0,00 ) ’ Mayis Haziran Temmuz Agustos Eylil  Ekim Kasim
Mayis Haziran Temmuz Agustos Eylil Ekim  Kasim
—o—ACIK Albion —o—ACIK San Andreas
—e—ACIK Albion —e— ACIK San Andreas
ACIK Portola ORTUALTI Albion ACIK Portola ORTUALTI Albion
—e—ORTUALTI San Andreas —e—ORTUALTI Portola =#—ORTUALTI San Andreas =#=ORTUALTI Portola
(@) (b)

Sekil 2. (a) Birinci vejetasyon yili (b) Ikinci vejetasyon yilinda aylara
bagli olarak bitki basina diisen verim (g bitki™)

Figure 2. (a) First vegetation year (b) Yield per plant in the second
vegetation year depending on months (g/plant)

Aragtirma bulgularimiz, yetistirme tekniklerinden ziyade, gesitler arasinda ve-
rim bakimindan énemli farkliliklar oldugunu gostermistir. Her iki deneme yilin-
da da en yiiksek verim San Andreas ¢ilek ¢esidinde belirlenirken, bunu Albion
gilek ¢esidi izlemistir. En diisiik verim ise Portola cilek ¢esidinde belirlenmistir.
Bulgularimiz, bu konuda yapilan bir¢ok ¢aligma ile uyumlu veya kismen uyum-
lu bulunmugtur. Caligmalardaki farkliliklar buyiik olgiide, yetistirme teknikleri,
kiiltiirel islemler ve ekolojiye gore degisiklik gostermektedir. Geger ve ark. (2018),
Amasyada agikta cilek yetistiriciliginde yaptig1 ¢alismada; en yiiksek bitki basina
verimi 307.8 g ile Monterey cesidinde belirlerken; bunu 283.7 g ile Albion; 243.7 g
ile San Andreas ve 64.41 g ile Sweet Charlie gesitlerinin izledigini belirtmistir. Balc1
(2017), Yozgat ilinde Portola ve Albion cilek cesitlerinin bitki basina verim ve or-
talama meyve agirlig1 bakimindan iistiin oldugunu; Soysal ve ark. (2019), Samsun
ekolojik kosullarinda yaz déneminde, en yiiksek pazarlanabilir meyve veriminin
(489.4 g bitki') Sweet Ann ¢ilek ¢esidinden elde edildigini belirtmistir. Dolayisiyla
ekolojilere gore gesitler arasinda farkliliklar goralmektedir.
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3.5. Biyokimyasal Ozellikler

Arastirmada, yetistirme teknikleri ve ¢ilek cesitlerinin meyvelerde titre edilebi-
lir asitlik, C vitamini, toplam fenolik madde ve toplam antosiyanin igerigi iizerine
etkileri Cizelge 6da verilmistir. Ikinci deneme yilinda haziran ayinda derimi yapi-
lan meyvelerden elde edilen bu biyokimyasal 6zellikler incelendiginde, yetistirme
tekniklerinin meyvelerde titre edilebilir asitlik icerigi tizerine etkisi istatistiksel
olarak 6nemli belirlenirken, C vitamini, toplam fenolik madde ve toplam antosi-
yanin icerigi tizerine etkileri benzer seviyelerde belirlenmistir (Cizelge 6). Aras-
tirmada en yiiksek titre edilebilir asitlik, %0.88 ile ortitaltinda yetistirilen meyve-
lerden elde edilmistir.

Cilek cesitlerinin meyvelerde titre edilebilir asitlik, C vitamini ve toplam feno-
lik madde igerigi tizerine etkileri istatistiksel olarak dnemli belirlenirken, toplam
antosiyanin igerigi iizerine etkileri 6nemsiz bulunmustur. Nitekim istatistiki ola-
rak en yiiksek titre edilebilir asitlik %0.85 ile Portola ¢ilek ¢esidinde, en yiiksek C
vitamini 67.11 mg askorbik asit 100 ml™ ile San Andreas ve 65.96 mg askorbik asit
100 ml" ile Albion ¢esitlerinde, en yiiksek toplam fenolik madde icerigi 318.21 mg
GAE 100 ml" ile Albion ve 280.75 mg GAE 100 ml" ile San Andreas cesitlerinde
saptanmustir. Toplam antosiyanin igerigi ise gesitlere gore degismekle birlikte 5.92
mg Peg-3-glu L ile 7.28 mg Peg-3-glu L arasinda degisim gostermistir (Cizelge 6).

Yetistiricilik teknigi x cesit interaksiyonu bakimindan incelendiginde, en yiik-
sek titre edilebilir asit icerigi %0.98 ile ortiialtinda yetistirilen Albion ¢ilek ¢esi-
dinde; en yiiksek C vitamini igerigi ortiialtinda yetistirilen San Andreas ¢ilek ¢esi-
dinde; en yiiksek toplam fenolik madde igerigi 378.03 mg GAE 100 ml ile agikta
yetistiricilikte San Andreas ¢ilek ¢esidinde belirlenirken, bunu 366.14 mg GAE 100
ml™ ile ortiialt Albion cilek ¢esidi izlemistir (Cizelge 6).

Aragtirma bulgularimiz, yetigtirme tekniklerinden ziyade, ¢esit farkinin mey-
velerde biyokimyasal 6zellikler tizerine etkili olabilecegini gostermistir. Bulgulari-
miz bir¢ok arastiricinin bulgular: ile benzerlik gostermistir. Singh ve ark. (2011),
antioksidan igerigi tizerine genotipin, ¢evresel faktorlerden daha etkili oldugunu;
Balc1 (2017), Yozgat ilinde meyvelerde C vitamini bakimimdan San Andreas ¢esidi-
nin 6ne ¢iktiging; Gude ve ark. (2021), yiiksek tiinelde giin nétr ¢ilek yetistiriciligi
performanslari tizerinde yaptiklari caligmada, Albion, Evie 2, Monterey, San And-
reas ve Seascape ¢esitlerinde toplam fenolik madde igerigini ¢esitlerinde Portola
¢esidinden daha ytiksek bulunmugtur. Dolayisiyla ¢alismalar biytik 6lgiide bulgu-
larimiz ile benzerlik gostermektedir.

Bizim ¢aligmamizdan farkli olarak, Baiamonte ve ark. (2010), Record ve Nora
gilek ¢esitlerinde organik ve entegre yetistiricilik teknikleri tizerinde yaptiklari
caliymada, meyvelerde farkli antosiyanin igerigini belirlemislerdir. Aragtirma so-
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nucunda, fide tipleri ve yetistiricilik tipleri interaksiyonu bakimindan da 6nemli
farkliliklarin belirlendigi goriilmustiir. Sing ve ark (2011), ¢ilek ¢esitlerinde askor-
bik asit i¢eriginin 6nemli diizeyde degistigini ve bu degerlerin 68.32 mg 100 g' FW
ile 107.50 mg 100 g taze agirlik arasinda degistigini bildirmislerdir.

Cizelge 6. Farkl yetistirme teknikleri ve gilek cesitlerinin, meyvelerde biyo-
kimyasal ozellikler tizerine etkileri

Table 6. Effects of different growing techniques and strawberry cultivars on bioc-
hemical features

Cesit
Yetistirme Yetistirme Teknigi
. Albion San Andreas Portola
Teknigi
Titre Edilebilir Asitlik (%sitrik asit)
Agik Arazi 0.66 E 0.73D 0.88 B 0.76 b
Ortiialtt 0.98 A 0.86 B 0.81C 0.88a
Cesit 0.82 ab 0.80b 0.85a
LSD%S yetistirme teknigi: 0.022; LSD%s ;e§ii:0'027; LSD%S yetistirme teknigi x §e§il:0'0275
C Vitamini (mg askorbik asit 100 ml")
Agik Arazi 64.82 AB 64.31 AB 5851 B 62.55
Ortiialt1 67.10 A 69.89 A 62.68 AB 66.56
Cesit 65.96 a 67.11a 60.59 b
LSD%S yetistirme teknigi: OD; LSD%S ce;it:5'14; LSD%s yetistirme telmigixgesit:7'269
Toplam Fenolik Madde igerigi
(mg GAE 100ml' taze agirhik)
Agik Arazi 270.27 BC 378.03 A 254.46 C 300.92
Ortiialt1 366.14 AB 183.46 C 212.86 C 254.15
Cesit 318.21a 280.75 ab 233.66 b
LSD, %5 yetistirme teknigi: OD 5 LSD%; 9t§il:72' 179; LSD%s yetistirme teknigi x z,‘esil:l 02.08
Toplam Antosiyanin Icerigi
(mg Peg-3-glu L' taze agirlik)
g reg-o-g g
Agik Arazi 6.86 7.66 491 6.47
Ortitaltt 7.71 6.65 6.93 7.09
Cesit 7.28 7.15 5.92
LSD OD; LSD, OD; LSD, oD

%5 yetigtirme teknigi: %S gesit: %5 yetistirme teknigi x egit:
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SONUC

Aragtirmada, gerek ilk gigeklenme ve gerekse ilk derim tarihi bakimindan 6r-
titaltr yetistiriciligi, agikta yapilan yetistiricilige gére daha avantajli bulunmustur.
Nitekim ilk ¢igeklenmeler birinci deneme yilinda 6rtiialtinda mart ay1 sonu, agikta
nisan ay1 ortasi; ikinci deneme yilinda ise ilk gigeklenmeler ortiialtinda mart ay1
sonu, agikta nisan ay1 baginda gerceklesmistir. ilk derim tarihi ise birinci deneme
yilinda, értiialtinda mayzs ay1 sonu, agikta haziran ay1 basinda gergeklesirken; ikin-
ci deneme yilinda ortiialtinda mayis ay1 basinda, agikta mayis ay1 ortasinda ger-
geklesmistir. Dolayisiyla értiialt1 yetistiriciliginin, agik araziye gore 10-12 giinliik
erkencilik sagladig1 gortilmiistiir. Arastirmada derimin son zamanini bolgedeki
meteorolojik olaylarin belirledigi goriilmiis ve kasim ayinda gerceklesen uzun sii-
reli don olayindan dolay1 verim kasim ayinda sonlanmigtir. Ayrica gesit bakimin-
dan gerek agikta ve gerekse ortiialtinda Albion ve San Andreas gilek cesitleri 1-2
giinde olsa erken ciceklenme ozellikleri ile 6n plana ¢ikmistir. Ilk stolon atimlar
ise her iki deneme yilinda mayis ay1 ortasi ve haziran aylarinda ger¢eklesmistir.

Aragtirmada, yetistirme tekniklerinin bitkilerde morfo-fizyolojik &zellikler
tizerine 6nemli etkileri belirlenmezken, San Andreas ve Albion ¢esitleri bu 6zellik-
leri ile 6n plana ¢ikmistir. Meyvelerde pomolojik 6zellikler bakimindan degerlen-
dirildiginde, birinci deneme yilinda ortiialtinda elde edilen meyvelerin sertliginin
acik arazide yetistirilenlerden daha yiiksek oldugu belirlenirken, ikinci deneme
yilinda, gerek meyve agirlig1, gerek meyve sertligi ve gerekse suda ¢éziinebilir kuru
madde bakimindan yetistirme sistemleri arasinda farkliliklar belirlenmemistir.
Cesitler bakimindan irdelendiginde ise Albion ve San Andreas ¢ilek ¢esitleri, Por-
tola cilek ¢esidine gore meyve agirligi bakimindan 6n plana ¢ikmigtir.

Aragtirmada, birinci deneme yilinda ortiialtinda 272.47 g bitki”, a¢ik arazide
222.48 g bitki"! verim elde edilirken; ikinci deneme yilinda ortiialtinda 379.45 g
bitki?, acikta 332.14 g bitki" verim belirlenmistir. Ayrica birinci deneme yilinda,
en yliksek verim 415.08 g bitkiile San Andreas ¢ilek ¢esidinde belirlenirken, bunu
249.80 g bitki'ile Albion ¢ilek ¢esidi izlemistir. En diisiik verim ise 77.54 g bitki™
ile Portola cilek gesidinde belirlenmistir. Ikinci deneme yilinda ise San Andreas
cilek cesidinde 485.91 g bitki!, Albion cilek ¢esidinde 433.27 g bitki™'; Portola ¢ilek
cesidinde 148.20 g bitki ' verim elde edilmistir.

Meyvelerde biyokimyasal ozellikler bakimindan incelendiginde, yetistirme
tekniklerinin, gerek askorbik asit icerigi, gerek toplam fenolik madde icerigi ve
gerekse toplam antosiyanin igerigini etkilemedigi belirlenmistir. Buna karsin ¢e-
sitler arasinda meyve biyokimyasal 6zellikleri farklilik gostermistir. Nitekim en
yiiksek askorbik asit icerigi Albion (67.10 mg 100 ml!) ve San Andreas (67.11 mg
100 ml™*) cilek cesitlerinde; en yitksek toplam fenolik madde igerigi ise yine Albi-
on (318.21 mg 100 ml) ve San Andreas (280.75 mg 100 ml") belirlenmigstir. En
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distik C vitamini (60.59 mg 100 ml*) ve toplam fenolik madde igerikleri (233.66
mg 100 ml') Portola gilek ¢esidinde saptanmigtir. Meyvelerdeki toplam antosiya-
nin icerigi bakimindan ise gerek yetistirme teknikleri ve gerekse cesitler arasinda
farkliliklar belirlenmemistir.
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SOLID-STATE FERMENTATION OF WHEAT BRAN BY
ASPERGILLUS NIGER STRAINS: EFFECT ON THE NUTRITIONAL
COMPOSITION AND IN VITRO DIGESTIBILITY

ABSTRACT

This study aimed to investigate the effect of Aspergillus niger on the nutritional
composition and in vitro dry matter digestibility of wheat bran (WB) in solid-state
fermentation. Two A. niger strains (ATCC 200345 or ATCC 52172) were used as
inoculants in solid-state fermentation of WB. Wheat bran was sterilized at 121°C
for 15 min and inoculated with A. niger strains at 10° spores kg' WB. Samples were
incubated at 60°C for two days and dried at room temperature until reaching 90%
dry matter. Crude protein (CP), ether extract (EE), ash, crude fiber (CF), hemicel-
lulose, neutral detergent fiber (NDF) and acid detergent fiber (ADF) content and in
vitro dry matter digestibility of WB and fermented WB were determined. The CP
and ash levels were increased (P<0.001) by solid-state fermentation using A. niger
strains. However, both A. niger strains decreased (P<0.001) the CE, NDE, ADE
and hemicellulose content of WB. The EE content of WB was reduced (P=0.027)
by ATCC 200345 but was not affected (P=0.145) by ATCC 52172. The in vitro dry
matter digestibility of WB was increased (P=0.013) by both A. niger strains. The
greater increases in CP and ash content and the greater decrease in hemicellulose
were obtained from ATCC 52172 (P<0.001). However, greater decreases in CF and
ADF content were observed in fermented WB with ATCC 200345 compared to
fermented WB with ATCC 52172 (P=0.037 and P=0.013, respectively). The results
of the present study showed that A. niger improved the nutritional composition
and in vitro dry matter digestibility of WB with solid-state fermentation. ATCC
52172 can be recommended for higher CP and ATCC 200345 for lower CF and
ADF and in solid-state fermentation of WB.

Keywords: Fermentation, Fungus, Wheat Bran, Nutrient Composition, Digestibility.

ek

BUGDAY KEPEGININ ASPERGILLUS NIGER SUSLARI ILE KATI
FAZ FERMANTASYONU: BESIN MADDE KOMPOZiSYONU
VE IN VITRO SINDIRILEBILIRLiGI UZERINE ETKISi

0z
Bu calismada, bugday kepeginin (BK) besin madde kompozisyonu ve in vitro

kuru madde sindirilebilirligi tizerine Aspergillus niger kullanilan kati faz ferman-
tasyonun etkileri arastirilmistir. BK’nin kat1 faz fermantasyonunda iki farkli A.
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niger susu (ATCC 200345 ve ATCC 52172) inokulant olarak kullanilmistir. BK,
121°Cde 15 dakika steril edilmis ve A. niger suslar1 10° spor kg' BK diizeyinde
inokule edilmigtir. Ornekler 60°C'de 2 giin inkiibe edilmis ve %90 kuru madde-
ye ulasana kadar oda sicakliginda kurutulmugtur. BK ve fermente BK’nin, ham
protein (HP), ham yag (HY), ham kil (HK), ham seliiloz (HS), hemiseliiloz, notr
deterjanda ¢oziinmeyen lif (NDF), asit deterjanda ¢oziinmeyen lif (ADF) diizeyleri
ile in vitro kuru madde sindirilebilirligi belirlenmistir. BK’nin HP ve HK diizeyleri,
A. niger suglarinin kullanildigi kat1 faz fermantasyonu ile artmistir (P<0.001). Buna
karsin, her iki A. niger susu da BK’nin HS, NDE, ADF ve hemiseliiloz diizeylerini
azaltmistir (P<0.001). BK’nin HY icerigi, ATCC 200345 ile azaltilirken (P=0.027)
ATCC 52172den etkilenmemistir (P=0.145). BK’nin in vitro kuru madde sindirile-
bilirligi her iki A. niger susu ile artirilmigtir (P=0.013). BK’nin HP ve HK diizeyin-
deki en bityiik artis ile hemiseliiloz diizeyindeki en biiyiik diistis ATCC 52172'den
elde edilmistir (P<0.001). Bununla birlikte, ATCC 200345 kullanilarak fermente
edilen BK’nin HS ve ADF diizeyleri ATCC 52172 ile fermente edilen BK'den daha
diisiik olmustur (sirasiyla P=0.037 ve P<0.013). Calismanin sonuglari, A. niger kul-
lanilan kati faz fermantasyonu ile BK’nin besin madde kompozisyonunun ve in
vitro kuru madde sindirilebilirliginin iyilestirilebilecegini gostermistir. BK’nin kat1
kiltiir fermantasyonunda daha yitksek HP icerigi i¢cin ATCC 52172, daha disiik
HS ve ADF icerigi i¢cin ATCC 200345 6nerilebilir.

Anahtar Kelimeler: Fermantasyon, Mantar, Bugday Kepegi, Besin Madde
Kompoziyonu, Sindirilebilirlik.

1. INTRODUCTION

Feed costs account for 70% of the total costs in poultry operations. Protein
sources have a significant share in feed costs because they are more expensive than
other feeds and are used in high amounts in poultry diets. Therefore, it is necessary
to improve the nutritional composition of low-protein feeds and convert them to
high-protein feeds to reduce feed costs (Glingor et al., 2017).

Wheat bran (WB) is a by-product of the milling process and contains 17.1%
crude protein (CP), 44.6% crude fiber (CF), and 5.8% ash (Shang et al., 2020). The
CP content of WB is lower than that of oilseeds. The high CF in WB results in lower
digestibility and limits the use of WB in poultry diets (Gallardo et al., 2018).

Solid-state fermentation can improve the nutritional composition and increase
the in vitro digestibility of feedstuff (Zhang et al., 2006). Aspergillus niger is a pro-
biotic microorganism used in poultry diets (Harimurti and Hadisaputro, 2015).
Imelda et al. (2008) reported that A. niger increased the CP and ash content of WB
in solid-state fermentation. However, there is a lack of information on the effect
of A. niger on the in vitro digestibility of WB. Furthermore, Giingér et al. (2017)

ANAJAS, 2024, Cilt 39, Sayi 2, Sayfa 239-246



Aydin ALTOP, Emrah GUNGOR, Sevket OZLU, Giiray ERENER

reported that different strains of A. niger have different effects on the nutritional
composition of feedstuffs in solid-state fermentation. The hypothesis of this study
was that different A. niger strains in solid-state fermentation have different influen-
ce on the nutritional composition of WB. The effect of two A. niger strains (ATCC
200345 or ATCC 52172) on the nutritional composition and in vitro dry matter
digestibility of WB was evaluated in this study.

2. MATERIALS AND METHODS

2.1. Treatments, Microorganisms and Substrate

The study was conducted with three treatment groups with three replicates
in each group. The treatments were unfermented WB (control), fermented WB
(FWB) using ATCC 200345 (FWB1) and FWB using ATCC 52172 (FWB2).

The A. niger strains used in the study (ATCC 200345 and ATCC 52172) were
obtained from the American Type Culture Collection (ATCC). Wheat bran was
provided by a local feed mill factory.

2.2. Solid-state Fermentation

Wheat bran was milled to 2 mm and autoclaved at 121°C for 15 min for steril-
ization prior to fermentation. The nutrient salt ((NH,),SO,:glucose:KH_PO :urea:-
peptone:MgSO,.7H,0=6:4:4:1:1) was added to the WB to support fungal growth.
A. niger was inoculated at 10° spores kg WB. Samples were then incubated for 48
hours at 60°C and dried for six days at room temperature until having 90% dry
matter, according to Giingor et al. (2020).

2.3. Nutritional Composition

WB and FWB were analyzed to determine the dry matter, ether extract (EE),
ash, CP, and CF content according to AOAC (2000). Acid detergent fiber (ADF)
and neutral detergent fiber (NDF) analyses were performed according to the met-
hods of Van Soest et al. (1991). The hemicellulose content of WB and FWB was
obtained by subtracting ADF from NDE

2.4.In Vitro Digestibility

A pepsin-pancreatin enzymatic assay was performed to determine the in vitro
dry matter digestibility of WB and FWB according to Yegani et al. (2013). Samples
were milled to pass through a 1 mm sieve, and 500 mg were placed in in vitro flas-
ks. Then, 25 mL of 0.1 M phosphate buffer and 10 mL of 0.2 M HCI were added to
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each flask. The flasks were shaken to mix the samples with the solution. Then 1 mL
of porcine pepsin (25 mg mL", P-7000, Sigma-Aldrich) was added to the flasks.
Chloramphenicol (0.5 mL) was added to each flask to minimize the effects of any
bacterial fermentation during the incubation period. The flasks were shaken again
and then placed in a shaking incubator (100 rpm, 41°C) for 2 hours.

At the end of the incubation, 5 mL of 0.6 M NaOH and 10 mL of 0.2 M
phosphate buffer were added to each flask. After shaking the flasks, 1 mL of por-
cine pancreatin (100 mg mL", P1750; Sigma-Aldrich) containing protease, lipase,
and amylase was added to each flask. The flasks were shaken and incubated for 4
hours (100 rpm, 41°C). After removing the flasks from the incubator, 5 mL of 20%
sulfosalicylic acid was added to each flask. The flasks were kept at room tempera-
ture for 30 min, and then the contents of the flasks were filtered through Whatman
No. 54 filter papers (Whatman Inc., Florham Park, NJ). The filter papers before the
process and residues collected on the filter papers were dried at 80°C overnight.
The in vitro dry matter digestibility was calculated using the following formula:

. I . in vitro residue weight (g)
In vitro dry matter digestibility (%) = 100 — - 100
sample weight (g)

2.5. Statistical Analysis

All experiments were performed with three replicates. Differences between tre-
atments were tested by ANOVA using SPSS software (SPSS 21.0 Statistics). The
means of the treatments were separated by the TUKEY test. The level of statistical
significance was set at P < 0.05.

3. RESULTS

The nutritional composition of unfermented and fermented WB using A. niger
is shown in Table 1. The CP and ash contents of WB were increased (P<0.001) by
solid-state fermentation. However, solid-state fermentation decreased (P<0.001)
the CF, NDF, ADE hemicellulose, and nitrogen-free extract (NFE) contents of WB.
The EE content of the FWBI group was higher (P=0.027) than that of the WB
group, but it is similar (P=0.145) to that of the FWB2 group. The FWB2 had higher
(P<0.001) CP and ash content than FWBI. In addition, CF and ADF levels were
lower in FWB1 compared to FWB2 (P=0.037 and P=0.013, respectively). Howe-
ver, FWBI had higher (P=0.027 and P=0.003, respectively) hemicellulose and NFE
content than FWB2. Fermented wheat brans had similar (P=0.856) NDF contents.
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Table 1. Nutritional composition of WB and FWB using two A. niger strains

Nutrients (%, dry matter) WB FWB1 FWB2 SEM P

Crude Protein 16.87¢ 31.53° 33.51* 2.626 <0.001
Ether Extract 3.15° 2.04° 246" 0.194 0.031
Ash 5.51¢ 10.57° 11.22° 0.904 <0.001
NFE 63.53* 46.87° 43.01° 3.157 <0.001
Crude Fiber 10.95° 8.97¢ 9.79° 0.300 <0.001
NDF 43.52° 29.87° 30.01° 2.265 <0.001
ADF 13.46° 10.46° 11.87° 0.449 <0.001
Hemicellulose 30.06° 19.41° 18.14¢ 1.893 <0.001

WB: wheat bran, FWBI1: fermented wheat bran by Aspergillus niger ATCC 200345, FWB2: fermented wheat bran by
Aspergillus niger ATCC 52172

The in vitro dry matter digestibility of WB and FWB using A. niger is shown
in Table 2. Both A. niger strains increased (P<0.001) the in vitro dry matter diges-
tibility of WB. In addition, the in vitro dry matter digestibility of FWBI1 tended
(P=0.060) to be higher than that of the FWB2.

Table 2. In vitro dry matter digestibility of WB and FWB using two A. niger strains

Digestibility (%) WB FWBI1 FWB2 SEM P
Dry Matter 39.73° 56.30° 48.10° 2.661 0.001

WB: wheat bran, FWB1: fermented wheat bran by Aspergillus niger ATCC 200345, FWB2: fermented wheat bran by
Aspergillus niger ATCC 52172

4. DISCUSSION

Solid-state fermentation is a useful method for improving the nutritional
composition of feedstuffs and enhancing nutrient digestibility (Gungor and Ere-
ner, 2020). In the present study, the nutritional composition of WB was improved
through solid-state fermentation using A. niger. Similarly, A. niger improved the
nutritional quality of WB by increasing CP, ash, and amino acid content through
solid-state fermentation (Imelda et al., 2008). Aspergillus niger also increased the
in vitro dry matter digestibility of WB in this study. Similar to the results of the
present study, in vitro dry matter digestibility of pomegranate seed was improved
by solid-state fermentation using A. niger (Glingor et al., 2020).

Protein is an important nutrient that animals need to maintain their develop-
ment. The protein content of feed is an important factor in determining its price.
Solid-state fermentation using A. niger increased the CP level of WB in this study.
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Similarly, Imelda et al. (2008) reported increased CP and amino acid levels in WB
through solid-state fermentation. Aspergillus niger can produce various digestive
enzymes such as protease, cellulase, and hemicellulase (Kang et al., 2004; de Castro
etal., 2015). Several studies have shown that WB is a suitable substrate for A. niger
to produce protease and xylanase enzymes (Couri et al., 2000; de Castro et al., 2015).
The increase in the CP content of WB may be due to microbial proteins such as fi-
lamentous fungi (A. niger) and enzymes produced during solid-state fermentation.

Aspergillus niger can produce cellulolytic enzymes such as cellulase and hemi-
cellulase in WB during solid-state fermentation (Kang et al., 2004). Both A. niger
strains reduced the CE, hemicellulose, NDE and ADF content of WB in this study. Si-
milarly, A. niger reduced the CE, NDF, and ADF content of hazelnut kernel meal (Altop
et al,, 2019). The hemicellulose content of cottonseed, sunflower, and hazelnut kernel
meals was reduced by solid-state fermentation using A. niger. Cellulolytic enzymes can
degrade the structural carbohydrates such as cellulose and hemicellulose in WB and
lignin and cause a decrease in the CF, hemicellulose, NDF and ADF content of WB.

Aspergillus niger can enrich the substrates with various digestive enzymes such
as protease, cellulase, and hemicellulase (Kang et al., 2004; de Castro et al., 2015).
Solid-state fermentation can increase the nutrient digestibility of feeds by reducing
the level of structural carbohydrates in feeds that are difficult to digest (Giingor
et al., 2020). Similarly, chickens received diets supplemented with fermented sour
cherry kernel had higher dry matter digestibility than the control chickens due to
reduced CF content and enzymes produced during fermentation (Gungor and Ere-
ner, 2020). Both A. niger strains increased WB’s in vitro dry matter digestibility in
the present study. Similarly, Glingor et al. (2020) showed an increased in vitro dry
matter digestibility of pomegranate seeds by A. niger solid-state fermentation. The
increased in vitro dry matter digestibility may be due to the reduced CF content
and digestive enzymes produced in WB during solid-state fermentation.

Aspergillus spp. can produce microbial lipids during solid-state fermentation
and increase the EE content of the substrate after fermentation (Hui et al., 2010).
Solid-state fermentation using A. niger increased the EE content of WB up to the
first four days, but the longer fermentation times caused a decrease in the EE con-
tent of WB, similar to the results of the present study (Imelda et al., 2008). Simi-
larly, reduced EE content was reported by A. niger after solid-state fermentation
in cottonseed meal and sunflower meal (Altop et al., 2019). In addition, A. niger
ATCC 200345 reduced the EE content of WB; however, A. niger ATCC 52172 did
not affect the EE content of WB in this study. This result confirms the hypothesis
of the present study that different strains have different effects on the nutrient con-
tent of the substrate. Similarly, two studied A. niger strains did not change the EE
content of sour cherry kernels, but one A. niger strain decreased the EE content in
solid-state fermentation (Giingor et al., 2017).
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Some minerals can be accumulated by the microorganism during solid-state
fermentation, leading to an increase in the ash content of the substrates (Xiao et al.,
2021). Both A. niger increased the ash content of WB in this study. Imelda et al.
(2008) also showed that the ash content of the WB increased from the first day
of the solid-state fermentation with A. niger. Similar results were also reported
in the studies on cottonseed meal, sunflower meal, and hazelnut kernel meal
(Altop et al., 2019).

Microorganisms prefer to use carbohydrates as a carbon source rather than
other nutrients. In this study, solid-state fermentation caused a decrease in the
NEE content of WB. Similarly, Imelda et al. (2008) found that the total carbo-
hydrate content of WB was reduced by solid-state fermentation using A. niger.
The decrease in the NFE content of WB can be attributed to the consumption
of the carbohydrate content of WB by A. niger. Similarly, the NFE content of
sunflower meal and hazelnut kernel meal was reduced after solid-state fermen-
tation (Altop et al., 2019).

5. CONCLUSION

In conclusion, solid-state fermentation using A. niger can increase the in vitro
dry matter digestibility and improve the nutritional composition of WB by incre-
asing the CP and ash content and decreasing the structural carbohydrate content.
ATCC 52172 can be recommended for the higher CP content and ATCC 200345
for the lower CF and ADF content of WB in solid-state fermentation. Further deta-
iled studies need to be conducted to verify the results of the present study.
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EFFECT OF DROUGHT STRESS ON YIELD AND SOME
MORPHOLOGICAL CHARACTERISTICS IN WHERT

ABSTRACT

This study aimed to determine the impact of different irrigation levels as a drou-
ght factor on the water productivity and yield of Tosunbey variety wheat. Condu-
cted between 2018 and 2020 at the Saraykdy Research and Application Station in
Ankara Province, the experiment employed a randomized block design with three
irrigation levels and three replications. Significant effects of irrigation levels on
the yield and various morphological parameters of wheat plants were observed.
The 100 treatment, which was irrigated up to field capacity, achieved the highest
yield with an average of 6.55 tons ha-1 over the two growing seasons. In contrast,
the rainfed treatment (I0) showed a yield reduction of approximately 80.99% and
77.77% compared to the 1100 treatment across the two years, respectively. Water
productivity analyses (IWP) revealed average values of 1.74 kg m-3 and 1.55 kg
m-3 for the 1100 and I50 treatments, respectively. The highest outcomes, both in
terms of yield and water productivity, were obtained under the I100 irrigation ma-
nagement where irrigation was applied up to field capacity. Correlation analyses
conducted during the study identified significant relationships between different
drought stress applications and morphological parameters in wheat. These findin-
gs are expected to contribute to the understanding of optimal irrigation strategies
to maximize water efficiency and enhance crop performance in wheat cultivation.

Keywords: Drip Irrigation, Drought Stress, Wheat, Deficit Irrigation.

ek

KURAKLIK STRESININ BUGDAYDA VERIM VE BAZI
MORFOLOJiK OZELLIKLER UZERINE ETKISi

Oz

Bu ¢aligma, kuraklik faktorii olarak farkli sulama diizeylerinin Tosunbey ce-
sidi bugdayin su iiretkenligine ve verimine etkisi belirlemek amacryla 2018-2020
yillarinda Ankara Ilinde, Saraykdy Arastirma ve Uygulama Istasyonu'nda yiirii-
tilmiistiir. Ug sulama seviyesi ve ii¢ tekerriirlii olarak tesadiif bloklar1 desenine
gore ylriitiilen ¢aligmada, sulama diizeylerinin bugday bitkisinin verim ve bazi
morfolojik parametreleri {izerinde 6énemli etkileri gozlemlendmistir. Tarla kapa-
sitesi diizeyinde sulamanin yapildig 1100 konusunda, her iki yetisme sezonunda
ortalama 6.55 ton ha-1 ile en yiiksek verim elde edildi. Buna karsilik, yagisa da-
yali konu (I0), 1100 konusu ile karsilagtirildiginda her iki yilda sirasiyla yaklasik
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%80.99 ve %77.77 oraninda verimde diistis gostermistir. Su tiretkenligi analizlerin-
de (IWP) 1100 ve I50 konularinda sirasiyla ortalama 1.74 ve 1.55 kg m-3 degerleri
elde edildi. En yiiksek bulgular, hem verim hem de su tiretkenligi acisindan, tarla
kapasitesine kadar sulamanin uygulandig (I100) sulama yonetiminde elde edil-
mistir. Yapilan korelasyon analizlerinde farkli kuraklik stresi uygulamalar: altinda
bugdayda morfolojik parametreler arasinda 6nemli diizeyde iliski belirlenmistir.
Bu bulgular, bugday yetistiriciliginde su verimliligini en tist diizeye ¢ikarmak ve
irtin performansini artirmak i¢in optimal sulama stratejilerini anlama konusuna
katki saglayacag: dustintilmektedir.

Anahtar Kelimeler: Damla Sulama, Kuraklik Stresi, Bugday, Kisintili Sulama.

ik

INTRODUCTION

Climate change is one of the largest environmental challenges facing the world.
This has led to significant changes in weather patterns and increased the frequency
and severity of droughts. Drought is a major problem in agriculture and signifi-
cantly affects crop productivity, quality, and yield. Wheat, which is one of the most
important cereal crops worldwide, is highly sensitive to drought stress, and its pro-
ductivity is significantly reduced during drought periods (Hammad and Ali, 2014;
Kizilgeci et al., 2017; Zia et al., 2021).

Wheat production is of great importance for global food security because whe-
at is one of the most widely cultivated and consumed crops worldwide. According
to the Food and Agriculture Organization of the United Nations (FAO), wheat is
the second most important cereal crop globally after maize. In 2020, the world
produced more than 763 million tons of wheat, with the largest producers being
China, India, and Russia (FAO, 2020).

However, the production of wheat and other crops is increasingly threatened by
water scarcity, which is a major challenge for agricultural production in many parts
of the world. Water scarcity refers to a situation in which the demand for water
exceeds the available supply, either because of physical scarcity or the poor ma-
nagement of water resources. Climate change, population growth, and increased
water consumption in other sectors exacerbate water scarcity. Wheat is a water-in-
tensive crop and its production requires large amounts of water (Kehl, 2020; Li et
al., 2022; Tribouillois et al., 2022). In many parts of the world, water scarcity has
led to reduced yields and productivity of wheat crops. Furthermore, competition
for water resources between agriculture, industry, and households is likely to in-
tensify in the coming years, putting further pressure on wheat production and food
security. To address the challenge of water scarcity and ensure sustainable wheat
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production, it is important to adopt more efficient water management practices
such as drip irrigation, deficit irrigation, and rainwater harvesting. These practices
can help reduce water use in wheat production while maintaining or even increa-
sing yields. Additionally, there is a need to invest in research and development to
develop drought-tolerant and water-efficient wheat varieties that can withstand the
challenges of water scarcity and climate change.

One of the strategies used to mitigate the effects of drought on crop producti-
vity is deficit irrigation, which involves reducing the amount of water applied to
the crop to a level below the full crop water requirements (Singh et al., 2019; Ah-
madian et al., 2021; Abdelrasheed et al., 2021). This approach helps conserve water
resources while ensuring that crops receive the minimum amount of water needed
for their survival. Drip irrigation is an efficient technique widely used in deficit
irrigation to directly apply water to the crop root zone (Si et al., 2020; Wang et al.,
2021; Mattar et al., 2021). This technique ensures that water is used efficiently and
reduces water loss due to evaporation and runoft. Recent studies have shown that
deficit drip irrigation can be an effective strategy for increasing crop productivity
and water-use efficiency in wheat under drought conditions (Abd El-Mageed et al.,
2019; Tunc et al,, 2019; El-Mageed et al., 2022; Lu et al., 2022). However, the effects
of different levels of drought stress and the application of deficit drip irrigation on
wheat productivity and morphological characteristics have not been fully explo-
red. Understanding the effects of these factors on wheat productivity and morp-
hological characteristics can help optimize the use of water resources and improve
wheat productivity under drought stress.

In conclusion, world wheat production is essential for global food security,
but is threatened by water scarcity. Addressing this challenge will require con-
certed efforts by governments, farmers, and the private sector to adopt more ef-
ficient water management practices and invest in the research and development
of new technologies and varieties that can ensure sustainable wheat production
in a water-scarce world.

Therefore, the aim of this study was to investigate the effects of different levels
of water limitation as drought stress factors on yield and morphological parame-
ters in wheat. The impact of the stress mechanism on wheat was examined by reve-
aling the relationships among the physiological parameters of wheat. The findings
from this research will enhance comprehension regarding the effects of drought
stress on wheat and aid in the formulation of sustainable irrigation strategies to
enhance wheat productivity in drought conditions.
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MATERIAL AND METHODS

2.1. Experimental site

The information regarding the location where the research was conducted is re-
ported in Gultekin et al. (2023). In this study, the test crop used was the Tosunbey
wheat variety. Some soil properties from the field experiment conducted for two
years are given in Table 1.

Table 1. Physical and chemical properties of soil in the experimental field

Depth  Sand Loam Clay Bulk Field Wilting Available Water
Texture
(m) (%) (%) (%) (g cm?) % mm %  mm mm

0.0-0.3 1690  31.20  51.90 C 1.18 400 142 223 79 63

0.3-0.6 12.80  32.00  55.20 C 1.15 403 138 237 81 57

0.6-0.9 11.70 3430  54.00 C 1.19 422 150 240 87 63
Depth EC pH Organic Phosphorus PO, Pot;ssoium

(m) (dSm?) (Sat.Mud) Matter (%) (kg da) (kg zda")

0.0-0.3 0.77 7.99 1.23 5.40 182.0
0.3-0.6 0.80 7.98 1.18 4.0 168.0
0.6-0.9 0.90 7.96 1.15 1.50 157.0

Table 1 provides information regarding the physical properties of the soil in the
experimental field. At a depth of 0.0-0.3 meters, the soil contained 16.90% sand,
31.20% loam, and 51.90% clay, indicating a predominantly clay texture. The bulk
density of the soil was 1.18 g cm™. The field capacity (Tiiziiner, 1990) was 40.0%,
suggesting that the soil could hold the highest amount of water. The wilting point
was 142 mm, which represents the moisture level at which plants start to experien-
ce water stress. The available water content was 22.3% or 79 mm, indicating the
amount of water available to plants between field capacity and wilting point. The
soil also had an EC of 0.91 dS m™, pH of 7.9, organic matter percentage of 0.26%,
phosphorus content of 6.7 kg da’!, potassium content of 179.0 kg da™!, total nit-
rogen percentage of 0.06%, and calcium carbonate percentage of 12.8%. Similarly,
at depths of 0.3-0.6 meters and 0.6-0.9 meters, the soil composition and properties
are provided. These depths show slightly different percentages of sand, loam, and
clay but still exhibit a clay texture.

Within this investigation, the utilized irrigation water fell under the classifica-
tion of C,S, (USSL, 1954). Consequently, the irrigation water was deemed satisfac-
tory concerning its salinity levels and moderately basic properties (Table 2).
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Table 2. Some characteristics of the irrigation water used in the study.

EC Exchangeable Cations (meL) Soluble Anions (meL")
dSm! pH SAR  Class
(dSm) Ca++ Mg++ Na+ K+ Top CO, HCO Cl SO, Top

3 3 4

2.05 8.51 1.27 6.2 109 0.2 18.6  0.69 5.38 727 525 186 563 CS

372

The seasonal precipitation and temperature values for the years 2019-2020, du-
ring which the experiment was conducted, are presented in Figures 1 and 2.

Seasonal Predpitation mm)

E 00
§ san
5 a0
2 300 ~

Dctober Mowmber  December Jamury February March April zy June. Juiby

Months

—01E 2015 e— 0152020 ss—easona Wormals | 159120201

Figure 1. The precipitation values for the years of the experiment
and the long-term average
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Figure 2. The temperature values for the years of the experiment
and the long-term average

Accordingly, the annual precipitation (382.0 mm) for the first year was the
same as the average seasonal normal (381.1 mm). The annual precipitation (384
mm) for the second year was also nearly the same as the average seasonal normal.
According to these comparisons, precipitation was relatively at the same level as the
long-term average seasonal normals in both the 2018-2019 and 2019-2020 periods.

2.2. Design of the Experiment and Cultivation Techniques

The experimental setup involved a randomized block design, which included
four different irrigation regimes and was replicated three times. The dimensions of
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each plot were set at 3.0 meters in width and 5.0 meters in length. To mitigate the
effects of lateral water movement, non-irrigated buffer zones of 2.0 meters were
established between adjacent plots, and a distance of 3.0 meters was maintained
between blocks (Aritiirk and Erdem, 2011). Site preparation for the experiment
was conducted in the autumn prior to the spring planting, involving plowing and
raking. In the first year of the study, wheat planting was done on 24.10.2018 and
harvest was done on 23.07.2019. In the second year, wheat planting was carried out
on 29.10.2019 and harvesting was carried out on 18.07.2020 The variety of wheat
used for testing was Tosunbey, which was sown at a row spacing of 0.15 meters. The
fertilization protocol included an application of 25 kg per hectare of diammonium
phosphate (DAP) as a base fertilizer, complemented by 15 kg per hectare of am-
monium sulfate (AS) delivered through a drip irrigation system subsequent to the
initial watering. Neutron metering was utilized to monitor soil water content prior
to each irrigation. The experimental field was segmented into 12 plots arranged ac-
cording to the randomized block design, with each treatment replicated three times.

2.3.Irrigation

For the experiment, a drip irrigation system was employed, drawing water from
a well situated within the research area. Typically, existing literature primarily fo-
cuses on supplemental irrigation concerning wheat water requirements. However,
in this particular study, a comprehensive approach was adopted by implementing
both full and deficit irrigation strategies throughout the entire growth cycle of the
plants in response to soil moisture depletion. To ensure optimal pressure, the irri-
gation system utilized lateral pipes with a diameter of 16 mm and dripper spacing
set at 0.33 m. The emitter flow rate was 2.0 L/h. These lateral pipes were installed
at intervals of 0.40 m. The irrigation treatments used in this study were as follows:

I,- Rainfed treatment.
L, - Applying 50% of the water given for [100
I,,,- Irrigation up to field capacity.

Irrigation was applied when 50% of the available water capacity in the topsoil
layer (0-60 cm depth) was depleted.

Soil water content was determined using a neutron meter. Prior to irrigation,
neutron-meter readings were recorded at soil depths of 0-30 cm, 30-60 cm, and
60-90 cm for calibration purposes. These values were then plotted alongside the
soil water values obtained through the gravimetric method at the corresponding
depths. Based on this data, a calibration equation was established (Figure 3).
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Figure 3. Neutronmeter calibration charts

To calculate the amount of irrigation water applied to the plots, the volumetric soil
water content was assessed using a neutron meter, as described by Tuiziiner (1981).

6, =a+b(SO) 1)

where Oh represents the volumetric soil water content (%), a is the calibration
curve constant, b is the slope of the calibration line, SO is the count ratio (SO = S/
SS), Sis the neutron-meter count reading value, and SS is the standard count value.

AW=0, x ytx D/100 2)
where AW represents the current soil moisture (mm), yt represents the bulk den-
sity of the soil (g cm™), and D represents the depth of the soil to be irrigated (mm).

The amount of irrigation water applied was calculated using the following
equation.

TK —MN

s (€)
100

I= yt.D.p

where I represents the net irrigation water amount (mm), TK represents the
tield capacity (%), yt represents the bulk density of the soil (g cm™), MN represents
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the current soil moisture (%), D represents the depth of irrigated soil (mm), and p
represents the wetting ratio (strip width of the wetted area/lateral spacing).

Crop water consumption was calculated using Equation 4 based on the water
budget, taking into account the measured soil moisture values before each irriga-
tion application (Allen et al., 1998).

ETa=1+P+ Cr+AS-DP- RO @)

In the equation: ET: Crop water consumption, mm, I: Applied irrigation water,
mm, P: Precipitation, mm, DP: Deep percolation, mm, AS: Change in soil moistu-
re content in the profile, mm, RO: Surface runoff, mm, Cr: Capillary rise. In this
study, irrigation applications were conducted based on the soil moisture deficit
using drip irrigation, and because there were no groundwater issues in the field,
the values of surface runoft and capillary rise were considered to be zero.

2.4. Water Productivity

Water productivity was assessed through the division of the crop yield by the
amount of water employed. In order to ascertain water economic productivity
(WEP), the net income per unit area was divided by the specific irrigation water
utilized in that particular region, as elucidated in the investigations conducted by
Paredes et al. (2014), and Cetin and Kara (2019).

The computation of water productivity was carried out using the equation put
forth by Cetin and Kara (2019), Oweis and Hachum (2003), and Tavakol et al. (2012);

¥
WPR=E (5)
¥
- 6
WPerg FTa (6)
¥
=— (7
wp T
¥
WP p = TR (3)
¥I
WP,_p = T )
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Where; WP,: Rainfall water productivity under combined rainfall and irrigati-
on conditions, Y: Average yield achieved under rainfall and irrigation over a span
of two experimental years, R: Amount of rainfall received during the growing se-
ason, WP_.: Water productivity for actual crop evapotranspiration (kg m~), ETa:
Actual crop evapotranspiration (m? ha™), IWP: Irrigation water productivity for
the quantity of irrigation water applied in the presence of rainfall, YI: Yield incre-
ment solely attributed to irrigation (kg ha™), I: Quantity of irrigation water app-
lied (m* ha™), Y| ,: Yield under rainfall and all treatments combined (kg ha™), R:
Amount of rainfall (m*® ha™), WP, .: Water productivity under combined rainfall
(R) and irrigation (I) conditions (m* ha™), WP, .: Water productivity excluding
rainfall, based on the yield increment solely attributed to irrigation.

2.5. Statistical Analysis

The data obtained in the study were subjected to analysis of variance using JMP
v17 statistical software and were grouped according to the Tukey test at the p<0.05
probability level. Three replicates were performed for each analysis, and the out-
comes were presented as the average value accompanied by the standard deviation
(Yurtsever, 2011).

3. RESULTS

3.1 Water Consumption

The plant water consumption values for both years of the research are given
in Table 3. and Table 4 displays the data concerning water productivity, which is
obtained from yield parameters and associated with the values of plant water con-
sumption in a two-year study. In both years of the study, for the I and I,  treat-
ments, soil water contents were brought up to field capacity (FC) level prior to the
deficit irrigation treatments. Accordingly, in the first year of the study, 46.6 mm
of irrigation water was applied to the I, and I, treatments for the FC level, and
in the second year, 42.3 mm was applied. The first irrigation was conducted at the
budding stage. Subsequently, irrigations were carried out according to the subjects
when the available water amount in the 0-60 cm soil profile decreased by 50%. Ir-
rigations were terminated when the wheat grains entered the dough stage. During

this period, irrigation was conducted five times in each of the two years.
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Table 3. Corp water consumption

Growing Seasons Treatments I (mm) R (mm) s ETa (mm)
I 0 -58.4 440.4
2018-2019 L, 216.7 382 -23.6 622.3
Lo 386.7 9.1 759.6
1, 0 -48.5 432.5
2019-2020 L, 203.7 384 -24.8 612.5
Lo 365.1 -6.8 755.9

I: Irrigation; R: precipitation; AS: water exchange in soil; ETa: Actual evapotranspiration

Table 4. Water productivity according to the experimental treatments.

1 2 3 4 5 6 7 8 9 10 11 12
Growing reatments Y I R ETa YI V(Vkl;R “(Ill:g"‘ I(‘:gp “Zig‘*“ V‘(I]l:g“‘
Seasons (tha') (mm) (mm) (mm) (tha™) m) m) m) m) m)

10 1.26 ¢ 0 440.4 - 0.33 0.29 - 0.33 -
2018-2019 150 3.08b 216.7 382 622.3 1.82 0.81 0.49 1.42 0.51 0.84
1100 6.67 a 386.7 759.6 5.41 1.75 0.88 1.72 0.87 1.40

10 143 ¢ 0 432.5 - 0.37 0.33 - 0.37 -
2019-2020 150 343b 203.7 384 612.5 2 0.89 0.56 1.68 0.58 0.98
1100 6.44 a 365.1 755.9 5.01 1.68 0.85 1.76 0.86 1.37

Where; 1; rainfed, I : applying 50% of the water given for 1100, I100: irrigation up to field capacity, Y: yield, I: irrigation amount, R:
rain, ETa: actual evapotranspiration, YI: yield increased by only irrigation, WP,: rainfall water productivity under rainfall, WP__:
actual crop evapotranspiration, IWP: irrigation water productivity, WP, : water productivity under rainfall, WP, : water produc-
tivity without rainfall

Statistical analysis of the experimental results provides valuable insights into
the performance of different treatments during the growing seasons of 2018-2019
and 2019-2020. The results indicated significant variations in yield (Y), irrigation
amount (I), rainfall (R), actual evapotranspiration (ETa), and yield increase per
unit of irrigation (YT). These results indicate that compared to Treatment I, Tre-
atment I50 shows a significant decrease in yield of approximately 53.81% in the
2018-2019 season and 46.76% in the 2019-2020 season. Similarly, Treatment I, ex-
hibits the highest decrease in yield, with reductions of approximately 80.99% and
77.77% for the respective growing seasons. This suggests that as the treatment level
decreases from I to I, there is a significant decline in yield during both growing
seasons. These findings highlight the significance of proper irrigation manage-
ment and the effectiveness of Treatment I in achieving higher yields, whereas
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Treatment I, has the potential to optimize water use efficiency and improve water
productivity. The yield values obtained in the study were found to be lower than
the values reported by Chen et al. (2015), Mostafa et al., (2018), and Eissa et al.
(2018), and similar to the findings of Wang et al. (2013), and Dar et al. (2017). It is
believed that the wheat variety used, differences in fertilizer and water levels, and
the climatic conditions of the location where the experiment was conducted have
an impact on the findings.

ETa values among the treatments, I,  consistently has the highest ETa value,
while treatments I | and I, show percentage differences relative to the highest va-
lue. These differences highlight the disparities in evapotranspiration rates among
the treatments, indicating potential variations in water use and crop performan-
ce. The values obtained in the study were found to be higher than the values
reported by Umair et al. (2019), Bai et al. (2020), Shen et al. (2020), Yang et al.
(2020). It can be said that the differences in wheat varieties, climate variations,
and variations in agricultural practices have been influential in the differences
observed in the literature findings.

In the 2018-2019 growing season, the WP, values were recorded as 0.33 for
treatment I, 0.81 for treatment I_, and 1.75 for treatment I . Comparing these
values, we can observe significant variations in water productivity among the treat-
ments. Treatment I had the highest water productivity, which was approximately
116% higher than treatment I, . In the 2019-2020 growing season, treatment I had
a WP, value of 0.37, treatment I_ had a value of 0.89, and treatment I, had a value
of 1.68. Here, treatment I again displayed the highest water productivity, similar
to the previous season. The differences among treatments can be seen as treatment
I, being approximately 88.8%% higher than treatment I, . These percentage dif-
ferences highlight the significant impact of the treatments on water productivity
and suggest the importance of selecting the appropriate treatment for maximizing
water efficiency in wheat production. The values obtained in the study were found
to be higher than the values reported by Hagos G. L., (2005), Cetin and Akinci,
(2022). For WP, compared to treatment I , treatment I_ exhibited a decrease
of approximately 56% in WP, while treatment I showed a larger decrease of ap-
proximately 67% in WP_during the 2018-2019 growing season. During the 2019-
2020 growing season compared to treatment I , treatment I, exhibited a decrease
of approximately 34% in WP__, while treatment I, showed a larger decrease of
approximately 61% in WP_ .. These percentage differences highlight the significant
disparities in water productivity among the treatments, indicating potential vari-
ations in water use efficiency and crop performance. The obtained WP, values
were found to be higher than those reported by Cetin and Akinci, (2022). When
the obtained IWP data is examined, in the first year of the study treatment I_ exhi-
bited an IWP value of 1.42, while treatment I , demonstrated a higher IWP value

of 1.72. Moving on to the second year, the IWP values for treatments I_ and I
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were 1.68 and 1.76, respectively. Consistent with the previous season, treatment I, |
maintained its superiority in terms of irrigation water productivity. Collectively,
these findings underscore the consistently superior performance of treatment I, |
in terms of irrigation water productivity across both growing seasons. On the other
hand, it can be said that in irrigation at I50 level, the decrease in water productivity
has increased to acceptable levels. Irrigation at I50 level can be recommended, es-
pecially in conditions of insufficient water resources. The obtained IWP (Irrigation
Water Productivity) values were found to be higher than the findings reported by
Liu et al., (2007), Faramarzi et al., (2010,) and Cetin and AKkinci, (2022), and were
lower than Degirmenci et al. (2017). High IWP should be considered an important
target in agricultural water management. It can be stated that the main reason for
the differences between the findings obtained in the study and the literature fin-
dings is due to some variations in agricultural practices and climate conditions.

In the 2018-2019 growing season, the water productivity with irrigation + ra-
infall (WP, ) values were assessed for three treatments: I, L, and Lo with values
of 0.33, 0.51 and 0.87, respectively. The observed variations in water productivity
among the treatments indicate significant differences in their performance. Tre-
atment I, = exhibited the highest water productivity, surpassing treatment I by
approximately 163% and treatment I, by approximately 89.1%. These findings hi-
ghlight the substantial impact of treatment I  in enhancing water productivity.
In the second year of study, the W,  values for treatments I, I, , and I, were
0.37, 0.58, and 0.86, respectively. Consistent with the previous season, treatment
I, showcased the highest water productivity with irrigation plus rainfall. The per-
centage differences among treatments revealed that treatment I outperformed
treatment I by approximately 132% and treatment I, by approximately 48%. These
results consistently indicate the superior performance of treatment I in terms
of water productivity across both growing seasons. Treatment I consistently ex-
hibited lower water productivity, while treatment L, demonstrated intermediate
performance. These percentage differences underscore the significant influence of
the treatments on water productivity and emphasize the importance of considering
both irrigation and rainfall factors when assessing water use efficiency in wheat
production. In the 2018-2019 growing season, treatment I,  demonstrated a water
productivity index with a rainfall (WP, ) value of 0.84, while treatment I, | exhibi-
ted the highest value of 1.40. A comparative analysis of these values reveals subs-
tantial variations in water productivity among the treatments. Notably, treatment
I, showcased the highest water productivity index, surpassing treatment I_ by
approximately 66%. Moving to the second year of the study, treatment I, yielded a
WPLRvalue 0f 0.98, whereas treatment I 100 achieved a value of 1.37. Consistent with
the previous season, treatment I, = maintained its superior performance in terms
of the water productivity index. The percentage difference between treatments I |
and I, can be calculated as approximately 40%. These collective findings highlight

ANAJAS, 2024, Cilt 39, Sayi 2, Sayfa 247-267



Rohat GULTEKIN, Tugba YETER, Ceren GORGISEN

the consistent superiority of treatment I in terms of water productivity index
with rainfall across both growing seasons. The water productivity index with irri-
gation plus rainfall (WP, ) and water productivity index with rainfall (WP ) va-
lues obtained in our study was higher than the findings reported by Cetin (2022).
Although precipitation has a relatively balancing effect on water productivity va-
lues, when considering irrigation water values alone, the importance of irrigation
in reducing plant stress is quite significant depending on the applied treatments.
The higher water productivity observed with respect to irrigation levels indicates
a strong water-yield response of the crop. Additionally, it should be noted that the
choice of wheat variety, as well as climate and soil characteristics, significantly inf-
luence water efficiency.

3.2.Yield and Yield Components

The results of the variance analysis for specific physiological parameters of
wheat are presented in Table 5, while the Tukey groupings are detailed in Table 6.

Table 5. Variation table of same morphologic parameters of wheat

PH DIN

Variation Source  sd (em) NT  NPP (cm) GPS NS SGW  TGW YLD PR HI
Irrigation level (I) 2 o - - * ot * ot - o * o
Year (Y) 1 ns ns ns ns ns ns ns ns ns ns ns
YxI 2 ns ns * ns ns ns ns ns ns ns ns
Error 8 12.59  0.09 0.01 2.10 7.88 19542 0.02 100.97 251616 1.19 16.61
CV(%) 4.9 8.6 22 12.9 9.0 11.0 15.1 13.1 13.5 6.6 13.9

Where PH: plant height, NT: number of tillering, NPP: nodes per plant, DTN: distance from top node, GPS: number of grains per
spike, NS: number of spikes, SGW: spike grain weight, TGW: thousand-grain weights, YLD: yield, PR: protein rate, HI: harvest index.
Values in a column followed by the same letter are not significantly different at P<0.05. NS indicates no significant difference and *
and ** indicated significance at P<0.05 and P<0.01

Regarding the irrigation level (I), statistically significant differences were ob-
served for most of the parameters, with significance at the P<0.05 and P<0.01 le-
vels. The parameters such as PH (cm), NT, NPP, DTN (cm), GPS, SGW, TGW,
YLD, PR, and HI exhibited significant variations among different irrigation levels.
Except for the NPP, the combination of year and irrigation level (Y x I) did not
exert a notable influence on the measured parameters.
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Table 6. Grouping results according to Tukey’s test.

Irrigation  PH DIN NS SGW  TGW YLD PR HI
NT NPP GPS
level (I) (cm) (cm) (sp.m?) () (€] tha' (%) (%)
| 812a+ 44a+ 4lat 137a+ 393a+ 4600a+ 148a+ 372a+ 6.6a+ 17.7a+ 42la+
100 3.9 0.3 0.1 0.9 2.9 35.4 0.1 1.50 0.06 0.6 3.0

714b+ 35b+ 39b+ 11.9b+ 334b+ 4087b+ 0.88b+ 249b+ 33b+ 163b+ 281bt
0 3.0 0.3 0.1 1.0 3.1 46.0 0.1 3.4 0.04 1.2 36

644c+t 280c+t 37c+ 8lcx 20.lcx 3347c+ 0.63c+ 191c*t 13c*t 152c+ 177c+
0 2.4 0.1 0.1 1.6 2.6 34.1 0.1 2.9 0.02 0.6 2.6

Where I: rainfed, I, : applying 50% of the water given for I , I : Irrigation up to field capacity, PH: plant height, NT: number of

100 100

tillering, NPP: nodes per plant, DTN: distance from top node, GPS: number of grains per spike, NS: number of spikes, SGW: spike
grain weight, TGW: thousand-grain weights, YLD: yield, PR: protein rate, HI: harvest index.

Table 6 presents the results obtained from the analysis of different treatments
using Tukey’s test. Treatment 1100, representing irrigation up to field capacity, de-
monstrated the highest values for most of the measured parameters. It had the
highest plant height (81.2 cm), number of tillering (4.4 pieces/plant), nodes per
plant (4.1), distance from the top node (13.7 cm), number of grains per spike
(39.3), number of spikes (460.0), spike grain weight (1.48 g), thousand-grain we-
ight (37.2 g), yield (6.6 t ha-1), protein rate (17.7%), and harvest index (42.1%).
Comparatively, treatment I , which received 50% of the water given to I, , exhibi-
ted lower values for these parameters, followed by treatment I (rainfed), showing
the lowest values. The percentage differences between treatments can be observed
by comparing the values. Treatment I generally outperformed the other treat-
ments, showing significant improvements in most of the measured parameters. For
example, treatment I,  had approximately 14.4% higher plant height, 25.7% more
tillering, 5.1% more nodes per plant, 41.2% greater distance from the top node,
17.6% more grains per spike, 12. 6% more spikes, 67.7% higher spike grain weight,
93.5% greater thousand-grain weight, 99.2% higher yield, 6.1% higher protein rate,
and 50.7% higher harvest index compared to treatment L. The results indicate that
irrigation up to field capacity (I, ) led to improved plant growth, grain production,
and overall crop performance compared to the other treatments. These findings hi-
ghlight the importance of adequate irrigation in achieving higher yields and better
quality in wheat cultivation.

The obtained findings indicated that the plant height (PH) values were lower
compared to the results reported by Li et al. (2015), and Memon et al. (2021), while
they were similar to the findings of Wang et al. (2010), Sarwar et al. (2010), Gao
et al. (2020). The plant height can be considered as a significant outcome of water
stress, which is dependent on the variety. In the conducted study, the plant height
under full irrigation conditions was found to be higher compared to reference va-
lues. The results of plant height (PH) generally showed compatibility with literatu-
re in similar conditions. NT values were found lower than the results reported by

ANAJAS, 2024, Cilt 39, Sayi 2, Sayfa 247-267



Rohat GULTEKIN, Tugba YETER, Ceren GORGISEN

Ye et al. (2015), Sun et al. (2023) and similar to the findings of Sarwar et al. (2010)
and Shang et al. (2021). NT primarily depends on the plant variety used and can be
considered an important indicator of stress for wheat under drought conditions.
High drought stress can promote early maturation and inadequate tillering in whe-
at. The NPP values obtained in this study were found to be within acceptable ranges
for the selected wheat variety under full irrigation, aligning with findings reported
in similar research. Conversely, under conditions of drought stress, characterized
by the promotion of early maturation in wheat, the NPP values were lower in de-
ficit irrigation and rainfall treatments. In other words, the development of nodes
and leaves in plants is influenced by the moisture content and water availability in
the soil (Roberts and Mattoo, 2018). The observed NPP values demonstrated sig-
nificant similarity to the findings of Magbool (2015) and Aurangzaib et al. (2021),
while surpassing the results reported by Onyemaobi (2017). These results highlight
the sensitivity of NPP to irrigation conditions and emphasize the importance of
appropriate water management strategies in optimizing wheat productivity. The
parameter is known as DTN (distance from the top node) is defined as the distance
between the spike node and the first node directly below it in wheat plants. It was
observed that a higher DTN value was positively correlated with a higher wheat
yield. These findings regarding DTN values are consistent with the results reported
by Aurangzaib et al. (2021), while being lower compared to the studies conducted
by Wang et al. (2015) and Yu et al. (2020). These results highlight the importance
of considering the DTN parameter as a potential indicator for wheat yield and its
potential implications in agricultural practices. The number of grains per spike
(GPS) is a crucial parameter strongly correlated with wheat yield. Consequently,
it is one of the key parameters closely monitored by producers. In our study, we
observed a consistent parallel relationship between GPS values and yield across all
irrigation levels. However, the obtained GPS values were lower compared to the
findings reported by Wang et al. (2015), Aurangzaib et al. (2021), and Memon et
al. (2021). It is important to note that GPS values can vary depending on factors
such as wheat variety, climate conditions, and agricultural practices. The number
of spikes per square meter is directly related to the germination power and tillering
count. The obtained NS values in the research exhibited similarity to the findings
of Li et al. (2015), Ebrahimnejad and Rameeh (2016), while they were higher than
the results reported by Rahman et al. (2016), Rivera-Amado et al. (2019). The spi-
ke grain weight (SGW) is among the key factors directly influencing wheat yield.
In particular, drought stress during the spike maturation process can significantly
affect grain weight. Therefore, the correlation between grain weight and deficit ir-
rigation practices serves as an important reference for irrigation management. The
obtained SGW (spike grain weight) values in the research were found to be similar
to the findings of Kutlu and Olgun (2015), but lower than the results reported by
Ebrahimnejad and Rameeh (2016), Rajput (2019), Glenn et al., (2021), Memon et
al. (2021). The thousand-grain weight (TGW) in wheat can be significantly affe-
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cted by the level of drought stress during the milk ripening stage, similar to spike
grain weight (SGW). Adequate irrigation fulfillment during this phenological sta-
ge plays a crucial role in determining TGW, leading to significant differences in
grain weight. The present study investigates the impact of different irrigation levels
on TGW, highlighting its importance in wheat production. The obtained results
showed lower TGW compared to the findings of Xu et al. (2018) and Rivera-Ama-
do et al. (2019), while demonstrating similarity to the results reported by Ye et al.
(2015) and Feng et al. (2018). The morphological changes observed in wheat under
different levels of drought stress have varying impacts on wheat yield (YLD). The
conducted study revealed that the wheat yield was similar to the findings of Feng
et al. (2018), Rivera-Amado et al. (2019), and Gao et al. (2020), but higher than
the results reported by Memon et al. (2021). It should be noted that the choice of
wheat variety and various agricultural practices can significantly influence yield
outcomes. Protein ratio (PR) is an important quality parameter for wheat. It is cru-
cial to meet the wheat’s nutrient and water requirements adequately throughout its
growth stages. Under drought stress, insufficient development often leads to lower
protein content. In the conducted study, it was found that the protein content was
inversely proportional to the severity of drought stress. The results obtained in
the research were higher than the results reported by Zeleke and Nendel (2016),
Rathore et al. (2017), and Zhang et al. (2017). These findings highlight the negati-
ve impact of drought stress on protein content and emphasize the importance of
addressing water management strategies to optimize wheat quality. The harvest
index (HI) is a measure that quantifies the proportion of grain yield in relation to
the overall biomass of plants. Under drought stress, inadequate physiological deve-
lopment leads to a weak grain yield. Conversely, under non-stress conditions, the
opposite occurs. The obtained HI values in the study were similar to the findings
of Ebrahimnejad and Rameeh (2016), and Rathore et al. (2017), but lower than the
results reported by Wang et al. (2015), Rivera-Amado et al. (2019). The conducted
study revealed significant variations in the HI value under different drought levels,
with an inverse relationship between HI and increasing water stress.

3.2 Multivariate Correlations

The correlation analysis conducted in the study to determine the level of inte-
raction among various physiological parameters (crop height, number of tillering,
nodes per plant, distance from top node, number of grains per spike, number of
spikes, spike grain weight, thousand-grain weights, yield, protein rate, harvest in-
dex) in wheat plants is presented in Figure 4.
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Figure 4. Correlation levels of some morphological parameters in wheat.

Where PH: plant height, NT: number of tillering, NPP: nodes per plant, DTN:
distance from top node, GPS: number of grains per spike, NS: number of spikes,
SGW: spike grain weight, TGW: thousand-grain weights, YLD: yield, PR: protein
rate, HI: harvest index. The correlations were estimated using the pairwise method.

The correlation table presents the relationships between the various morpho-
logical parameters of wheat. The correlation coefficients, which ranged from -1 to
1, elucidated the strength and direction of the relationships. A value closer to 1 in-
dicated a robust positive relationship, while a value nearer to -1 indicated a strong
negative relationship. Values close to 0 suggested the absence of a relationship. The
table displayed numerous robust positive correlations among the parameters. For
instance, plant height (PH) showed strong positive correlations with the number
of grains (NG; r = 0.8877) and the harvest index (HI; r = 0.8971). This suggests
that taller plants tend to have more grains and higher harvest indices. Similarly, the
number of tillers (NT) was strongly and positively correlated with thousand-grain
weight (TGW; r = 0.8552) and yield (YLD; r = 0.9061). This indicates that plants
with more tillers generally have higher thousand-grain weights and yields. The
number of nodes per plant (NP) also showed a strong positive correlation with the
number of grains (NG; r = 0.8400), suggesting that plants with more nodes tended
to have more grains. The distance from the top node (DTN) had a strong positive
correlation with the number of grains (NG; r = 0.7912), indicating that plants with
greater distances between nodes tended to have more grains. The table also reve-
als strong positive correlations between yield (YLD) and other parameters, such
as thousand-grain weight (TGW; r = 0.9046) and harvest index (HI; r = 0.9259).
This suggests that higher yields are associated with higher thousand-grain weights
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and harvest index values. In conclusion, the strong positive correlations obser-
ved between several parameters, such as plant height, number of tillers, nodes per
plant, distance from the top node, number of grains, thousand-grain weight, yield,
and harvest index, highlight the interconnected nature of these traits and their
potential influence on overall crop productivity. Understanding these relationships
can help inform agricultural practices and optimize wheat production.

4, CONCLUSION

This research has demonstrated that irrigation treatments play a pivotal role
in optimizing wheat yield and water productivity under drought conditions. The
study’s findings reveal that maintaining soil moisture up to field capacity (Treat-
ment I, ) not only maximizes wheat yield but also enhances water productivity
significantly compared to other treatments (I,  and I ). The data showed that Tre-
atment I, where irrigation was maintained at field capacity, consistently achieved
the highest yield and water productivity across two consecutive growing seasons. It
resulted in superior growth in terms of plant height, tillering, grain per spike, and
other yield-contributing factors. On the other hand, the I, treatment, which rece-
ived 50% of the water provided to I, demonstrated a balance between reduced
water use and crop yield, highlighting its potential as a water-efficient irrigation
strategy. The rainfed treatment (I ) displayed the lowest yield and water produc-
tivity, underscoring the critical need for adequate irrigation in wheat cultivation
under drought conditions.

The results underline the importance of adopting strategic irrigation manage-
ment to cope with water scarcity while maintaining crop performance. Future stu-
dies should explore the scalability of applying such differential irrigation levels in
diverse agro-climatic scenarios to validate the robustness of these findings across
various environmental conditions.
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SAMSUN iLi KOYUN iSLETMELERINDE UREME
PERFORMANSI VE ET URETiIM POTANSIYELI

0z

Bu ¢alisgmada Samsun ilindeki 3508 kiigitkbag hayvancilik isletmesindeki ko-
yunlarin kuzulama orani (KO), ikizlik oran1 (10), kuzu verimi (KV) ve kog altt
koyun bagina kuzu sayisi (dogumda siirii kuzu tiretimi; DSKU) gibi tireme perfor-
manst kriterlerinin ve koyun eti tiretim potansiyelinin belirlenmesi amaglanmistur.
Caligma, 2019-2020 yillarinda Samsun ilinin merkez ve ilgelerindeki 86 tiretici ile
yuz ylize anket yapilarak ytiriitiilmistir. Ankete alinan isletmeler, orantili tabakali
ornekleme ve her tabakadan amagh 6rnekleme yontemine gore belirlenmistir.

Ankete alinan koyun isletmelerinin incelenen iireme performans kriterleri ba-
kimindan farkli olduklar: tespit edilmistir (P<0.001). Ayrica, KO, IO, KV ve DSKU
bakimindan siirii bityiikligi, irk ve ilgeler arasinda 6nemli farkliliklar oldugu
P<0.001) belirlenmistir. Ankete alinan isletmelerin sadece %15’inin ekonomik ge-
lirlerini koyunculuktan sagladig1 ve bu gelirin ortalama bes kisi tarafindan payla-
sildig1 saptanmustir.

Calismada, Samsun ilindeki mevcut koyun varligi ve tireme performans ile
kuzu ve koyun eti iiretim potansiyelinin 2938.1 ton oldugu tahmin edilmistir. Ure-
me performansi ve et iiretim potansiyeli ile ilgili sonuglar ildeki mevcut koyun ve
kuzu tiretim modellerinin iyilestirilmesi gerektigini gostermistir.

Anahtar Kelimeler: Koyun Eti, Kuzu Verimi, Kuzulama Orany, Ikizlik Orani.

s

REPRODUCTIVE PERFORMANCE AND MERAT PRODUCTION
POTENTIAL IN SHEEP FARMS IN SAMSUN PROVINCE

ABSTRACT

This study, it was aimed to determine the reproductive performance criteria
lambing rate (LR), twinning rate (TR), litter size (LS), and number of lambs per
ewe joined to ram (NLEJR) or fecundity (FEC) and sheep meat production poten-
tial in 3508 sheep farming enterprises in Samsun province.

The study was conducted by using a face-to-face survey with 86 producers in
the central and surrounding districts of Samsun province in 2019-2020. The en-
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terprises included in the survey were determined according to the proportional
stratified sampling and purposeful sampling method from each stratum.

It was determined that the surveyed sheep enterprises were different regar-
ding the reproductive performance criteria examined (P <0.001). Additionally, it
was determined that there were significant differences between herd, breed, and
districts in terms of LR, TR, LS, and FEC (P<0.001).

It was determined that only 15% of the surveyed enterprises attained their
income from sheep farming and that this income was shared by an average
of five people.

In the study, with the current sheep presence and reproductive performance
in Samsun province, it was determined that the lamb and sheep meat production
potential was 2938.1 tone. The results regarding the reproductive performance and
meat production potential showed that the current sheep and lamb production
models in the province should be improved.

Keywords: Mutton Meat, Litter Size, Lambing Rate, Twin Rate.

e 2 2%
1. GIRIS

Koyun vyetistiriciliginde kuzu verimi isletmelerin karliligini belirleyen temel
faktorlerden biridir. Popiilasyonun genetik yapisi ve siiril yonetimi gibi bir birine
bagli bir ¢ok faktor pazarlama agamasinda stirii verimliligini etkilemektedir (Cam
ve ark., 2017; Sallam, 2019; Farrell ve ark., 2022). Diinyanin topografik yap: ve
mera kaynaklarinin koyun yetistiriciligine uygun olan cografyalarinda, koyun eti
dretimi insanlarin hayvansal protein ihtiyaglarinin karsilanmasinda 6nemli bir
hayvansal dirtindiir (Sallam, 2019; Hussain ve ark., 2019). Tiirkiye, topografik yapi,
mera durumu ve sosyo-Kkiiltiirel yapr bakimindan koyun vyetistiriciligine uygun
olup geleneksel ve otlatmaya dayal olarak stirdiiriilmekte ve diinya koyun popii-
lasyonunun %3.52’sine sahip bulunmaktadir (FAO, 2022).

Koyunculuk isletmelerinde et, 6zellikle kuzu eti iiretimi, ekonomik gelirin en
6nemli kalemini olusturmaktadir (Moloney ve ark., 2023). Tiirkiye de dahil, diin-
ya genelinde kuzu eti iiretiminin yaklasik %50’si meraya dayali tiretim sistemine
dayanmaktadir (Herrero ve ark., 2013; Ye ve ark., 2020). Tiirkiyede kiicitkbas hay-
vanlarin degerlendirebilecegi otlama alanlar1 (mera, orman alt1 ve orman igi alanlar,
yaylalar, aniz, nadas alanlar1) ve kaba yem iiretim potansiyeli dikkate alindiginda il-
kedeki koyun eti firetiminin mevcut potansiyelin ¢ok altinda oldugu anlagilacaktir.
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Koyun yetistiriciliginde karlilik, masraflarin biiyiik kismini olusturan besleme-
nin meradan kargilanmasina baglidir. Ancak mera alanlarinin giderek daralmast,
var olan yapilarinin bozulmasi, merada hayvanlari otlatmada ¢oban bulunama-
mas1 koyun vyetistiricilerinin 6nemli sorunlar1 arasinda yer almaktadir. Coban
bulma sorununun da etkisiyle, yetistiricilerin stiriillerinde cinsiyet ve yas gibi bir
ayrim uygulayamamast siirii yonetimi ve verimliligini etkilemektedir. Bazi biling-
li yetistiriciler kendi aralarinda birinin erkek hayvanlara, digerinin ise disi hay-
vanlara bakmasi gibi ¢6ztimler iiretmektedirler. Disi ve erkek karigik yetistirilen
stiriilerde, geng disilerden cinsi olgunluga ulasanlar ilk kizginliklarinda gebe ka-
labilmektedirler ki bu durum tireme performansini etkileyen faktorlerden biridir
(Freitas-de-Melo ve ark., 2022).

Verim artis1 hayvan sayisinin artirilmasi ya da bir hayvandan elde edilen verim
miktarinin artirilmasi ile gergeklestirilmektedir. Hayvan varliginin artirilmasinda
tireme ozelliklerinin iyilestirilmesi 6nemlidir. Ureme performansinin iyilegtiril-
mesinde ilk gebelik yasi, iki dogum arasi siire, bir disi hayvandan damizlikta tu-
tuldugu siire icerisinde elde edilen yavru saysi gibi faktorler 6nem kazanmaktadir
(Wilson ve Traoré, 1988; Farrell ve ark., 2020; Prache ve ark., 2022).

Koyun yetistiriciliginde tireme performansinin artirilmas: kadar, kuzu 6lim-
lerinin de minimum diizeyde tutulmas: ¢ok 6nemlidir (Freitas-de-Melo ve ark.,
2022). Kasaplik ve damizlik kuzu sayisi, asim 6ncesinde ovulasyon oraninin ar-
tirllmasina yonelik flushing beslemesi (Ocak ve ark., 2006), fetal bityiimenin
yiiksek oldugu dénemdeki bakim ve besleme (Ocak ve ark., 2005) ile dogum
sonrasi ana-yavru iliskisinin kurulmas: (Cam ve ark., 1999), kuzularin agiz siitii
titketimlerinin saglanmasi ve siitten kesimden kuzularin pazarlanmasina kadar
gecen siireceteki uygun bakim ve beslenmesine baglidir (Cam ve ark., 2017). Is-
letmedeki kuzu verimlerinin diigiik olmasinin en 6nemli nedenlerinden birisi er-
ken embriyonik dliimler yaninda, dogumdan siitten kesime kadarki siiregte ye-
terli bakim ve beslemenin yapilmamasidir (Ocak ve ark., 2005, 2006; Yilmaz ve
Cam, 2023). Koyun yetistiriciliginde ekonomik geliri artirmanin temelini siiriiniin
treme performansinin artirilmasi ve elde edilen yavrularin kayip verilmeksizin
degerlendirilmesi olugturmaktadir. Bu siire¢ agim 6ncesinde fazla sayida ovulasyo-
nun tesvik edilmesi i¢in flushing olarak isimlendirilen besleme uygulamasiyla bas-
lamakta ve elde edilen kuzularin ekonomiye kazandirilmasina kadar siirmektedir.
Kuzu kayiplarinin 6nemli bir boliimii, bilyiik oranda bakim ve besleme diizeyine
bagli olarak ovulasyonla siitten kesim arasinda gerceklesmektedir (Willingham ve
ark., 1986; Yilmaz ve Cam, 2023). Bu nedenle kuzu iiretimi ve dolays1 ile kuzu eti
tiretiminde kazang, kogalt1 koyun basina elde edilen kuzu sayisina ve kuzularin
yasama giicline bagh olarak pazarlanan kuzu sayisina gore degismektedir (Vostry
ve Milerski 2013; Cam ve ark., 2018). Kuzu yasama giicii, genetik faktorlerden
daha ziyade (h* = 0.002 ile 0.112 ) gevresel ve yonetimsel unsurlardan (ananin yast,
ananin dogum sayisi, batindaki yavru sayisi, kuzunun cinsiyeti, dogum mevsimi,
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dogum yili, kuzunun dogum agirligi vb.) etkilendiginden, kuzu kayiplarinin azalti-
labilmesi yetistirici hassasiyetine bagli olarak bu ¢evresel etkenlerin optimize edil-
mesine baglidir (Farrell ve ark., 2020; Farrell ve ark., 2022; Yilmaz ve Cam, 2023).

Koyunculuk yapilan her bir gevrenin iiretim yapisinin, tiretim kosullarinin ve
dretim potansiyelinin belirlenmesi koyunculugun kirmizi et iiretimdeki paymnin
artigina katki saglayacaktir. Samsun, Tiirkiye'nin bitkisel ve hayvansal tiretim (bii-
yiik ve kiigiikbas) potansiyeli yiiksek olan illlerinden biridir. Nitekim ildeki mevcut
55697 hayvancilik isletmesinin 3508’inde (%6.3) koyun ve kegi yetistiriciligi yapil-
maktadir (Anonim, 2022; TUIK, 2022). Bu nedenle, bu ¢alismada Samsun ilindeki
koyun yetistiriciliginin tireme agisindan durumu, koyun ve kuzu eti tiretim potan-
siyelinin incelenmesi amaglanmigtir.

2. MATERYAL VE YONTEM

Bu calismanin Ondokuz Mayis Universitesi Sosyal ve Beseri Bilimler Etik Ku-
rulu (2020/830) yonergesine uygunlugu onanmuistir.

2.1. Materyal

Calisma, cografi konum olarak 40° 50’ - 41° 51" kuzey enlemleri, 37° 08’ ve
34° 25" dogu boylamlar: arasinda yer alan ve 3508 kiigtikbag hayvancilik isletmesi
bulunan Samsun ilinde yiiriitiilmistiir. fldeki koyun yetistiriciligi yapan isletme ve
bu isletmelerdeki hayvan sayilari ile ilgili bilgiler (Cizelge 1) Samsun il Tarim ve
Orman Midirligt (Anonim, 2022) kayitlarindan alinmistir.

Cizelge 1. Samsun ili ilcelerindeki koyunculuk isletmeleri ve koyun sayilar: (KS)*
Table 1. Sheep farms and the number of sheep (NS) in Samsun province and its districts

Isletme Bagi Koyun Sayist ~ Number of Sheep Per Farm

ilgeler is KS
Districts NF NS En Az - En Fazla Ortalama -Mean
Min.-Max.

19 May1s 122 3542 5-220 29
Alagam 253 14520 5-700 57
Asarcik 35 1650 5-510 47
Atakum 91 6174 5-733 68
Ayvacik 52 2734 5-150 58
Bafra 716 38420 5-600 54
Canik 203 7000 5-450 34
Cargamba 195 14706 5-300 75
Havza 283 15911 5-600 56
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flkadim 50 3590 5-320 72
Kavak 87 7784 5-692 90
Ladik 166 16440 5-1004 99
Salipazari 33 2600 5-180 79
Tekkekoy 285 20464 5-600 72
Terme 68 2900 5-513 43
Vezirkoprit 770 40500 5-450 53
Yakakent 99 5707 5-420 58
Toplam (Total) 3508 204639 5-1004 58

*: Samsun ilgelerinin koyun mevcudu (Anonim, 2022). Sheep population of Samsun districts (Anonim, 2022). IS:
isletme say1s;; NF: number of sheep farms

2.2.Yontem

Calismada, Samsun ili koyunculuk isletmelerinde siirii tireme performansi ve
kuzu tiretim potansiyelinin belirlenmesi amaciyla toplam 3508 adet kii¢iikbag hay-
van isletmesi i¢erisinden Tabakalama 6rnekleme yontemine gére toplam popiilas-
yonun %2.5’ini olusturacak sekilde (Isik, 2006; Ozalp ve Sayin, 2018) her tabaka-
dan isletmeler rastgele se¢ilmistir.

Ankete alinan isletmelerin se¢iminde ilgelerin sahip olduklar1 hayvan sayis
g6z oniinde bulundurulmus, merkeze yakin olan Canik ve ilkadim hari¢ koyun
say1s1 10.000 bas hayvandan diisiik olan ilgeler caligmaya dahil edilmemistir. Anket
yapilacak ilgeler belirlendikten sonra, isletmelerin sahip olduklar1 hayvan sayilar:
6 gruba ayrilmis (0-50, 51-75, 76-104, 105-150,151-200, 200 iistii) ve isletmeler
gruplardaki hayvan sayilar1 dikkate alinarak tesadiifen se¢ilmislerdir. Tabakalama-
nin tegkilinde poptilasyonunu olusturan isletmelerin hayvan sayisi, bakim besleme
ve koyun 1rki bakimindan farkliliklar gosterdigi dikkate alinarak, bu yap1 igerisin-
deki isletmeler hayvan varliklar1 bakimindan birbirine yakin gruplara (tabakala-
ra) ayrilmis ve her gruptan ankete dahil olacak isletme sayis1 belirlenmistir. Her
tabakadan ana kitleyi temsil etme durumlarina gore isletmeler ayr1 ayri bilingli
(amagl1) ve tesadiifi olarak belirlenmis (Isik, 2006) ve ¢calismaya dahil edilmislerdir.
Anket yapilacak yetistiriciler belirlenirken, koyunculuk faaliyetini ana gelir kay-
nag1 olarak goren ve ireticilerin durumunu yansitabilmesi i¢in en az 50 bas siirii
buylikliigiine sahip olan isletmelerle anket yapilmasina dikkat edilmistir. Ancak
daha 6nceden siirti buytikliga 100 basin tizerinde olan ama sonra 50 bas veya bu-
nun biraz altinda olan 5 isletme de ankete dahil edilmistir. Toplam 86 adet isletme
ile anket yapilmustir. Tlgelere gore ankete alinan isletmeler, isletmelerdeki en diisiik,
en yiiksek ve ortalama hayvan sayilar1 Cizelge 2'de verilmistir.
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Cizelge 2. Tlgelere gore ankete alinan igletme sayilar1 ve islemelerdeki hayvan sayilart

Table 2. Number of the farms surveyed and number of animals in processing by districts

ilgeler is En Diisiik-En Yiiksek Koyun Sayis1 Anketteki Pay1
Districts NF Min.- Max. Number of ewes Share in Survey
Alacam 12 70-300 2303 16.44
Bafra 9 50-300 1294 9.24
Canik 8 60-250 1144 8.17
Carsamba 21 80-303 3744 26.73
Havza 11 23-189 957 6.83
ilkadim 1 109-109 109 0.78
Ladik 6 120-300 1060 7.57
Tekkekoy 11 103-250 1986 14.18
Vezirképrii 7 50-350 1408 10.05
Toplam (Total) 86 23-350 14005 100.00

IS: ankete dahil igletme say1s1, NF: number of farms in survey; Min: Minimum, Max: maximum

2.1. Anket Yontemi ve Elde Edilen Veriler

Anketler yetistiricilerle yiiz ylize goriismelerle ve genellikle siirtilerin yaninda
yapilmustir. Anket sorulari, yetistiriciyi biktirmayacak sekilde, isletme calisanlari,
isletmelerin yapisal 6zellikleri, faaliyet alanlari, stirii bitytiklagi, stirtiniin genetik
yapisy, yetistirilen koyun sayilari, koyunlarin bakimlari, beslenmeleri, iireme per-
formanslari, ko¢ katim usulu (serbest, kontrollit asim), koglarin damizlikta tutul-
ma streleri (kullanilan damizlik koglarin nasil secildikleri, nereden ve nasil temin
edildigi), elde edilen kuzu sayilari, kuzularin dogum, pazarlama agirliklari, 6len
kuzu sayilar1 ve 6liim nedenleri, kuzularin pazarlama durumlarini belirlemeye y6-
nelik hazirlanmgtir. Iletmelerin faaliyet alanlar1 ve isletmelerin toplam gelirlerin-
de koyun yetistiriciliginin pay1 da ankete verilen cevaplara dayanmaktadir. Anket
toplamda 27 sorudan olugturulmus ve tim veriler ankete verilen cevaplardan elde
edilmistir. Stirtiniin morfolojisinde dikkat ¢eken durumlarla kargilagildiginda han-
gi 1rk yada irklarin kullanildig1 sorgulanmus ve siirii genotipinin dogru tespitine
galigilmistir.

2.2. Et Uretim Potansiyeli

Samsun ili kuzu ve koyun eti tiretim potansiyeli ve projeksiyonu icin, il koyun
mevcudu, bu potansiyel igerisinde kogalt1 koyun sayisi, ayiklanan hayvanlarin ye-
rine gelecek siirii ikame oranlar: (disi i¢in %30, erkek i¢in %4), koyunlarin iireme
performanslari (gebelik, ikizlik), KV, kuzu yasama giicti, karkas agirligr kuzularin
pazarlama agirligy) ile ilgili edinilen veri ortalamalar1 kullanilmigtir.
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Et tiretim potansiyelinin hesaplanmasinda, ¢alismadaki ortalama ikizlik orani
(%21.58) kullanilmustir. Ayrica hesaplamada siiri mevcudunun sabit ve damiz-
lik disilerden olustugu, her yil stiriideki damizlik disilerin %30’unun, koglarin da
%4’tiniin ayiklandig1 6n gortlmistir. Ayiklanan damizlik disilerin (%30) yerine
geng disilerin ve damizliktan ¢ikarilan koglarin (25 koyuna bir ko¢ %4) yerine er-
kek kuzulardan ikame yapildig: varsayilmistir (Farrell ve ark., 2020). Damizliktan
¢ikarilan ergin disi koyunlar ve koglar koyun eti tiretim kaynag olarak degerlendi-
rilmistir. Damizlik dig1 birakilan koyun ve koglarin yerine dogan kuzulardan ikame
yapildiktan sonra geriye kalan erkek ve disi kuzular kuzu eti tiretim kaynag olarak
degerlendirilmistir. Kuzu kesim agirliklar1 igin yetistiricilerin bildirdigi kuzu pa-
zarlama agirliklar baz alinmistir. Bu deger canli agirlik olarak ortalama 36,82 kg
ve karkas randimani bolgede yapilan bir ¢alismadan elde edilen karkas randiman:
baz alinarak %45 olarak alinip karkas agirlig1 16.57 kg hesaplanmigir (Olfaz ve ark.,
2005; Cam ve ark., 2017). Kuzularin bu karkas degerleri TUIK (2022)’in Tiirkiye
koyun eti tiretimi i¢in bildirdig 22.69 kg karkas agirligindan disiiktiir. Damizlik
dig1 birakilan yash kog ve koyunlarin karkas agirliklar1 ise TUIK (2022) verileri
baz alinmustir.

2.3. Ureme Performansi Kriterleri

Ureme performanst ve kuzu iiretiminin belirlenmesinde, ankette yer alan
sorularin cevaplarindan yararlanilarak asagidaki kriterler hesaplanmustir. Yetistiri-
ci kosullarinda 6zellikle ekstansif yetistiricilikte gebelik oranlarini (GO) belirmek
i¢in embriyo oOliimleri, erken fotiis kayiplarini belirlemek gii¢ oldugu i¢in dogum
yapan koyunlarin gebe olduklari, dogurmayanlarin da kisir olduklar1 (GO=KO)
kabul edilmistir.

Gebelik orani (GO) = [(Gebe kalan koyun sayist) (Kogalt: koyun sayis1)™] x 100

Kuzulama orani (KO)= [Kuzulayan koyun sayisi (KKS) Kogalti koyun sayisi
(KAKS)'] x 100

Dogumda siirii kuzu iretkenligi (DSKU) (fecundity, FEC )= [Dogan toplam
kuzu sayisi (DTKS) Kog alt1 koyun sayisi (KAKS"'] (Cam ve ark., 2017)

Ikizlik Oran1 (I0)= [ikiz doguran koyun sayisi (IDKS) Doguran koyun sayist
(KKS)'] x 100 .

Kuzu verimi (KV, Litter size LS), Doguran koyun basina dogan kuzu sayisi
(DKBDKS)= [(DTKS) Doguran koyun sayisi: (DKS)"] formiiliinden hesaplanmistir
(de Graaf, 2010; Kaymakg, 2016).
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2.4. Analiz YOntemi

Caligmadan elde edilen dogum ve siitten kesim agirliklarina ait veriler SPSS
(2021) paket programinda degerlendirilmistir. Caliymada tamamiyla sansa baglh
deneme planina gore varyans analizi yapilmistir. Gruplarda tek siiriiye sahip islet-
meler kuzu dogum ve pazarlama agirlig1 bakimindan ortalama kargilastirilmasina
dahil edilmemistir. Isletmelerdeki siiriilerin ilge, 1rk ve hayvan sayilar1 (grup) baki-
mindan aralarindaki kuzulama (gebelik) oranlari, kuzu verimi (litter size), ikizlik
orani, dogumda siirii kuzu tiretkenlik degerleri (fecundity) ve kuzu yagama giicii
oranlarinin degerlendirilmesinde ¥* testinden yararlanilmstir.

3. BULGULAR VE TARTISMA

Samsun ilindeki isletmelerin %30’nun hayvan sayisinin 50 bastan daha az ol-
dugu belirlenmistir (Cizelge 1). Bu durum, Tiirkiye genelinde kiigiikbas hayvan
yetistiriciligi icin genel bir olgudur (TUIK, 2022). Siiriilerin énemli bir kisminda
hayvanlarin morfolojik olarak homojenliklerinin bulunmadigy, stirityii temsil eden
rrkin disinda damizlik kog kullaniminin yapildigr gozlenmistir. Tiirkiyede koyun
yetistiriciligi cogunlukla mera ve yaylaya dayali otlatma sistemine bagli olarak ya-
pilmaktadir. Bu nedenle, mera alanlarinin giderek daralmasi, var olan yapilarinin
bozulmasi, merada hayvanlar1 otlatmada ¢oban bulunamamasi gibi problemler
hem isletme sayisinin hem de isletmelerdeki hayvan sayisinin azalmasina neden
olmaktadir. Dolayisiyla her bir isletme i¢in yukarida sayilan problemlerin yetisti-
rici birlikleri ve/veya devlet tarafindan ¢oziime kavusturulmas: kiicitkbag hayvan
yetistiricigi yapan isletmelerin tiretimdeki pay1 ve karliligini yiikseltecektir.

3.1. Koyunculuk isletmelerinde Koyunlarin Ureme Performanslari

Isletmelerdeki siirii yapisina ve siirii iireme performanslarina ait bilgiler, siirii
yaninda yapilan anketlerdeki, stiriiniin genel yapisina ait bilgilerden elde edilmis ve
Gizelge 3’te sunulmustur. Isletmelerde yetistirilen koyun irklarinin KO (x>=110.5,
P<0.001), IO (x>=260.4, P<0.001) ve KV (3*=263.5, P<0.001) bakimindan farklikla-
ra sahip olduklari belirlenmistir. Irklar arasinda tireme performanslar: bakimindan
gorilen farkliliklarda genetik yapi farkliliklarinin yaninda isletmelerin bakim-bes-
leme farkliliklarinin da etkisi olabilir (Vostry ve Milerski, 2013; Sallam, 2019).

Koyun siiriilerinde KO'nun %92-95 arasinda olmasi normal kabul edilmekte-
dir (Kaymakgi, 2016). Irklara ve genotiplere gore KO degerlerinin %81-100, kuzu
verimlerinin 0.97-1.80 arasinda degismesi genotip, isletme kosullar1 ve siirii idare-
sinde farkliliklarin bulundugunu gostermektedir. Ankette bir isletmedeki Kivircik
stiriisiinde bildirilen %100 KO ve %80 ikizlik orani, bu irkin isletme kogullarina
uyumunun ve bakim besleme sartlarinin ideal oldugunu gostermektedir.
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Cizelge 3. [sletmelerin 1rk bazinda dol verim performanslari

Table 3. Reproductive performances of the farms by breed

Ir-Ge is AO(%) KAKS DKS KO IDKS DTKS io KV  DSKU
Br-Gen NF SS(%) NEJR NLE LR NTLE NLB TR LS FEC
Akr 3 3.49 363 353 97.25% 17 370 4.82° 1.05" 1.02F
Kry 47 54.65 8560 7789 90.99" 1302 9091 16.72¢  1.17¢  1.06"
Kry-Kiv 2 1.16 440 400 90.91%¢ 28 428 7.00" 1.07%  0.97¢
Kry-Me 1 9.30 350 345 98.574 20 365 5.80F 1.06F  1.04%
Baf 14 4.65 2282 2031 89.00¢ 475 2506 23.39%  1.23F  1.10°¢
Kiv 1 2.34 165 165 100.00* 132 297 80.00*  1.80*  1.80*

Kiv-Sa-Me 1 16.28 300 250 83.33P 80 330 32.00°P  1.32¢®  1.10¢

Me 4 1.16 409 334 81.66" 128 462 38.32¢ 1.38° 1.13°®
Me-Sa 4 4.65 538 485 90.155¢ 146 631 30.10° 1.30P 1.17°
Sa 8 1.16 598 532 88.96¢ 250 782 46.99% 1.478 1.31%
Genel

86 100 14005 12684 90.56 2738 15422 21.58 1.22 1.10
(Overal)

Ir-Gen: irklar ve genotipler; Br-Gen: breeds and genotips; IS: isletme sayis;; NF: number of farms; AO: anketteki orani,
SS: Share in survey; KAKS: kog alt1 koyun say1, NEJR: number of ewes joined to ram; DKS: doguran koyun sayisy;
NLE: number of lambing ewes; KO: kuzulama orani; LR= lambing rate; IDKS: ikiz doguran koyun sayisi; NTLE:
number of twin lambing ewes; DTKS: Dogumdaki toplam kuzu sayisi; NLB: Number of lambs at birth; 10: ikizlik
orang; TR:twin birth rate; KV: Kuzu verimi; LS: litter size; DSKU: Dogumda siirii kuzu iiretkenligi; FEC: Fecundity;
Akr: Akkaraman; Kry: Karayaka; Baf: Bafra; Kiv: Kivircik; Me: Merinos; Sa: Sakiz. A-G: Aynu siitunda degisik harflerle
gosterilen degerler arasindaki farkliliklar 6nemlidir. A-G: Differences between values shown with different letters in
the same column are important.

Ayrica Kivircik koyunlari igin bildirilen bu degerler oldukga yiiksek (Alarslan
ve Aygiin, 2019) olup muhtemel olan, isletme ve bakim beslemenin farkliliginin
kuzu verimindeki 6nemini gostermektedir. Bu gozlem, daha 6nce de belirtildigi
gibi (Cam ve ark., 2017; Farrel ve ark., 2022; Yilmaz ve Cam, 2023) uyum yetenegi
yiiksek 1rk kullanimi ve ideal siirii yonetiminin (yeterli bakim ve besleme kosulla-
r1) KO ve KV artirilabildigini gostermektedir.

Ankete dahil olan isletmelerin bir cogunda (yaklasik %55, 47/86) bolgenin ha-
kim koyun 1rki olan Karayaka koyunu yetistirilmektedir. Anket sorularina verilen
cevaplardan treticilerin 82’si (%95.35) yetistirdikleri irktan memnun, 3’ (%3.49)
orta derecede memnun, 1’i (%1.16) ise memnun olmadiklarini bildirmislerdir.
Havza, Tekkekoy ve Carsamba ilcelerindeki Bafra, Kivircik, Sakiz ve Merinos 1rki
koyun bulunduran bazi isletmeleler, hayvanlarinin Karayaka irkinin yaylaya ¢iktig1
tarihten daha sonra yaylaya (havalarin biraz daha 1stnmasi gerekli) ¢ikabilme, kuzu
olimlerinde artig gibi adaptasyon sorunu olmasina ragmen, yiiksek dol verimi
(IO) yaninda, et ve siit verimi, ana-yavru iliskisinin ve kuzu biiyiime performan-
sinin daha iyi olmas: nedeniyle Karayakadan farkli irk tercihinde bulunduklarini
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belirtmislerdir. Ocak ve ark. (2006) ve Cam ve ark., (2017) da uygun bakim-bes-
leme sartlarinda Karayaka koyunlarinda da ikiz dogurma potansiyelinin yiiksek
oldugunu (yaklasik %56) ve kuzu 6liim oranlarinin da kabul edilebilir smirlar
icerisinde oldugunu belirtmislerdir. Anket sirasinda bazi isletmelerdeki siiriilerin
morfolojik olarak homojen olmadig: dikkat cekmistir. Bu tip isletmelerde yetistiri-
cilerin genelde bir arays igerisinde olduklarini, stiriilerinin bir irk ya da tip olarak
sabitlesmedigini gostermektedir. Ayrica hedefi belirli olmayan melezlemelerin,
irklar arasi melezlemeden beklenen olumlu etkileri ortaya ¢ikaramayacag gibi
(Bourdon, 2014; Kaymake1, 2016; Hussain ve ark., 2019; Ye ve ark., 2020) eldeki saf
irklarin da 6nemli 6zelliklerinin yok olmasina neden olacaktr.

Isletmelerin  %76.74%tiniin  koyun varliginin, asgari gecim sartlarini
karsilayabilecek diizeyde (104 bas veya daha fazla) oldugu belirlenmistir (Cizelge
4). Hayvan sayilarina goére olusturulan gruplarda siirii biyiikliigiiniin KO iizeri-
ne etkisi 6nemli (x*=43.021; P<0.001) bulunmustur. Anket sonuglarina goére en
yiiksek dogum orani 105-150 bas hayvan sayisina sahip isletmelerde belirlenirken
(%92.12), en diisiik (%85.13) ise 51-75 bas koyuna sahip isletmelerde oldugu be-
yan edilmistir. Bu verilere gore, incelenen siiriilerdeki kisirlik oraninin (%8-%15
arasinda) iyi bakim-besleme uygulamalarinin yapildig: isletmeler i¢in belirlenen
sinirlardan (%5-8, Kaymakgi, 2016; Farrel ve ark., 2020) daha yiiksek oldugu be-
lirlenmistir. Bu sonug, incelenen isletmelerde siirii idaresi ve bakim beslemede ¢ok
6nemli sorunlarin bulundugunu géstermektedir.

Bu ¢aligmada 10 (x*=199.63; P<0.001), KV (x*=233.28; P<0.001) ve DSKU
(fecundity) (x*=159.54; P<0.001) bakimindan isletme gruplar: arasindaki farkli-
liklarin énemli oldugu belirlenmis ve ortalama IO %21.58 olarak belirlenmistir.
0-50 bag arast koyun varligina sahip islemelerin 10 %46.20 iken, 200 bastan fazla
koyuna sahip isletmelerde bu oran %16.92 olarak hesaplanmistir. Hayvan sayist
diisiik olan isletmelerde KO’nin diisiik, IO’larinin yiiksek olmasi dikkat ¢ekicidir.
Bu sonug, hayvan sayilar1 diisiik olan isletmelerde siirii irk se¢iminde ve siirii yo-
netiminde sorunlarin (muhtemelen siirii kompozisyonu (yas dagilimi), stiriiniin
beslenme diizeyi, yakin akrabali yetistirme gibi) bulundugunu géstemektedir.

Ankete katilan isletmelerin hayvan sayisina gore olusturulan gruplar bakimin-
dan tireme performansi degerleri Cizelge 4’te verilmistir.
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Cizelge 4. Hayvan sayisimma gore gruplandirimis isletmelerde iireme
parametreleri

Table 4. Reproduction parameters in the farms grouped according to the number
of animals

HSIG IS AP (%) KAKS DKS KO IDKS DTKS IO KV  DSKU
FGAN  FN SS NEJR  NLE LR  NTLE NLB TR LS FEC

0-50 5 5.81 178 158  88.76%¢ 73 231 46204 1.46*  1.30%
51-75 8 9.30 518 441 85.14° 147 588 33.33%  1.33%  1.14®
76-104 7 8.14 631 548  86.85° 225 773 41.06* 141 1.23*
105-150 27 31.40 3517 3240  92.12% 102 3342 21.67° 1.03® 0.95°
151-200 11 12.79 1955 1747  89.36° 483 2230 27.65° 1.28%  1.14%
>200 28 32.56 7206 6550  90.90*® 1108 7658  16.92F 1.17¢  1.06°

Toplam
(Total)

100 14005 12684  90.57 2738 15422 2158  1.22 1.10

HSIG: hayvan sayisina gore isletme gruplari; FGAN: farms groups according to the number of animals; IS: isletme
sayisy; FN: farm numbers; AP: anketteki payy; SS: share in survey; KAKS: kog alt1 koyun sayy; NEJR: numberr of ewes
to joined ram; DKS: doguran koyun sayis;; NLE: number of lambing ewes; KO: kuzulama orani; LR: Lambing rate;
IDKS: ikiz doguran koyun sayis;; NTLE: number of twin lambing ewes. DTKS: dogumdaki toplam kuzu sayisi; NLB:
number of lambs at birth 1O: ikizlik orani; TR: twin birth rate; KV: kuzu verimi; LS: Litter size; DSKU: Dogumda stirit
kuzu tiretkenligi. FEC: Fecundity.

A-E: siitunlarda farkli harflerle gosterilen ortalamalar arasindaki farkhiliklar 6nemlidir (P<0.001). A-E: differences
between the means indicated by different letters in the columns are significant (P<0.001).

Isletme biiyiikliikleri dikkate alindiginda 105-150 bas hayvana sahip
isletmelerde DSKU degerinin (0.95) diisiik olmasi siirii idaresinde sorunlar
oldugunu yansitmaktadir. [lgelerdeki isletmeler arasinda KO (x?*=345.40; P<0.001),
IO (x?=424.50; P<0.001), KV (x>=58.59; P<0.001) ve DSKU, ((x*=64.36; P<0.001)
bakimindan farkliliklarin 6nemli oldugu hesaplanmistir. KO bakimindan Tekke-
koy, Carsamba ve Ladik ilelerindeki isletmelerin, 10, KV ve DSKU bakimindan
ise Tekkekdy, Havza, Canik ve Ilkadim ilcelerindeki isletmelerin en yiiksek deger-
leri gosterdikleri saptanmistir (Cizelge 5).

Isletme karhiliginin en énemli gostergelerinden biri dogumda kog alt1 koyun
basina elde edilen kuzu sayisinin (DSKU, 1.10), siitten kesimde veya ekonomiye
kazandirilmada ne 6l¢iide korundugudur (Vostry ve Milerski 2013; Smith ve ark.,
2023). Ozellikle diisiik verimli irklar bakimindan dogumda siirii kuzu iiretkenligi-
nin ve ekonomiye kazandirilan kuzu sayisinin kog alt1 koyun basina 1 ve 1'den daha
yiiksek olmasy, ilgili isletmede genotipin adaptasyon sorununun ve siirii yonetimi
ve kuzularin bakim-beslenmesi ile ilgili sorunlarin olmadigini gostermektedir.
Ancak burada sonuglar bir ka¢ isletmenin ortalamas: olarak verildiginden diigiik
performansli isletmelerin varlig1 gozden kagmaktadir.
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Cizelge 5. Ankette yer alan isletmelerin ilcelere gore tireme performanslari

Table 5. Reproductive performance of the farms in the survey by districts

flgeler is KAKS DKS IDKS KO DTKS io KV DSKU
Districts NF EJR NLE NTLE LR TNLB TR LS FEC
Alagam 12 2303 2002 392 86.93% 2394 19.58¢ 1.20¢ 1.04°
Bafra 9 1294 1171 190 90.50F 1361 16.23° 1.16° 1.05¢P
Canik 8 1144 909 311 79.46¢ 1220 34.21° 1.34% 1.07¢
Carsamba 21 3744 3515 402 93.88° 3917 11.44* 1.11% 1.05°
Havza 11 957 822 320 85.894 1142 38.934 1.39* 1.19%
ilkadim 1 109 95 19 87.16*% 114 20.00¢ 1.20¢ 1.05¢P
Ladik 6 1060 982 92 92.64"F 1074 9.34F 1.09% 1.01%
Tekkekoy 11 1986 1903 770 95.82F 2673 40.46* 1.40% 1.35%
Vezirk6prii 7 1408 1285 242 91.26" 1527 18.83< 1.19P 1.08¢
Toplam
86 14005 12684 2738 90.57 15422 21.58 1.22 1.10

(Total)

IS: isletme say1si, NF: number of farms; KAKS: kog alt1 koyun sayi; DKS: doguran koyun sayis; IDKS: ikiz doguran
koyun sayisi; KO: kuzulama orani; DTKS: dogumdaki toplam kuzu sayis;; NLB: number of lambs at birth; 10: ikizlik
orant; TR: twin birth rate; KV: kuzu verimi, LS: litter size; DSKU: dogumda siirii kuzu tretkenligi; FEC: (Fecundity):
number of lambs per ewes to joined ram; A-F: siitunlarda farkli harflerle gosterilen ortalamalar arasindaki farkliliklar
6nemlidir (P<0.001). A-F: differences between the means indicated by different letters in the columns are significant
(P<0.001).

Cizelge 5’te goriilecegi gibi bazi isletmelerde KO kabul edilebilir degerlerin altinda
oldugu ve bazi isletmelerde kogalt: koyun basina 1 kuzunun elde edilemedigi (Cizelge
4, 105-150 grubu) goriilmektedir. Bu isletmelerde, yetistirilen genotip veya isletme
yonetimi (bakim-besleme) bakimindan sorunlar yagandigini gostermektedir.

3.2. Kuzu Dogum ve Pazarlama Adirliklar

Isletmelerde en yiiksek kuzu dogum agirligi 3.71 kg ile 76-104 bas hayvan sa-
yisina sahip isletmelerde goriiliirken en az 3.23 kg ile 151-200 bas hayvan sayisina
sahip isletmelerde belirlenmistir. Ilgelere gére kuzu dogum agirligi ortalamasi en
fazla 4.00 kg ile Ladik ilgesinde en diisiik ise 2.81 kg ile Tekkekdy ilgesinde belirlen-
mistir. Koyun irklar1 arasinda Kivircik, Merinos ve Karayaka-Kivircik yetistiriciligi
yapan isletmelerde en yiiksek kuzu dogum agirlig1 (4.00 kg), en diistik ise Sakiz irki
koyunlarda (3.31 kg) beyan edilmistir. Ankete verilen cevaplara dayanilarak kuzu
dogum agirlig1 ortalama 3.51 kg olarak hesaplanmistir.
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Cizelge 6. Ilgelere, irklara ve hayvan sayisina gore gruplandirilmis igletmelerde
kuzu dogum ve siitten kesim agirliklar: (kg, Ort+Sh)

Table 6. Lamb birth and weaning weights in the farms grouped according to dist-
ricts, breeds and number of animals (kg, mean +SEM)

ilgeler (Districts) IS(NF)*  KDA (LBW) KPA (MWL)  En Az- En Fazla (Min.-Max.)

Alagam 12 3.67+£0.07 33.33+1.88¢ 20-40
Bafra 9 3.72+0.18 31.11+2.86¢ 20-40
Canik 8 3.25%0.31 38.13+4.438 20-55
Carsamba 21 3.71+0.17 31.90+2.66¢ 18-50
Havza 11 3.40+0.29 32.18+2.99¢ 20-50
flkadim 1 3.00+0.00 45.00+0.00 45-45
Ladik 6 4.00+0.00 44,58+1.36* 40-50
Tekkekoy 11 2.8110.26 46.82+1.224 40-50
Vezirkoprii 7 3.50+0.00 47.14+1.014 45-50
Ir-Gen (Br-Gen)

Akr 3 3.50+0.28 41.33+8.675¢ 24-50
Kry 47 3.47+0.11 35.59+1.64 18-50
Kry-Kiv 2 4.00£0.00 42.50+2.50% 40-45
Kry-Me 1 3.50+0.00 45.00+0.00 45-45
Kry-Sa-Me 15 3.43+0.17 36.67+2.27° 20-50
Kiv 1 4.00+0.00 50.00+0.00 50-50
Kiv-Me 1 3.50+0.00 40.00+0.00 40-40
Me 4 4,00£0.40 32.50+6.29° 20-50
Me-Sa 4 3.75+£0.43 48.75+2.394 45-55
Sa 8 3.31+0.24 34.78+3.83P 20-50
HSIG (FGAN)

0-50 5 3.50+£0.50 31.00+4.30¢ 20-45
51-75 8 3.25%0.16 33.12+3.655¢ 20-50
76-104 7 3.71+£0.26 41.29+3.524 24-50
105-150 27 3.61+0.11 35.19+2.11° 20-55
151-200 11 3.23+0.22 37.68+4.23% 20-50
> 200 28 3.54+0.16 39.04+1.8148 18-50
Toplam (Total) 86 3.51+0.80 36.82+1.16 18-55

Ir-Gen: wrklar ve genotipler; Br-Gen: breeds and genotips;[S: isletme sayis;; NF: number of farms; A-D: siitunlarda
farkli harf tagtyan ortalamalar arasindaki farkliliklar 6nemlidir (P<0.001). A.D: the differences between the means
in the columns are significant (P<0.001); KDA: kuzu dogum agirhigi (kg). LBW: lamb birth weight (kg); KPA: kuzu
pazarlama agirhigi; MWL: marketing weight of lamb; Min: minimum; Max: Maksimum; HSIG: hayvan sayisina gore
isletme gruplar; FGAN: farms groups according to the number of animals; Akr: Akkaraman; Kry: Karayaka; Kiv:
Kivircik; Me: Merinos; Sa: Sakiz.
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Cizelge 6da sunulan sonuglar iizerinde, ekstansif tiretim igletmelerinde kuzu-
larin yetistirildigi ¢evre kosullarindaki farkliliklarin dogum ve pazarlama agirlik-
larina nasil yansidigr ile ilgili degerlendirme yapmay: giiglendirmektedir. Genel
olarak kuzu dogum ve siitten kesim agirliklarinda genetik yapinin, dogum tipinin,
cinsiyetin ve bakim besleme gibi ¢evre faktorlerinin etkileri bulunmaktadir (Cam
ve ark., 2017; Brand ve ark., 2017; Prache ve ark., 2022). Kuzularin yetistirilme
yerlerine, irklara veya genotiplere gore beyan edilen pazarlama agirliklar: arasin-
daki degisim aralig1 18-55 kg dir. Pazarlama agirliklar1 arasindaki bu varyasyon
ilde kuzu pazarlama agirliklarinin artirilmasina yonelik bir potansiyelin varligini
gostermektedir ve isletme karliligi, birim hayvan bagina kuzu pazarlama agirhigi-
nin aragtirilmasina da baghidir (Smith ve ark., 2023).

Pazarlama agirliklarindaki farkliliklar, besi yeri kosullari (sicaklik, nem, besleme
diizeyi), besiye baslama yasi, besi siiresi ve besi sonu yast arasindaki farklililar ile ge-
notipik farkliliklarindan kaynaklanabilir (Brand ve ark., 2017; Prache ve ark., 2022).

3.3. Kuzu Oliim Oranlari ve Oliim Nedenleri

Ankete alinan isletmelerde kargilagilan kuzu 6liim nedenleri bakimindan fark-
liliklar 6nemli bulunmustur (x?=65.465; P<0.001). Oliim nedenleri ishal %46.51
(40/86), nedeni bilinmeyen dogum sirasindaki éliimler %18.6 (16/86), yetersiz ve
dengesiz besleme %25.58 (22/86), dogum oncesi 6lim %2.33 (2/86) ve hastalik
(enterotoksemi, clostridial) %6.98 (6/86) olarak bildirilmistir. Yetistiriciler, kuzu
olumlerinin biiytik kisminin ikiz dogan kuzularda oldugunu ve bunun nedeninin
yetersiz beslenme oldugunu ifade etmislerdir. Dogumun hemen 6ncesi ve hemen
sonrasi nedeni bilinmeyen oliimler ile yetersiz-diizensiz beslemeye dayali kuzu
olimlerinin toplam 6limler icerisindeki pay1 %44.18 olarak belirlenmistir.

Ankete dahil olan igletmelerin toplaminda 1232 bas kuzunun 6ldigi beyan
edilmis ve bu beyanlara dayanarak, genelde kuzu 6liim orani %7.99 olarak hesap-
lanmigtir. Kuzu 6liim oranlarinda ishale dayali 6liimlerin %51.70 (637/1232), ye-
tersiz beslenmeye dayal1 6liimlerin %37.01 (456/1232), dogum sirasindaki 6liim-
lerin %2.76 (34/1232), hastaliga bagl 6limlerin %7.63 (94/1232) ve dogum 6ncesi
oliimlerin %0.97 (12/1232) diizeyinde paylari oldugu belirlenmistir. Bu durum,
Smith ve ark., (2023)’nin Avusturalya koyun iiretim sistemlerinde gii¢ dogum, ya-
ralanma, ana bakim yetersizligi ve aclik nedeniyle kuzu 6liimlerinin, toplam 6liim-
ler igerisinde ortalama %40’lara ulastigini bildiren sonuglariyla uyumludur. Ye-
tistiricilerin kuzu 6limlerinin ¢oguz dogumlarda yogunlastig: ile ilgili bildirisleri
de Cam ve ark., (2018)’nin bulgulari ile uyusmaktadur. Ishal ve mikrobik kaynakli
o6lim nedenleri, etken belli olduktan sonra zamaninda yapilacak (i¢ ve dis parazit,
enterotoxsemi miicadelesi gibi) ilaglama ve agilama (¢oklu karma ag1) ile onlenebi-
lecek (Abbott, 2018) veya en azindan 6liim oranlarini diigiirebilecek olgular olarak
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distintilmektedir. Canli dogan kuzularin (6zellikle geliri kasaplik kuzu iiretimine
dayal olan igletmelerde), dogumlarin yogunlastigi donemindeki bakim besleme
ile ekonomiye kazandirilmasi isletme karliliginda rol oynayan temel faktorlerden
biridir (Cam ve ark., 2018; Smith ve ark., 2023).

3.4. Surl Yonetimi, Yetistirme Sistemi ve Besleme

Ankete dahil isletmelerin tamaminda kog katimi serbest olarak yapilmaktadir.
Koyunlarin serbest agim ile tohumlandig: tiim isletmelerin 75’inde (%87.21) kog
ayrimi yapildigy, 11’inde (%12.79) ise yapilmadig belirlenmistir. Isletmelerde kog
ayrimina gidilmemesinin temel nedenlerinin basinda hayvanlari ayr1 otlatacak
bakici bulamama gelmektedir. Siiriilerdeki gen¢ disilerin (bir yasina ulasmamus)
bir kisminin cinsel olgunluga erisir erismez (kog stirekli olarak siirii icinde
bulundugundan) damizlik olarak kullanildiklar: anlagilmaktadir. Bununla birlikte
ankette sorulan sorularin cevaplarindan genel olarak geng disilerin ilkine damizlik-
ta kullanma yaginin yaklasik 18 aylik oldugu beyan edilmistir. Bu durum isletme-
lerin siirii ireme performansinin diisiik (%10 kisirlik) olmasinda ana etkenlerden
birisi olmustur. Disilerin damizlikta kullanilma yas: {ireme performansini etkile-
yen faktorlerden biri oldugu i¢in (Gallego-Calvo ve ark., 2015; Freitas-de-Melo ve
ark., 2022), ildeki isletmelerin planl siirii yonetimi hakkinda yeterli bilgi sahibi
olmadiklari soylenebilir.

Incelenen isletmelerdeki yetistiricilerin %30.23’si (26/86) damizlik kog ya da
koglar1 kendi isletmesi disindan, %58.14’1i (50/86) kendi isletmesinden ve %11.63
(10/86) ise hem kendi isletmesinden hem de digardan temin ettigini bildirmistir.
Yetistiriciler koglarini 2.6-4.2 yil arasinda damizlikta kullandiklarini bildirmisler-
dir. Bu durum hayvan sayis1 diisiik olan isletmelerde dol veriminin ve kuzu biiyiime
performansin diisiik olmasinin nedenleri arasinda (Bourdon, 2014) diistiniilebilir.

Yetistirme sistemi olarak treticilerin %91.86’s1 (79/86) havalarin 1sinmasiyla
birlikte koyunlarini yaylaya gotiiriirken %8.14’ti (7/86) ise gotiirmemektedir. Hay-
vanlarin 6zellikle Karayaka irkinin sahil kesimlerinden yaylalara goétiirtilmesi si-
caklik ve nem stresinden uzaklagtirilmasini saglamaktadur.

Yetistiricilerden %73.26’s1 (63/86) coban tutarken %26.7471 (23/86) ise kendi
aile i giliclinii kullanmaktadir. Hayvanlarin meraya ¢ikamadigi veya ek yemle-
menin yapilmas: zorunlulugu durumlarinda, yetistiricilerin %44.2’si (38/86) yem
teminini kendi isletmesi disindan, %8.14’i (7/86) kendi isletmesinden ve %47.67
(41/86) yetistirici ise hem kendi isletmesinden ve hem de digardan temin ettigini
bildirmistir. Koyunculuk isletmeleri i¢cin ¢oban bulabilme ve yem temininin disa-
ridan karsilanmasi, karlilig kisitlayan 6nemli bir sorunudur.
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3.5.Isletmelerin Faaliyet Alanlari ve isletme Sahipleriyle ilgili Bilgiler

Koyunculuk isletmelerinin ortaya ¢ikacak risk durumlarindaki kirilganliklari-
n1 (koyunculuk faaliyetini siirdiirebilme potansiyellerini) belirlemek i¢in koyun-
culuk digindaki faaliyetleri sorulmusg ve Tablo 7deki sonuglar alinmustir.

Cizelge 7. Isletmelerin koyunculuk digindaki faaliyet alanlar1
Table 7. Activity areas of the farms other than sheep breeding

Faaliyet Bigimi is ATO (%) KYIGP (%)
Mode of activity NF RRS (%) SSFBI (%)
Biiytikbas Hayvancilik (Cattle Husbandry) 32 37.21 429
Diger Tarimsal Faaliyet (Other Agricultural 26 30.23 56.9
Activity)

Tarim Dig1 Faaliyet (Non-Farm Activity) 15 17.44 74.7
Yalniz Koyunculuk Faaliyeti (Only Sheep 13 15.12 100.0
Activities)

Toplam (Total) 86 100

IS: isletme sayisi, NF: number of farms; ATO: anketteki temsil orani; RRS: representation rate in the survey; KYIGP:
Koyun yetistiriciliginin isletme geliri igineki payi; SSFBI: Share of sheep farming in business income

Tarim dig1 faaliyette bulunan %17.44’likk (15/86) isletmelerin gelirlerinde
koyunculugun paymi %74.7 olarak bildirmesi dikkat ¢ekici bulunmustur. Ko-
yunculuk isletmelerinin sadece %15’inin (13/86) geg¢imini koyunculuk faaliyeti
ile saglamasi, koyun yetistiriciliginin stirdiiriillebilirligi acisindan distik bir oran
oldugu degerlendirilebilir. Diger yandan bagka faaliyetlerle birlikte koyunculuk
yapan isletmelerin koyunculuktan sagladig: gelirlerdeki paylar1 dikkate alindigin-
da, koyunculuktaki kii¢lik risk durumlarinda diger faaaliyetlerin bir destek olarak
kullanilabilmesi yaninda koyunculuktan tam olarak diger faaliyet alanina yonel-
me riskini de tagimaktadir. Dolayist ile ankete alinan koyunculuk isletmelerinin
%85’inin koyunculuk diginda bagka bir faaliyette bulunmasi, ortaya ¢ikacak risk
durumlarinda hem olumlu hem de olumsuz olarak degerlendirilebilir.

Koyunculuk faaliyetlerinin siirdiiriilebilirligi agisindan isletme sahiplerinin
yast ve aile destegi 6nem tagimaktadir. Ankete dahil olan yetistiricilerin yas ortala-
malar1 47.5 yil (19-70 yas), koyunculukla ilgilenen kisi sayis1 ortalamasi 4.8 (1-15),
gecimini koyunculuktan saglayan kisi sayisi ortalamasi 5.5 olarak belirlenmistir.

3.6. Kuzularin Pazarlama Yontemi

Incelenen igletmelerin gelirlerinin en énemli kisminin kuzu satiglarindan,
ok azininda peynir yapimindan elde ediligi belirlenmistir. Isletmelerin %80.23’1
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(69/86) kuzular ortalama 36 kg olduklarinda (kuzu eti olarak talep fazla oldu-
gundan) pesin, %19.77 (17/86) yaklasik 40 kg ve iistii canli agirlikta iken (kuzu
bas1 daha fazla fiyat, ama kasaplarin kuzu eti olarak degerlendirilmiyor, satamiyo-
ruz bahanelerinden dolay1) vadeli olarak pazarlamaktadur. Igletmelerin %69.77’si
(60/86) kuzularini kendi kesip (anlasmis oldugu yerlere) pazarlarken, %30.23’t ka-
sap ya da tliccar aracilifi ile pazarlamaktadir. Kesime gonderilecek erkek kuzular
(45-60 giinliik olduklarinda), isletmelerde geceleri analari ile birlikte kalip, giindiiz
analarindan ayrilarak 45 veya 60 giinliik besiye alindiktan sonra pazarlanmaktadir.

3.7.Samsun ili Kuzu Uretim Potansiyeli

Samsun ili kuzu iretim potansiyelinin belirlenmesinde, stirii mevcudunun
%30’unun ayiklanan disi (Farrel ve ark., 2020) koyunlar ve bunlarin yerine ikame
edilecek geng disilerden olustugu varsayilmistir. Stiriide 25 koyuna bir kogun da-
muzlik olarak kullanildig1 varsayilmis ve kog sayisi stirit mevcuduna (kogalt: koyun)
dahil edilmemistir (Cizelge 8). Hesaplamada kogalt1 koyun i¢in, normal smnirlarda
kabul edilen kisirlik orani %8 (%5-%8) (Kaymakei, 2016) kullanilmistir. Kasaplik
¢aga kadar normal kabul edilen ve ¢alismada belirlenen %8 kuzu 6liim orani ile ilgili
sonug ise Sallam, (2019)’1n %15.97 ve Smith ve ark. (2023)’nin %16.2 ve Gowane ve
ark., (2018)’nin bildirdikleri %28.0 oranlarindan diistik, (%3) oranindan yiiksektir.

Et tiretim potansiyelinin hesaplanmasinda, ¢alismadaki ortalama ikizlik orani
(%21.58) kullanilmistir. Ayrica hesaplamada siirti mevcudunun sabit ve damiz-
lik disilerden olustugu, her yil siiriideki damizlik digilerin %30™unun koglarin da
%4’tiniin ayiklandig1 6n gortlmistir. Ayiklanan damuzlik disilerin (%30) yerine
geng disilerin ve damizliktan ¢ikarilan koglarin (25 koyuna bir kog %4) yerine er-
kek kuzulardan ikame yapildig: varsayilmistir (Farrell ve ark., 2020). Damizliktan
¢ikarilan ergin disi koyunlar ve koglar koyun eti tiretim kaynag olarak degerlendi-
rilmistir. Damizlik dig1 birakilan koyun ve koglarin yerine dogan kuzulardan ikame
yapildiktan sonra geriye kalan erkek ve disi kuzular kuzu eti tiretim kaynag olarak
degerlendirilmistir. Kuzu kesim agirliklar1 igin yetistiricilerin bildirdigi kuzu pa-
zarlama agirliklar: baz alinmistir. Bu deger canli agirlik olarak ortalama 36.82 kg
ve karkas randimani bolgede yapilan bir ¢alismadan elde edilen karkas randiman:
baz alinarak %45 olarak alinip karkas agirligi 16.57 kg hesaplanmigsir (Cam et al.,
2017). Kuzularin bu karkas degerleri TUIK (2022)’in Tiirkiye koyun eti iiretimi
i¢in bildirdig 22.69 kg karkas agirligindan distktir. Damizlik dist birakilan yash
kog ve koyunlarin karkas agirliklar ise TUIK (2022) verileri baz alinmuistir.
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Cizelge 8. Samsun ili kuzu eti ve koyun eti tiretim potansiyeli

Table 8. Lamb meat and mutton meat production potential in Samsun

Parametreler (Parameters) Degerler
(Values)

Mevcut koyun sayisi (siirii bitytikligi, bas), Number of sheep available (herd size, head)* 204639

Kogalt1 koyun sayis1 (%30 ayiklama sonrast), Ewes number to joining ram (30% after culling) 143247

Ayiklanan koyun saysi (bas), Culling ewes (head) 61392

Kisirlik (%8), Infertility (8%) 11460

Dogum yapan koyun sayis1 (bas), Number of lambing ewes (head) 131787

Dogan kuzu sayisi (ikizlik %21,58), Number of born lambs (twinning rates 21.58%) 165788

Olen kuzu sayisi (death rate %8), Number of deaths lambs (mortality rate 8%) 13263

Yararlanilabilir kuzu sayisi (bas) (165788-13263) 152525

Number of remaining lambs (head) (165788-13263)

Disi veya erkek dogma ihtimali (%50) — Possibility of female or male birth (50%) 76262

Damuzlik dig1 disi kuzu sayis1 (Disi kuzu sayis1)-(ayiklanan koyun sayisi); (76262-61362) 14870

Non-breeding female lambs (Number of female lambs) —(culling ewes); (76262-61362)

Damizlik dis1 erkek kuzu (Erkek kuzu sayisi (76262)- (damizlik kog sayis1 (143247/25) 20532

Non breeding ram lambs (Number of male lambs- Number of stud rams, 143247/25)

Kuzu (disi + erkek) eti tiretim potansiyeli (kg), (14870+70532) x 16,57=1415111kg

Lamb (female + male) meat yield potential (kg)

Damizliktan ¢ikarilan kog (5730) + koyun sayis1 (61392) 67122

Number of non-breeding rams (5730) + ewes (61392)
Damizlik dis1 birakilan koyun ve kog eti tiretimi (67122x 22,69) kg
Culling ewes and rams meat yield, (61392 head x 22.69 kg carcas) kg

Samsun ili kuzu ve koyun eti iiretim potansiyeli (kg), (1415111 + 1516957)
Lamb and mutton meat production potential in Samsun (kg), (1.415.111 + 1.522.998)

*: Siirti kompozisyonunun %30’unun geng disilerden olustugu var sayilmugtir. (It is assumed that 30% of the herd
composition consists of young females)

Samsun ili koyun mevcudu tizerinden hesaplanan et iiretim potansiyeli, nor-
mal yetistirme ve tiretim riskleri géz 6ntinde bulundurularak yapilmistir. Hesap-
lanan deger stirii bliytikliigi, stirti yonetimi ve damizlik dist kuzularin kesim igin
hazirlanmalarina gore degisebilecektir.

Samsun ilinin 204639 bas koyun mevcudundan, siirii kompozisyonu (ayiklama
orani, elde edilen kuzu miktarlari, erkek ve disi damizlik se¢im oranlari, meyda-
na gelen kayip oranlar1) dikkate alinarak iiretilebilecek kuzu eti miktar1 (1415111
kg), siiriidden ayiklanan kog ve damizlik dis1 disi koyunlardan elde edilen (1522998
kg)'mn eklenmesi ile birlikte de Samsun ilinin koyun eti {iretim potansiyeli 2938109
kg (2938.1 ton) et olarak tahmin edilmistir. Bu deger Tiirkiye toplam kirmiz1 et
dretiminin (2191625 ton) %0.13’tinii ve Tiirkiye koyun eti iiretiminin (489354 ton;
TUIK,2022) %0.60’1n1 karsilamaktadir.
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4. SONUC VE ONERILER

Samsun ili koyunculuk isletmelerinde isletme basina koyun sayis1 ortalama 58
bas, 105 bas ve {izeri koyun sayisina sahip isletme orani %66 olarak belirlenmistir.
Koyunlarda gebelik, ikizlik, kogalt1 koyun basina kuzu verimleri ve kuzu pazarla-
ma agirliklar: isletmelere, 1rklara, ilgelere ve isletmelerin hayvan sayis1 gruplarina
gore degismektedir. Kuzu 6liimleri bitytik oranda besleme ve siirii yonetimine bag-
l1 nedenlere dayanmaktadir.

Coban bulunamadigindan disi ve erkek karisik yetistirilen stiriilerde, geng
disiler erken damizlikta kullanilmaktadir. Bu durum isletmelerdeki {ireme
performansini olumsuz etkileyen faktorlerin basinda gelmektedir gézlemlenmistir.

Yetistiricilerde kog katim usulu, bir yilda iki kuzulatma gibi siirti yonetimi ile
ilgili uygulamalarda yeterli olmamakla birlikte bir bilin¢glenmenin var oldugu be-
lirlenmistir. Isletmelerde koyunculuk ile ilgilenen kisi sayist ortalamasi 4.8, geci-
mini koyunculuktan saglayan kisi sayis1 ortalamasi 5.5, isletme sahibi yas ortala-
mas1 47.5 y1l olarak belirlenmistir. Ankete alinan isletmelerin 13 (%15.12)’t sadece
koyunculuk yaparken geri kalan koyunculuk disinda cesitli faaliyetlerde bulun-
maktadir. Yetistiricilerin %91.9’u siiriisiind yaylaya ¢ikarmakta ve %73.26’1 siirii
bakimi i¢in ¢oban tutmaktadir. Kuzularin pazarlama agirlig1 ortalamasi 36.82 kg
ve pazarlama durumu %80.23 olarak pesin yapildig1 beyan edilmistir.

Hayvanlarin otlatmaya cikarilamadig: ve hassas fizyolojik dénemlerde yapila-
cak ek yemlemelerde kaba ve kesif yem temininde sikintilar yasamaktadur. Stiriiler-
deki damuzlik koglar bitytik oranda kendi isletmelerinden segilmekte ve ortalama
4.2 yil damizlikta kullanilmaktadir.

Isletmelerde koyun yetistiriciliginden elde edilen gelir biiyiik oranda kuzu iire-
timinden karsilanmaktadir. Elde edilen kuzu sayilar: ve pazarlama agirliklari baki-
mindan isletmeler arasindaki farkliliklar, kuzu eti {iretim potansiyelini artirabilme
firsatlarini da ifade etmektedir. Yetistiricilerin kuzu 6liimleri, hayvanlarin fizyo-
lojik durumlarina gore besleme, siirii yonetimi ve {iretim sistemleri konusunda
desteklerle 2938109 kg (2938.1 ton) olan koyun-kuzu et iiretim potansiyeli daha da
artacaktir. Koyun tiretim bolgelerindeki sorunlarin ve potansiyelin ortaya konmasi
i¢in yapilacak ¢alismalar ve bunlara dayali ¢6ztimlerin ortaya konmasi daha fazla
tiretim olarak yanki bulacaktir.

Cikar Catismasi

Makale yazarlari aralarinda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.
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Damla Nur TEKKANAT, Mehmet Ali KOYUNCU

DERiIM SONRASI OKSIN, 1-METILSIKLOPROPEN VE
1-N-NAFTILFITALAMIK ASIT UYGULAMALARININ ‘GOLDEN
DELICIOUS’ ELMA CESIDINDE DEPOLAMA BOYUNCA
MEYVE KALITESI UZERINE ETKISi

0z

Calismada, ‘Golden Delicious’ elma ¢esidinde derim sonrasi bazi uygulamala-
rin depolama siiresince meyve kalitesi tizerine etkisi arastirilmistir. Optimum de-
rim zamaninda derilen elmalar hizli bir sekilde laboratuvara getirilmistir. Ceside
ozgii sekil, irilik ve boya sahip olan elmalar oksin (20 mg L), 1-N-naphthylpht-
halamic asit (NPA, 1 ug L''), NPA (1 pg L") +1-Metilsiklopropen (1-MCP, 0.625
ppm) ve kontrol uygulamalar: yapilmak tizere 4 gruba ayrilmigtir. Oksin, NPA ve
kontrol uygulamalari i¢in kullanilan ¢ozeltilere yayici yapistirici olarak Tween-20
ilave edilmistir ve meyveler ¢ozeltilere 3 dakika daldirilmistir. NPA+1-MCP uy-
gulamasi i¢in elmalar daldirma isleminden sonra 12 saat siire ile oda kosullarinda
0.625 ppm 1-MCP uygulamasina tabii tutulmugtur. Uzerindeki su uzaklastiriims
elmalar plastik kasalara yerlestirilerek 0 °C ve % 90+95 oransal nemde 6 ay bo-
yunca depolanmustir. Depolama boyunca elmalarda agirlik kayb, suda ¢6ziinebilir
kuru madde (SCKM) miktari, titre edilebilir asitlik (TEA) miktari, kabuk rengi,
solunum hizi, patojen ve fizyolojik kaynakli bozulmalar ve duyusal kalite degisimi
belirlenmistir. Raf 6mrii ¢alismalar: i¢in sogukta muhafazadan ¢ikartilan elmalar
7 glin boyunca 20 °C ve % 60+5 oransal nemde bekletilerek ayn1 analizler yine-
lenmistir. ‘Golden Delicious’ elma ¢esidinde hem sogukta muhafaza hem de raf
omrii stirecinde kalitenin korunmasi bakimindan en iyi sonu¢ NPA+1-MCP uygu-
lamasindan elde edilmistir. NPA+1-MCP uygulamas: yapilan elmalarda depolama
boyunca agirlik kayby, titre edilebilir asitlik ve solonum hizi diger uygulamalara
gore daha az olmustur. Optimum donemde derilerek NPA+1-MCP uygulamasi ya-
pilan ‘Golden Delicious’” elma ¢esidinin belirtilen kosullarda 6 ay stireyle sogukta
depolanabilecegi sonucuna varilmistir. Ancak 7 ginliik raf 6mri siireci dikkate
alindiginda sogukta depolama stiresinin 5 ay ile sinirlandirilmasi 6nerilmektedir.

Anahtar Kelimeler: Malus communis, Etilen ve Oksin Inhibitori, Sogukta
Depolama, Raf Omrii.
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THE EFFECT OF AUXIN, 1-METHYLCYCLOPROPENE AND
1-N-NAPHTHYLPHTHALAMIC ACID TREATMENTS ON
FRUIT QUALITY IN ‘GOLDEN DELICIOUS’ APPLE
VARIETY DURING STORAGE

ABSTRACT

In the present study, the effects of some postharvest treatments on fruit quality
of ‘Golden Delicious’ apple variety during storage were investigated. The apples,
harvested at the optimal maturity stage, were immediately transported to the la-
boratory. Fruit, which have the shape, size and color specific to the variety, were
divided into 4 groups for auxin (20 mg L"), NPA (1 ug L"), NPA (1 pg L") +1-MCP
(0.625 ppm) and control treatments. For auxin, NPA and control treatments apples
were immersed into water containing Tween-20 as a surfactant during 3 min. For
NPA+1-MCP treatment, apples were subjected to 0.625 ppm 1-MCP application
at room conditions for 12 h after dipping. Dried apples were packaged in plastic
boxes and stored at 0 °C at 90+95 % relative humidity for 6 months. Weight loss,
solible solids content, titratable acidity, fruit skin color, respiration rate, decay rate,
physiological disorders and sensory quality were determined during cold storage.
For shelf life studies, the same analyses were repeated by keeping the apples at 20
°C and 60+5 % relative humidity for 7 days after cold storage. The best result was
obtained from NPA+1-MCP treatment in terms of fruit quality during both cold
storage and shelf life in ‘Golden Delicious’ apple variety. Weight loss, titratable aci-
dity and respiration rate during storage were less in apples treated with NPA+1-M-
CP compared to other treatments. It was concluded that ‘Golden Delicious’ apple
variety, harvested at optimal stage and treated with NPA+1-MCP, can be stored
for 6 months at 0 °C at 90+95 % relative humidity. However, considering the 7-day
shelf life period, it is recommended to limit the cold storage period to 5 months.

Keywords: Malus communis, Ethylene and Auxin Inhibitor, Cold Storage, Shelf Life.
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GIRIS

Diinya elma tretimi 2024 yili verilerine gore 95.835 964 tona ulagmistir (FAO,
2024). Diinya elma iiretimine paralel sekilde Tiirkiye elma tiretimi de artis goster-
mistir. Son FAO verilerine gore (2024 yil1) 4 817 500 ton ile diinya elma {iretiminin
% 5.02%sini gerceklestiren Tiirkiye, Cin (% 49.64)'in ardindan kiiresel o6lgekte 2.
tilke konumundadir (FAO, 2024). Tiirkiye tiretimi il bazinda incelendiginde, en
fazla iiretim Isparta (1. 230 580 ton)da gerceklesmistir (TUIK, 2024). Tiirkiye
kendi titketiminden daha fazla elma tireten bir tilke konumundadur.
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Elma, her bolgede yetistirilebilmesi ile genis tiretici kitlesini kapsarken, en fazla
titketim miktarma sahip meyvelerin de onciiligiinii yapmaktadir (Akbay ve ark.,
2005). Elma taze olarak ihracat1 yapilan meyvelerden biri olmasiyla da 6nem ta-
simaktadir (Peker ve Celik, 2005). Fakat derimden tiiketici sofrasina ulagincaya
kadar gecen sitirede yas meyve ve sebzede kayip orani Tiirkiyede hala % 25-30’lar
seviyesindedir. Elmada bu kadar fazla olmasa bile muhafaza kosullarinin uygun
olmamasi sebebiyle kalite kayb1 olugsmaktadir (Karagali, 2009). Derim sonrasinda
modern depolama sartlarinda bile elmada hala ciddi oranda kayiplar gercekles-
mektedir (Tiirk ve ark., 2017). Bu nedenle klimakterik meyve tiirlerinden biri olan
elmada, derim sonrasi kalite kayiplarinin sinirlandirilmasi i¢in uygun depolama
kosullarinin olugturulmas: gerekmektedir (Karagali, 2009). Modern meyve ye-
tistiriciliginde, birinci sinif meyve oranina verilen 6nem toplam verimden daha
onemli hale gelmistir. Elma meyvesinde de bu durum gegerli olup (Barritt, 2000),
depolama siiresince meydana gelen kalite kayiplarini azaltmak ya da geciktirmek
i¢in alternatif uygulama arayislar: devam etmektedir.

1-MCP molekiil agirhigr 54, formiiliit C4sHs olan bir maddedir. Basta elma ol-
mak tizere bazi bahge tirtinlerinin kalitesinin korunmasi ve derim sonrasi 6mriin
uzamasinda etileni inhibe ederek etkili olmaktadir. Bitkide etilen reseptorlerine
baglanip etilenin bu bolgeye ulagimini engellemekte ve etilenle gergeklesen tepki-
melerin hizini yavaslatmaktadir (Sisler ve Serek, 1997). Ote yandan 60 yildan beri
yritiilen ¢aligmalarda, bitkide meydana gelen gelisimin her agamanin diizenlen-
mesinde bitki bityiime maddesi olan TAA sorumlu bulunmustur (Palavan-Unsal,
1993). Oksinin hiicreleri bitylimeye tesvik ettigi bilinmektedir. Diger yandan oksin
ve oksin benzeri maddelerin bazi klimakterik ve klimakterik olmayan meyvelerde
uygulama zamanina bagl olarak olgunlagsmay1 da geciktirebilmektedir.

1-MCP son yillarda depolama sirasinda kalite kayiplarinin yavaglatilmas: ve
depolama siiresinin uzatilmasi amaciyla elmada yaygin olarak kullanilmaktadir.
Ancak bir oksin inhibiitérii olan ve meyvelerde etilen sentezini baskiladig: ileri
stiriilen NPAnin (Sussman ve Goldsmith, 1981) elmada derim sonras katite kayip-
larinin azaltilmasinda etkili olacag: diisiintilmektedir. Bu ¢alismada NPAnin de-
nemeye dahil edilmesi bu goriise dayanmaktadir. Etilen sentezini baskilayarak el-
malarda derim sonrasi yasam potansiyelini uzatabilecegi diisiincesiyle, tilkemizde
ilk defa NPA+1-MCP uygulamasi bu ¢aliymada denenmistir. Bu bilgiler 1s1§1nda,
NPA+1-MCP basta olmak tizere NPA ve oksin uygulamalarinin ‘Golden Delicious’
elma cesidinde sogukta depolama ve raf 6mrii siirecinde kalite kayiplarin: azalta-
rak meyvelerin depolanma siirelerinin uzatilmas: hedeflenmistir.

https://doi.org/10.7161/omuanajas.1410314 d



Derim Sonrasi Oksin, 1-Metilsiklopropen ve 1-N-Naftilfitalamik...

MATERYAL VE YONTEM

Galisma, 2020-2021 yillar1 arasinda Isparta Uygulamali Bilimler Universitesi,
Ziraat Fakiiltesi, Bahge Bitkileri Boliimii'ne ait olan Derim Sonrasi Fizyolojisi La-
boratuvarinda yiiriitiilmiistiir. Denemede meyve materyali olarak, tiiketimi olduk-
¢a fazla olan iilkemizde ve aragtirma y6remizde hala yaygin olarak yetistiriciligi
yapilan ‘Golden Delicious’ elma ¢esidi kullanilmistir. Meyveler, Meyvecilik Arastir-
ma Enstitlisti Miidiirliigine ait, M106 anacina asili, 4x2 m dikim aralifina sahip ve
modifiye lider terbiye sistemi uygulanmistir Golden Delicious’parselinden temin
edilmistir. Optimum derim zamaninda; meyve gelisme siiresi (tam ¢igeklenmeden
151 giin sonra), nisasta miktari (1-10 skalasina gore 5 numara), meyve zemin rengi
ve meyve eti sertligine (90-95 N) bakilarak usuliine uygun olarak derilen meyveler,
45 dk icerisinde sogutmali aragla (4 °C) laboratuvara getirilmistir.

Derim Sonrasi Uygulamalar

Ceside 6zgii irilik ve boyda olan saglam meyveler deneme de kullanilmak iizere
secildikten sonra Kontrol, NPA, NPA+1-MCP ve Oksin (IAA) uygulamalari i¢in
4 gruba ayrilmistir. 1. uygulamada meyveler, 3 dakika 20 mg L oksin (IAA, Sig-
ma) ¢ozeltisine daldirilmistir. 2. uygulamada meyveler, 3 dakika 1 ug L 1-N-naf-
tilfitalamik asit (NPA, Naptalam, Sigma) (Oksin inhibitorii, NPA) iceren ¢ozeltiye
daldirlmustir. 3. uygulamada (NPA+1-MCP) meyveler, 6nce oda kosullarinda (21
°C ve % 50-60 oransal nem) 3 dakika siire ile 1 pg L NPA (Naptalam, Sigma) ice-
ren ¢ozeltiye daldirilmistir. Daha sonra 12 saat siireyle oda kosullarinda 1-MCP
uygulamasi yapilmistir. 1-MCP, paslanmaz gelikten imal edilmis (1m?) igerisinde
karistirici fani olan gaz sizdirmaz kabinler icerinde uygulanmustir. 4. uygulamada
kontrol meyveleri, diger tiim uygulamalarda oldugu gibi 3 dakika siireyle saf suya
daldirlmustir. Tiim uygulamalar oda kosullarinda (21 °C ve % 50-60 oransal nem)
yapilmustir. Yayict yapistirt olarak % 0.1°lik Tween 20 kullanilmigtir. Daldirma is-
lemlerinden sonra meyveler 12 saat siire ile {izerlerindeki fazla suyu uzaklagtir-
mak igin oda kosullarinda bekletilmistir. Uygulama yapilan meyveler 0 °Cde ve
% 90+95 oransal nemde 6 ay boyunca muhafaza edilmistir. Raf 6mrii ¢alismalar:
i¢in her analiz déneminde ayrilan meyveler, 7 giin siireyle 20 °C sicaklik ve % 60+5
oransal nem kosullarinda bekletilmistir. Sogukta depolama sonunda yapilan biitiin
analizler raf 6mrii sonunda da tekrar edilmistir.

Fiziksel ve Kimyasal Analizler

Agirlik kaybi (%): Meyvelerde agirlik kayb1 0.01 g hassasiyetindeki Scaltec
SBA51 model terazi ile 6l¢tilmiistiir. Denemenin basinda her uygulama i¢in
ayri1 ayri olmak tizere 15%r adet meyve etiketlenmis ve her analiz déneminde
depodan ¢ikarilan ayni 6rnekler dlgiilerek tekrar depolara konulmustur. Ayrica
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raf 6mrii analizlerinin baginda ve sonunda da meyvelerin agirliklar: alinarak
raf 6mrii boyunca meydana gelen degisimler kaydedilmis ve sonuglar yiizde
olarak hesaplanmustir.

Suda ¢oziinebilir kuru madde miktar:: Hasat donemi (baslangig) ve her analiz
doéneminde depodan ¢ikarilan meyveler kat1 meyve sikacagi ile suyu ¢ikarildiktan
sonra dijital refraktometre (Atago Pocket PAL-1) ile SCKM degerleri ol¢iilmiis ve
sonuglar % olarak verilmistir.

Titre edilebilir asit miktary: Kati meyve sikacagi kullanilarak elde edilen meyve
sularindan 10 mL alinmis ve 0.1 N’lik sodyum hidroksit (NaOH) ¢6zeltisi ile pH
degeri 8.1 oluncaya kadar pH metre (WTW Inolab marka dijital pH metre) ve
dijital biiret kullanarak titre edilmistir. Sonuglar harcanan NaOH dikkate alinarak
hesaplanmis ve g malik asit 100 mL" olarak verilmistir.

Meyve kabuk rengi: Deneme boyunca meyvelerin kabugunda meydana ge-
len renk degisimleri CR 300 model Minolta marka renk cihaz: kullanarak 6l¢iil-
miistiir. Kroma (C*) ve hue agis1 (h®) degerlerinin hesaplanmasinda asagidaki
formiiller kullanilmigtir.

he=tan™ (b*/a*) C*=[(a*)*+ (b*)?]%

Solunum hizi: Meyveler, 5 L hacmindeki tamamen gaz sizdirmaz plastik kava-
nozlara 700-750 gram araliginda tartilarak agzi sikica kapatilmigtir. Meyveler oda
kosullarinda (20+1 °C) 1-1.5 saat bekletilmis (Khan ve Singh, 2007) ve bu siire
sonunda kavanozlardan gaz sizdirmaz plastik siringa ile 15-20 mL hava alinarak
dogrudan gaz kromatografisine enjekte edilmistir. Solunum hiz1 elde edilen CO,
tizerinden hesaplanarak mLCO kg"'s" olarak verilmistir.

Patojen ve Fizyololojik kaynakl: bozulmalar: Depolama boyunca meyve 6rnekle-
ri tek tek incelenerek fizyolojik kaynakli bozulmalar gozlem yoluyla belirlenmistir.
Biitiin uygulamalarda her analiz déneminde ¢iirityen meyve sayilar1 baslangictaki
meyve sayisina oranlanarak % olarak hesaplanmistir.

Duyusal degerlendirmeler: Degerlendirmeler fliioresan 151k altinda ve kokusuz
bir ortamda 5 kisilik panelist grubu tarafindan yapilmistir (Erbas ve Koyuncu,
2016). Di1g goriiniis i¢in 1-9 (1-3 puan= pazarlanamaz; 5 puan= pazarlanabilir; 7
puan= iyi; 9 puan= ¢ok iyi) skalas1 (Koyuncu ve ark., 2005), tat ve aroma i¢in 1-5 (1
puan= ¢ok kétii; 2 puan= kotii; 3 puan= orta; 4 puan= iyi; 5 puan= ¢ok iyi) skalas1
(Koyuncu ve ark., 2005) kullanilmistir.
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Istatistik analizler: Deneme, ‘Faktériyel Diizende Tesadiif Parselleri Deneme
Deseni’ ne gore 3 tekerriirlii olarak kurulmusgtur. Her tekerriirde 8 meyve olacak
sekilde planlanmistir. Denemeden elde edilen veriler (agirlik kayb: ve renk ha-
ri¢) JMP7 paket programi kullanilarak varyans analizine tabi tutulup her analiz
donemi ve her depolama uygulamalar1 ortalamalar1 Tukey ¢oklu varyans testine
(P<0.05) gore gruplandirilmistir.

Agirlik kaybi ve renk ozellikleri bakimindan elde edilen degerler ise faktoriyel
diizende tekrarlanan 6l¢timlii varyans analizi teknigi ile analiz edilmislerdir. De-
nemede uygulama faktoriiniin 4 seviyesi, donem faktoriiniin ise baslangi¢ 7 sevi-
yesi mevcuttur. Alt gruplardaki gozlem adedi sayisi (tekerriir) 3’tiir. Tekrarlanan
ol¢timler dénem faktoriiniin seviyelerinde gergeklestirilmistir.

BULGULAR VE TARTISMA

Agirlik Kaybi

Elmalarda sogukta depolama ve raf émrii siirecinde farkli uygulamalarin ve
mubhafaza siiresinin agirlik kayb {izerine etkisi istatistik olarak 6nemli bulunmus-
tur (P<0.05) (Cizelge 1). Meyvelerde derim sonrasi meydana gelen agirlik kaybi,
hem kalite hem de ekonomik kayba neden olmaktadir. Sogukta depolama siiresin-
ce tiim uygulamalarda agirlik kayb1 zamana bagl olarak diizenli olarak artmuistir.
Ancak NPA+1-MCP uygulanan elmalardaki agirlik kayb: diger uygulamalara ki-
yasla daha diisitk bulunmustur (% 4.52). NPA+1-MCP kombinasyonu kadar bariz
olmasada NPA uygulanmis elmalarda agirlik kaybi kontrole kiyasla kismen diistik
bulunmugtur. En fazla agirlik kayb: kontrol meyvelerinde (% 5.61) tespit edilmis,
bunu sirasiyla oksin (% 5.48) ve NPA (% 5.24) takip etmistir. NPA+1-MCP uygu-
lamasimin diger uygulamalara goére agirlik kaybini azaltmasi, 1-MCP ve NPA nin
etilen biyosentezi tizerinden solunum hizini baskilamasiyla agiklanabilir. Benzer
sekilde Bulens ve ark. (2012) ve Karagiannis ve ark. (2018) elmalarda, 1-MCPnin
tiriin metabolizmasini yavaglatarak agirlik kaybini azalttigini rapor etmislerdir.
Oksin inhibiitérii olan NPAnin elmalarda tek bagina solunum hizini azalatabile-
cegi beklenebilir. Nitekim ¢aligmamizda da NPA, oksin ve kontrol grubuna gore
solunum hizini azaltmistir (Cizelge 7). Dolayisiyla NPA uygulanmis elmalarda
kontrole gore agirhik kaybinin kismen diisiik olmas: solunum hizi {izerine olan
baskilayici etkisiyle agiklanabilir.

Sogukta muhafazada oldugu gibi raf 6mrii stiresince agirlik kayb: artmistir. Bu
degisim istatistik olarak 6énemli bulunmustur. Ancak tim uygulamalarda soguk-
ta muhafazaya kiyasla rafta bekletilen elmalarda agirlik kayb: dafa fazla olmustur
(Cizelge 1). Bu gozle goriiliir artisin ortamdaki sicakligin artmasiyla beraber su
kaybindaki artistan kaynaklandigini séyleyebiliriz. Nitekim Serrano ve ark. (2003)
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meyvelerde, ytiksek sicakliga bagli olarak oda kosullarinda agirlik kaybinin daha
yiiksek oldugunu bildirmislerdir. Uygulama dikkate alindiginda, en fazla agirlik
kayb1 kontrol grubunda (% 7.22) saptanirken, bunu sirastyla oksin (% 7.12), NPA
(% 6.99) ve NPA+1-MCP uygulamasi (% 6.24) izlemistir. NPA+1-MCP uygula-
masinin agirlik kaybi tizerine olan olumlu etkisi sogukta muhafazada oldugu gibi
solunum hizini (Cizelge 7) baskilamasiyla aciklanabilir.

Cizelge 1. Derim sonrast farkli uygulamalarin ‘Golden Delicious’ elma gesidin-
de sogukta muhafaza ve raf omrii siirecinde agirlik kayb1 (%) tizerine etkisi

Table 1. The effect of different postharvest treatments on weight loss (%) during
cold storage and shelf life in ‘Golden Delicious’ apple variety.

MS
U U Ort.
1ay 2ay 3ay 4 ay 5ay 6 ay

NPA+1-MCP 2.12+0.07 3.73+0.12 4.25+0.17 4.88+0.20 5.93+0.24 6.22+0.34 4.52¢
Oksin 2.41+0.07 3.94+0.21 5.08+0.14 5.97+0.16 7.17+0.19 8.33+0.19 5.48a
NPA 2.29+0.09 3.86+0.16 4.96+0.20 5.75+0.18 6.86+0.20 7.70+0.18 5.24b
Kontrol 2.72+0.29 3.96+0.32 5.15+0.32 5.93+0.31 7.52+0.34 8.35+0.37 5.61a

MS Ort. 2.39% 3.87d 4.86¢ 5.63b 6.87a 7.65a

Onemlilik dereceleri
MS: U:* MS x U: OD
MS

U U Ort.

0glin+7 glin ~ lay+7giin  2ay+7glin  3ay+7gin 4ay+7glin 5ay+7giin  6ay+7 giin

NPA+1-MCP 2.34+0.17 4.48+1.23 6.18+0.14 6.71+0.19 7.21+0.21 8.32+0.25 8.40+0.34 6.24b

Oksin 2.26+0.06 5.09+0.12  6.53+0.23 7.53+0.16 8.45+0.15 9.34+0.25 10.67+£0.20  7.12a

NPA 2.26+0.06 4.96+0.12  6.53+0.14 7.44+0.20 8.30+0.20 9.42+0.22 10.00+0.15  6.99b
Kontrol 2.11+0.07 5.30+0.30  6.40+0.32 7.44+0.31 8.62+0.35 9.98+0.36 10.66+0.39  7.22a
MS Ort. 2.24e 4.96d 6.41c 7.28b 8.14ab 9.26a 9.94a

Onemlilik dereceleri

MS: * U MS x U: OD

U: Uygulama, MS: Muhafaza siiresi, 1-MCP: 1-Metilsiklopropen, NPA: 1-N-naftilfitalamik asit, OD: Onemli degil, Ort: Ortalamalar,
**: P<0.01. Satirlardaki ve siitunlardaki farkl: harflerle gosterilen ortalamalar arasindaki farklar istatistik olarak 6nemlidir (P<0.05)

Suda Céziinebilir Kuru Madde Miktari

Calismada, SCKM igerigi tizerine muhafaza siiresi (MS) x uygulama (U) in-
teraksiyonun etkisi istatistik olarak 6nemli (P<0.05) bulunmustur (Cizelge 2).
Meyvelerin depolama sonundaki SCKM igerikleri baslangi¢ degerlerine gore ar-
tig gostermistir. Baglangicta % 11.47 (NPA) ile % 12.20 (kontrol) arasinda sapta-
nan SCKM degerleri, depolamanin 6. ayinda % 13.23 (NPA) ile % 14.40 (kontrol)
arasinda degismistir. En fazla artis kontrol grubunda olmustur. Nitekim Kaynas
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ve ark. (1992)’nin elmalarda depolama sonunda olgiilen SCKM degerinin genel-
de baslangi¢c degerinden yiiksek oldugunu belirten bulgusu aragtirmamizi des-
tekler niteliktedir. Meyve suyunda ol¢illen SCKM’nin biiytik boliimiinii sekerler
olusturmaktadir. Olgunlagma ile beraber nisasta sekere dontistiigii icin seker mik-
tarmn arttifi belirlenmistir. Olgunlasan meyveler ham meyvelere kiyasla daha
yitksek SCKM miktarina sahiptirler (Sing ve Khan, 2010). Calismamizda 1-MCP
ve diger uygulamalarin SCKM miktar: tizerine etkisi istatistik olarak 6nemsiz bu-
lunmugtur (Cizelge 2). 1-MCP uygulamasinin etilen sentezini bloke ederek olgun-
lagmayr geciktirirken sogukta depolama sirasinda SCKM igerigi tizerine etkisinin
onemsiz ¢itkmasi, SCKM igeriginin su kaybi ve solunum hizi gibi faktorlere gore
de degisiklik gostermesiyle aciklanabilir. Benzer sekilde Rupasinghe ve ark. (2000)
ve Larrigaudiere ve ark. (2008) 1-MCP’nin, elmalarda SCKM {izerine 6nemli bir
etkisinin olmadigini kaydetmislerdir.

Elmalarda raf 6mrii stirecinde SCKM miktar: iizerine sadece muhafaza stiresi-
nin etkisi istatistik olarak 6nemli (P<0.05) bulunmustur (Cizelge 2) Depolamanin
baslangicinda ortalama % 12.28 olan SCKM degeri, depolama sonunda % 12.83
degerine yiikselmistir. Bu artigin ortamdaki sicakligin artmasindan kaynaklandi-
gin1 belirtebiliriz. Ortamdaki sicaklik arttik¢a, su kaybi da artmaktadir. Keza Peano
ve ark. (2010) iiriinlerde meydana gelen agirlik ya da su kaybinin SCKM miktar1
tizerine etkili oldugunu, artan su kaybiyla birlikte SCKM degerinin de arttigini bil-
dirmistir. Ayni sekilde Lavilla ve ark. (1999), farkli kosullarda depolanan ‘Granny
Smith’ elma ¢esidinde SCKM iceriginde artis belirlemislerdir.

Cizelge 2. Derim sonrasi farkli uygulamalarin ‘Golden Delicious” elma gesi-
dinde sogukta muhafaza ve raf omrii siirecinde SCKM (%) miktar: tizerine etkisi

Table 2. The effect of different postharvest treatments on solible solids content (%)
during cold storage and shelf life in ‘Golden Delicious’ apple variety.

u MS U Ot
0 gin lay Zay 3ay fay 5ay Gay
NPA+ 1-MCP 11L.80des0.47 12.37b-e+0.32 1340a-e+0.32  13.27a-e+0.52 14.83a+0.38 13.63a-¢x0.19  13.37a-e+087 13.24%°
Olksin 12.00c-e+0.21 13.77a-d+0.55  1267a-e+0.02 134324033 [407a-cH04] 13.63a-e£0.22  13.30a-e+0.55 1327
NPA 11.47ex0.24 1220b-e+0.00  1347a-c+0.54  1343a-e+020  13.23a-e+0.10 12.80a-¢+0.06 13.23a-e+022 1283
Kontral 12.20b-e+0.06 1320a-¢+047  13.47a-c+0.32 14.77a20.23 13.03a-e+0.48  12.33b-c20&  14.40abe0.91 1334
MS Ort. 11.87¢ 12,880 13.25ab 13.73ab 13.7% 13.10ab 13.58ab
Onemlilik dereceleri
M52 u-0D M8 5 U
u M5 U Ot
0gint7gan | ay+7 gin Juyt7gin | Jays7gin | day+Tgin | Say+Tgin | Gay+7 gan
NPA+1-MCP 11.73£0.58 12.7340.61 13.53£0.07 12804074 13.23:0.67 12.5740.55 13.704£1.00 129000
Olesin 12204017 13.33+1.22 14204079 13.5740.42 13.604+0.26 12.8040.46 11.93+0.07 13.09
NPA 12.0340.09 13.5320.47 14.03£0.17 12.3040.58 13.87+0 86 13.07+0.64 12234037 13.01
Kontral 13.13+0.80 13.23+0.34 14.13£0.29 12204021 14332043 13.67+0.20 13434017 13.45
MS Ort. 12.28c 13.21a-¢ 13.98a 12.72bc 13.76ab 13.03a-c 12.83a-c
Onemlilik dereceleri
MS: U:0D MS x U:0D

U: Uygulama, MS: Muhafaza siiresi, 1-MCP: 1-Metilsiklopropen, NPA: 1-N-naftilfitalamik asit, OD: Onemli degil, Ort: Ortalamalar, **:
P<0.01. Satirlardaki ve siitunlardaki farkli harflerle gosterilen ortalamalar arasindaki farklar istatistik olarak 6nemlidir (P<0.05)
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Titre Edilebilir Asit Miktari

Caligmada uygulamalarin, muhafaza siiresinin ve MS x U interaksiyonunun
TEA (g 100 mL") miktar: tizerine etkisi 6nemli (P<0.05) bulunmustur (Cizelge 3).
Sogukta depolama boyunca zamana bagli olarak biitiin uygulamalarda meyve TEA
degerleri diizenli olarak azalmistir. Ancak en az degisim NPA+1-MCP uygulama-
sinda olmustur. Bu grupta baslangicta ortalama 0.59 g 100 mL" olan asitlik degeri,
depolamanin 6. aymda 0.41 g 100 mL"olarak ol¢tilmiistiir. Meyve asitligini en iyi
koruyan uygulama beklendigi gibi NPA+1-MCP kombinasyonu olmustur. Cizelge
3de goruldugt gibi NPA+1-MCP (0.56 g 100 mL") uygulamasi istatistik olarak
oksin, NPA ve kontrol uygulamalarindan farkli bir grupta yer almistir. Oksin (0.48
g 100 mL™"), kontrol (0.46 g 100 mL™") ve NPA (0.45 g 100 mL") uygulamalarin-
dan elde edilen TEA degerleri birbirine olduk¢a yakin bulunmustur. NPA+1-M-
CP uygulamasinin meyve asitligi tizerine olumlu etkisi bu kombinasyonun meyve
etilen sentezi {izerinden metabolizmay: baskilamasi ve olgunlagsmayi yavaglatmasi
ile asitlik degerinin daha iyi korunmasi ile agiklanabilir. Nitekim onceki yillarda
1-MCP uygulanarak yapilmis elma muhafaza ¢aligmalarinda 1-MCP’nin kontro-
le kiyasla bariz sekilde meyve TEA degerini korudugu rapor edilmistir (Johnson,
2003; Lafer, 2003).

TEA degerinde, sogukta muhafaza sirasinda elde edilen egilime benzer sonug-
lar raf 6mrii stirecinde de tespit edilmistir. Sogukta muhafazada oldugu gibi oksin
(0.26 g 100 mL"), NPA (0.22 g 100 mL™") ve kontrol (0.27 g 100 mL"') uygulama-
lar1 daha fazla asitlik degisimi gosterirken, NPA+1-MCP uygulanmis meyvelerde
sadece 0.07 g 100 mL"lik bir azalig saptanmustir (Cizelge 3). Depolama sonunda
meyve asitlik degerinin sogukta muhafazaya gére kismen daha diisitk olmasi sicak-
liga bagl olarak olgunlasmanin ve metabolizmanin daha hizli olmasi ve organik
asitlerin daha fazla kullanilmasi ile agiklanabilir. Benzer sekilde Diindar ve ark.
(2009) sogukta muhafazaya kiyasla, raf 6mrii doneminde TEA miktarinda daha
fazla azalma oldugunu bildirmislerdir.
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Cizelge 3. Derim sonras! farkli uygulamalarin ‘Golden Delicious” elma ¢esidin-
de sogukta muhafaza ve raf dmrii siirecinde TEA miktari (g 100 mL") tizerine etkisi

Table 3. The effect of different postharvest treatments on titratable acidity (g 100
mL™") during cold storage and shelf life in ‘Golden Delicious” apple variety

M5

u — U Ot
0 giin 1 ay 2ay Jay A ay 5ay 6 ay
NPA+1MCP  0.59 cx0.01 .59 c+0.02 0540 [£0.02 0.662+£0.01 048ch+0.04  0.63abi0.05 0A10h0.03 D562
Oksin 0.61a-dr0.01 0.61a-dr0.04 049h-gi0.01  0ASec-hi00Z  038ghi0n2 0.A47e-[20.01 0.35gh1001  D.A8h
NPA 0.622-c+0.03 0.572-+0.01 0ATc-[+0.03 0A41Fh+0.04  0.37gh+0.04 0.34h0.04 0.35gh+001  0.45b
Kontral 0.582-+0.01 0.62a-cH.05 047c-[+0.02 0.420-h+0.01 0.36gh+0.03 0411 h+0.01 0.36gh+0.03  0.46h
MS Ort. 0.60a 0.60a 0.50b 0.40b 0.40c 0.46b 0.37¢
Onemlilik dereceleri
MS: [SEe MBS U
MS
v 0 giin+7 giin 1 ay+7 giin 2 ay+7 giin 3 ay+7 giin Aay+7 gin 5 ay+7 giin 6 ay +7 giin U On.
NPA+1-MCP  0.522-d+0.03  0.55a-c+0.02 0.58ab+0.02 05la-e40.03 05024000  042d-h+0.01  0.45cg+0.04 0.508
Oksin 058ab+0.02  045c-g005  0ATact003  0Aldas002  0Ald-n+0.03 035(:£0.01 0.32h-1£0.01 0.43h
NPA 05la-c+0.02  04Bacx00]  043d-h00]  0.40da:0.01 0.30¢-120.01 0.32h1+0.01 0.200+0.00 0.40b
Koniral 0.600+0.04 0502 e+0.01  0ASact0.02  0A42d h00l  040da0.02 0.300+0.03 0.33g 1202 0.43b
MS Ore. 0.55a 0.50b 0.49h 0.44c 0.43c 0.35d 0.35d
Onemlilik dereceleri
MS. U+ MBS x U

U: Uygulama, MS: Muhafaza siiresi, 1-MCP: 1-Metilsiklopropen, NPA: 1-N-naftilfitalamik asit, Ort: Ortalamalar, **: P<0.01. Satirlardaki
ve siitunlardaki farkli harflerle gosterilen ortalamalar arasindaki farklar istatistik olarak énemlidir (P<0.05)

Meyve Kabuk Rengi

Elmalarda sogukta depolama siirecinde muhafaza siiresinin meyve kabuk rengi
L*degeri tizerine etkisi istatistik olarak 6nemsiz (P<0.05) bulunmustur (Cizelge 4).
L* degeri, rengin a¢ikligini ve koyulugunu ifade etmektedir. L* degeri 0 ile 100 ara-
sinda degismekte olup, aldig1 deger rakamsal olarak arttik¢a rengin parlakliginin
arttigini, deger azaldik¢a parlakligin azaldigini ifade etmektedir (Dilmagiinal ve
ark., 2014). Depolamanin baslangicinda ortalama 68.40 olan I*degeri, depolama
sonunda 71.64% yiikselmistir. Bahge tirtinlerinde depolama boyunca meyvelerin
aldig1 renge gore degiskenlik gosteren ve farkl: faktorler etkisi altinda olan L* de-
geri, bu caliymada muhafaza siiresi uzadik¢a artmistir. Bunu elmalarin yesil olan
zemin renginin olgunlasma ile birlikte degiserek agik sarrya donmesi ve kabuktaki
kiitikula tabakasinin degisimiyle iliskilendirebiliriz. Olgunlagma ile iligkili cogu
kalite ozelligi iizerine etkili olan 1-MCP’nin I'degeri iizerine etkisi saptanmamus-
tir. Benzer sekilde Jemric ve ark. (2012) Granny Smith elma ¢esidinde, 1-MCP’nin
L* degerine etki etmedigini bildirmislerdir.

Raf omri stirecinde muhafaza siiresi ve uygulamalarin meyve kabuk ren-
gi L*degeri lizerine etkisi istatistik olarak 6nemli (P<0.05) bulunmustur (Cizelge
4). Baslangicta ortalama I degeri 67.70 iken, depolama sonunda 73.22 degerine
ulagmistir. Sogukta muhafazaya oranla I degerinde daha fazla bir artis olmustur.
Sicakligin artmasi ile birlikte meyvenin daha hizli olgunlasmasi, yesil olan kabuk
renginin daha hizli bir sekilde parlak a¢ik sariya doniigmesi L* degerinin kismen
daha fazla yiikselmesinin nedeni olabilir. Nitekim ortalama degerler incelendigin-
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de, NPA+1-MCP uygulamasi 69.69’luk degerle en diisiik I degerini vermis ve di-
ger uygulamalardan farkli grupta yer almistir. Bu durum NPA+1-MCPnin olgun-
lagmay1 ve buna bagl olarak kabuk rengi degisimini en fazla yavaslatan uygulama
olmastyla agiklanabilir. En yiiksek I degeri NPA (71.80) uygulamasinda bulunur-
ken, bunu sirasiyla kontrol (71.43) ve oksin (71.02) uygulamalari takip etmistir.

Cizelge 4. Derim sonrasi farkli uygulamalarin ‘Golden Delicious” elma gesidinde
sogukta muhafaza ve raf 6mrii siirecinde meyve kabuk rengi L* degeri tizerine etkisi

Table 4. The effect of different postharvest treatments on L* value of skin color
during cold storage and shelf life in ‘Golden Delicious’ apple variety.

u MS U Ort.
0 gin 1ay 2ay 3ay 4ay 5 ay 6 ay
NPA+1-MCP 68444015 67794011 69334046 F0.2340.58 FORI+0.61 T163+0,63 F203+0.46 F004%
Olksin 68.60£0.83 67.99£0.37 70211047 69.07+1.06 71.1940.56 71 884026 69.68+2.90 69.80
NPA 68.76+0.96 67.97£0.68 70.0410.12 F0720.76 7186070 7253085 72 A8+0.41 T0.62
Kontral 6T BIH0T 679440 81 T0284+0.58 T0964+0.56 TLA5+0.52 T2 26054 T2ITH056 T0.AT
M5 Ort. 684007 67.92 69.97 70.25 71.38 7207 71.64
Oinemlilik dereceleri
MS: OD U-0D MS = UOD
u M3 U Ort.
Ogiini7gin  lays7gin  daysdgin  3ays7gin  daysTgin  Saysdgan | 6ay+7 gin
MPA+1-MCP 67042047 68324046 68332096 68.45£0.78 T0.07£0.70 73.0410.28 72.59£0.22 69.690
OHesin 67 9940.04 TO0140.36 &9 _RTH0.69 T1.5240.23 T2.1440.29 T265+0.66 7297+0.40 F1.02a
NPA 68.1540.24 71832127 T0A8£0.34 71612034 72772033 71824039 7397£1.02 71.80a
Kontrol 67624057 72032047 70.7610.32 71.7120.84 71942040 72.5810.19 73.3640.23 7143
MS Ort. 67 70e F0.BOC 69.86d TOB2c 71.73h 7277k F3illa
Onemlilik dereceleri
ME: U MS x U:0D

U: Uygulama, MS: Muhafaza siiresi, 1-MCP: 1-Metilsiklopropen, NPA: 1-N-naftilfitalamik asit, OD: Onemli degil, Ort: Ortalamalar, **:
P<0.01. Satirlardaki ve stitunlardaki farkli harflerle gosterilen ortalamalar arasindaki farklar istatistik olarak 6nemlidir (P<0.05)

C* degeri, meyve renginin canliligini veya donuklugunu ifade etmektedir. De-
polamanin baslangicinda ortalama 46.49 olan C* degeri, depolamanin 6. ayinda
49.41'% yiikselmistir. C* degerinin yiiksek olmasi rengin daha canli ve doygun ol-
dugunu ifade eder. Caliymada C* degerinin biitiin uygulamalarda yiikselmesi mey-
venin olgunlagmayla birlikte sar1 rengin daha doygun hale gelmesi ile agiklanabilir.
Sogukta depolama boyunca sadece muhafaza siiresinin C* degeri tizerine etkisi
6nemli bulunmustur (Cizelge 5). Genellikle diger kalite parametreleri iizerine et-
kili olan NPA+1-MCP kombinasyou C'degeri iizerine etkili olmamistir. Nitekim,
Fan ve ark. (2000) ve Jemric ve ark. (2012), 1-MCP’nin derim sonrast C* degeri
tizerinde etkili olmadigin: bildirmislerdir.

Raf 6mrii boyunca muhafaza siiresinin, uygulamalarin ve MS x U interaksiyo-
nun meyve kabuk rengi C* degeri iizerine etkisi istatistik olarak énemli (P<0.05)
bulunmugtur (Cizelge 5). Sogukta muhafazaya benzer sekilde raf 6mrii siirecinde
de C* degeri zamanla artmistir. Baglangicta ortalama 43.84 olan C* degeri, depola-
manin 6. ayinda 49.42’ye ulasmistir. Bu durum olgunlagmaya bagli olarak sar1 ren-
gin yogunlugunun artmasi ile agiklanabilir. Nitekim ‘Golden Delicious” elmalarin-
da depolama siiresi uzadikga yesil rengin kaybolarak hakim sar1 rengin olusmasi
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C* degerinin daha yiiksek olmasina neden olmustur. Nitekim Calhan (2018), sar1
renkli meyve olan ayvada da C* degerlerinin siirekli artis géstermesinde, muhafaza
stiresince sar1 renk gelisimin devam etmesi ve bu rengin yogunluk ve canliliginin
artmasinin etkili oldugunu bildirmistir.

Cizelge 5. Derim sonrasi farkli uygulamalarin ‘Golden Delicious” elma gesidinde
sogukta muhafaza ve raf omrii siirecinde meyve kabuk rengi C* degeri {izerine etkisi

Table 5. The effect of different postharvest treatments on C* value of skin color
during cold storage and shelf life in ‘Golden Delicious’ apple variety.

Ms

u U0
0 gin 1ay Zay Jay 4ay 5ay 6ay
NPA+I-MCP 46.81+0.28 48.49+0.19 45.5520.37 48.2410.77 49.06+0.61 50.06+0.75 50.90+0.19 48.445
Olksin 46.31+0.37 48.07+0.15 46.1440.49 A47.5042.45 A47.8040.23 49.1640.26 49.38+0.40 A7.97
NPA 46.62+0.12 48.48+0.14 46.2840.43 49.5540.34 48.7240.29 49.2840.05 47.7042.31 48.09
Kontral 46.23+0.07 48.8240.15 46.8740.27 46.67+2.03 48.75+0.02 49.3240.23 49.6740.28 48.05
M5 Ot 46490 48.16a 46.21c 47990 48.58a 49.45a 49.4la
Onemlilik dereceleri
ME:* u:0D MS = U:0D
u - — - - = MS - - o U0,
0 giin+7 gin | ay+7 giin 2 ay+7 giin Jay+7 gin A ay+7 gin 5ay+7 gin 6 ay +7 gin
NPA+I-MCP 43.30+0.29 45.51+0.30 46.2640.58 A7.7810.80 49.67+0.50 53.1440.53 48.19+1.02 47.69b
Oksin 43.63+0.59 46.90+0.55 47.3940.48 43.2410.23 49.98+0.40 50.07+0.76 49.004£2.06 47.17b
NPA 44.45+0.23 48.5040.26 48_1840.35 49.80+0.46 50.30+0.36 49.79+0.14 S51.7440.78 48 98a
Kontral 43.08+0.28 48.44+0.59 48.2140.13 40.68+0.68 49.85+0.29 50.2940.32 48.7841.72 48 46ab
MS Ort. 43.84c 47_34b 47.51b 47620 49.97a 50.82a 49.42a
Onemlilik dereceleri
MS-* u= MS = Lo

U: Uygulama, MS: Muhafaza siiresi, 1-MCP: 1-Metilsiklopropen, NPA: 1-N-naftilfitalamik asit, OD: Onemli degil, Ort: Ortalamalar, **:
P<0.01. Satirlardaki ve stitunlardaki farkli harflerle gosterilen ortalamalar arasindaki farklar istatistik olarak 6nemlidir (P<0.05)

Denemede muhafaza siiresinin sogukta depolama siirecinde meyve kabuk ren-
gi he degeri tizerine etkisi istatistik olarak 6nemli (P<0.05) olmustur (Cizelge 6). h°
ac1 degeri bir renk dairesi tizerinde gozle fark edilebilen renkleri gostermektedir.
Bu dairede 0° ile 360° arasinda, 0° den 90°’ye dogru gidildik¢e kirmizidan sariya,
90°den 180°’ye dogru gidildikge saridan yesile, 180°den 270°ye dogru gidildikge yesil-
den maviye ve 270°den 360°’ye dogru gidildik¢ce maviden kirmizi renge dogru donii-
siimii gostermektedir (McGuire, 1992). Depolama boyunca he degerinde azalma goz-
lenmistir. Baglangicta ortalama 115.55 olan he degeri, depolamanin 6. ayinda 100.36
degerine diigmiistiir. Bu degisimi meyvenin olgunlagmasiyla birlikte renginin yesilden
sartya donmeye baglamasiyla agiklayabiliriz. Nitekim Tijskens ve ark. (2008), meyve-
lerde yesil rengi veren klorofilin azalarak sar1 rengi olusturan renk maddelerinin olus-
mastyla he degerinin azaldigini bildirmislerdir. Uygulamalarin etkisi istatistik olarak
onemsiz bulunmasina ragmen, depolama sonundaki veriler incelendiginde NPA+1-M-
CPnin yiiksek degere sahip oldugunu soyleyebiliriz (102.42). Bunu sirastyla kontrol
(99.95), oksin (99.55) ve NPA (99.53) takip etmektedir. NPA+1-MCP kombinasyonun
digerlerine kiyasla daha yiiksek degere sahip olmasi, 1-MCP’nin meyvenin olgunlas-
masini geciktirmesi ve boylece meyvenin renginin kismen daha yesil kalmis olmasiyla
agiklanabilir. Nitekim elmada (Fan ve ark.,1999) ve kayisida (Fan ve ark., 2000) 1-MCP
uygulanmig meyvelerin kabuk rengini daha iyi korundugu rapor edilmistir.
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Mubhafaza siiresinin ve uygulamalarin raf 6mri stirecinde meyve kabuk ren-
gi ho degeri lizerine etkisi istatistik olarak 6nemli bulunmustur (P<0.05). Soguk-
ta muhafazaya benzer sekilde depolama boyunca h° degerinde azalma meydana
gelmistir. Baglangicta ortalama 116.08 olan h° degeri, depolama sonunda 101.95
olmustur (Cizelge 6). Sicakligin artmasi ile birlikte etilen hizinin artmasi ve
meyvenin olgunlasmasi renk degerinin yesilden sariya dontismesini saglamistir.
Clinkii ortamdaki etilen varligi renk pigmentlerinin sentezini hizlandirarak meyve
tiir ve gesidine 6zgli rengin daha da koyulagsmasina neden olmaktadir. Literatiirde
de etilenin elmalarda olgunlagsmay: hizlandirarak renk olusumunu tetikledigi
bildirilmigtir (Stover ve ark., 2003). En yiiksek he degeri NPA+1-MCP (108.62) uy-
gulamasinda saptanirken, bunu sirasi ile oksin (106.83), kontrol (106.11) ve NPA
(97.53) takip etmistir.

Cizelge 6. Derim sonrasi farkli uygulamalarin ‘Golden Delicious” elma gesidinde
sogukta muhafaza ve raf 6mrii siirecinde meyve kabuk rengi h°® degeri tizerine etkisi

Table 6. The effect of different postharvest treatments on h° value of skin color
during cold storage and shelf life in ‘Golden Delicious’ apple variety.

MS

u U Ot
0 giin 1 ay 2ay 3ay 4 ay 5ay Gay
NPA+1-MCP 115264055 113114039 110734023 107404035  105.8440 26 103.7740.52 102424043 108,367
Ohesin 115432079 113.5040.30 11100023 108.19+0.58  106.49£0.40 1051 3+0.61 00.55+3.03 108.47
NPA 114.970.90 113.6640.56 111.16+0.32 10800099  106.30x1.21 104.8420.1.33 99.53+3.47 108.35
Kontrol 116.5520.43 114.05+0.63 11160071 104493441  105.79£2.09 105.69+1.11 99.95+3.79 108.30
M5Ot 115.55 113.58h 111120 107.02c 106.10¢ 104.86c 100.36d
Onemlilik dereceleri
ME+ U.:0D MS = UOD
u — . - - MS - = - - U Ot
0 giin+7 giin 1 ay+7 giin 2 ay+7 giin 3 ay+7 gin 4 ay+7 giin 5ay+7 gin 6 ay +7 gin
NPA+1-MCP 116.65+0.24 113258044 110.53+0.73 107.2610.17 106424107 101.88£0.36 104.3351.94 108.62a
Ohesin 116.18+0.30 110924042 109.07+0.23 101.4744.23 104.8430.09 102.4720.44 102.89:0.18 106.83ab
NPA 11585+0.21 1089 0740 54 48184035 101 82+4.61 1049440200 10327+1.33 Q9584110 97.53c
Kontrol 11565047 109 462083 10E.30+0.69 101.93+4.80 104.8240.37 101602019 10101116 106,110
MS Ot 116.08a 110.67b @4.02d 103.12c 105.25¢ 102.30¢ 101.95¢
Onemlilik dereceleri
M5 U MS x U

U: Uygulama, MS: Muhafaza siiresi, 1-MCP: 1-Metilsiklopropen, NPA: 1-N-naftilfitalamik asit, OD: Onemli degil, Ort: Ortalamalar, **:
P<0.01. Satirlardaki ve siitunlardaki farkl harflerle gosterilen ortalamalar arasindaki farklar istatistik olarak énemlidir (P<0.05)

Solunum Hizi

Derim sonrast NPA, oksin ve NPA+1-MCP uygulanmis ‘Golden Delicious’
elma ¢esidinde sogukta muhafaza ve raf omri siirecinde meyvelerin solunum hizi
(mL CO, kg's") iizerine uygulamalarin, muhafaza siiresinin ve MS x U interak-
siyonun etkisi 6nemli (P<0.05) olmustur (Cizelge 7). Solunum hizi klimakterik
meyvelerde derim sonras: émriin belirlenmesinde en 6nemli faktérlerden birisidir
(Bal, 2016). Sogukta depolama boyunca tiim uygulamalarda solunum hizi muha-
faza siiresinin uzamast ile birlikte artmigtir. Baslangigta ortalama 1.15 mL CO, kg
's’' olan solunum hizi, depolama sonunda 6.37 mL CO, kg's" degerine ulagmustir.
Solunum hizini diger uygulamalara kiyasla en iyi baskilayan NPA+1-MCP (2.91
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mL CO, kg's") olmustur. Solunum hizi en yiiksek oksin (5.18 mL CO,kg's™) uy-
gulamasinda belirlenmis, bunu sirastyla kontrol (3.72 mL CO,kg''s ™) ve NPA (3.22
mL CO, kg's") takip etmistir. NPA+1-MCP kombinasyonun diger uygulamalara
gore solunum hizini azaltmakta daha etkili olmasi, NPA ve 1-MCP'nin etileni daha
iyi baskilamasi ile agiklanabilir. Ergun (2017) klimakterik tiriinlerde, olgunlagsma
sirasinda artan etilen tiretiminin solunum hizini da arttirdigini bildirmistir. Nite-
kim Saftner ve ark. (2003) ve Glineyli ve ark. (2019) 1-MCPnin elmalarda etilen
sentezini baskilayarak, solunum hizini azalttigini bildirmislerdir.

Sogukta muhafazaya benzer sekilde depolama boyunca olgunlagmayla beraber
solunum hizi artmustir. Fakat raf 6mrii stirecinde solunum hizi sogukta muhafaza-
ya oranla daha yiiksek bulunmugtur. Bu artisin sicakligin artmasiyla beraber etilen
sentezine bagli artistan kaynaklanabilecegini soyeleyebiliriz. Keza Fonseca ve ark.
(2002) sicakligi, solunumu etkileyen en 6nemli digsal faktor olarak tanimlamuslar,
dagitim ve pazarlama zincirinde uygulanan sicaklik derecelerinin her 10 °C’lik ar-
tisinda metabolik reaksiyonlarin ve solunum hizinin genellikle iki ya da ¢ kat art-
tigin1 bildirmislerdir. Uygulama ortalamalarina bakildiginda, en fazla solunum hi-
zinda artig kontrol grubunda (10.20 mL CO, kg's" gozlenirken, bunu oksin (8.85
mL CO,kg's"), NPA (6.87 mL CO,kg's") ve NPA+1-MCP (2.68 mL CO,kg's")
uygulamast takip etmistir. NPA+1-MCP’nin solunum hizini azaltmasini sogukta
muhafazada oldugu gibi 1-MCP’nin etilen sentezini baskilayarak solunum hizini
da azaltmasi ile agiklayabiliriz.

Cizelge 7. Derim sonrasi farkli uygulamalarin ‘Golden Delicious’ elma ¢esi-
dinde sogukta muhafaza ve raf émri stirecinde solunum hizi (mLCO, kg™ s7)
lizerine etkisi

Table 7. The effect of different postharvest treatments on respiration rate (mLCO,
kg s7') during cold storage and shelf life in ‘Golden Delicious’ apple variety.

u MS U Ort.
0 giin 1ay 2ay Jay 4ay Say Gay
NPA+1-MCP 0.00h20.00 4.05b-g+0.32 193(g0.02 2.99e-g0.25 1.52g+0.37 1.03b-ge0.77 3 7dc-g+027 191c
Oksin 136b-Fr0.34 AT7Th 4017 3150 g+025  3.03e gr0.00 3.95b-ge0.14 1.62b-[+0.28 12.3%a+1.13 5.18a
NPA 0.07h20.01 5.07b-de0.12 307e-gi002  300e-pr025 2.53g10.28 4.50b-F10.36 A31b-g10.09 322
Kontrol 0.07h20.02 5.67b20.16 320e-g+0.05  3.30d-ge.14 3.38d-g0.14 5.35be0.16 5.05b-d+0.21 3.72b
M5 Ort. 1.15d 4.80h 3.09c 3.0Bc 3.10¢ 463b 6.37a
Onemlilik dereceleri
M5 [ MS x Uz
MS
v 0 giin+7 giin 1ay+7 giin 2 ay+7 gin 3 ay+7 giin 4ay+7 giin 5 ay+7 giin G ay +7 giin Uon.
NPA+1-MCP 3851 120,48 2 83kk+0.30 334j1+0.28 1.991d+0.17 1.621+0.20 2.55kd+0.59 2.61k1+0.20 268d
Oksin 5.07g 1+0.47 9.68a g+2.46 6.14e 1111 920b 04 9.24b hx0.20 10.98a-d+0.49 11.51ab20.22 2.85h
NPA 4.85h-1+0.86 4.79h-1+0.35 7.59b-j+0.12 8.12b-1£0.61 5.670-1+2.09 6.44d-k+0.83 10.62a-c+0.73 6.87c
Kontrol 6.61c-ke0.45 10.09a-[+0.38 E07b-120.17  9.56b-g+0.19 14.28a+1.58 11.54ab+0.48 1124a-c0.13 10.208
M5 Ort. 5.09c 6.85bc 6.29be 7.24ab 7.70ab 7.88ab 9.00a
Onemlilik dereceleri
M5 [ MS x Uz

U: Uygulama, MS: Muhafaza siiresi, 1-MCP: 1-Metilsiklopropen, NPA: 1-N-naftilfitalamik asit, Ort: Ortalamalar, **: P<0.01. Satirlardaki
ve stitunlardaki farkli harflerle gosterilen ortalamalar arasindaki farklar istatistik olarak onemlidir (P<0.05)
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Duyusal Degerlendirmeler

Sogukta muhafaza ve raf 6mrii siirecinde di goriintis (1-9 skalast) puanlar
tizerine uygulamalarin, muhafaza siiresinin ve bunlarin interaksiyonunun etkisi
6nemli (P<0.05) bulunmugtur (Cizelge 8). Meyvelerde dis goriinis tiiketici agi-
sindan oldukga 6nemli bir kalite kriteridir. Elmalarda sogukta muhafaza siirecinin
sonunda dig goriiniis puanlarinda baslangica oranla bir azalma gozlenmistir. Bas-
langicta tam puan (9.00) alan elmalar, depolamanin 6. ayinda panalistlerden ancak
ortalama 4.66 puan alabilmistir. Ancak depolamanin 6. ayinda bile NPA+1-MCP
(5.88 puan) ve sadece NPA (5.13 puan) uygulanan elmalar hala pazarlanabilir
seviyede kalabilmiglerdir. Uygulamalar arasinda da dig goriiniisiind en iyi koru-
yan NPA+1-MCP (8.06 puan) kombinasyonu olmustur. Bunu sirastyla NPA (7.70
puan), oksin (7.05 puan) ve kontrol (6.80 puan) takip etmistir. Kontrol meyveleri
depolamanin 5. ayinda bile ortalama 4.50 puan alarak pazarlanabilir puan siniri-
nin (5 puan) biraz altinda kalmigtir. NPA+1-MCP kombinasyonunun elmalarin dis
goriniisiini daha iyi korumas: daha ¢ok 1-MCP olmak tizere NPA nin da olumlu
etkisiyle agiklanabilir. Keza NPA uygulamasi oksin ve kontrol grubuna gore etilen
sentezi ve solunum hizini daha iyi baskilamugtir. Ote yandan 1-MCP'nin etilen bi-
yosentezini minimize ederek olgunlagma ve dis gériiniisii de etkileyen kalite ka-
yiplarini sinirlandirdigs bilinmektedir. Nitekim Wei ve ark. (2010) ve Tomic ve ark.
(2016), 1-MCP’nin meyve tazeligini ve duyusal ozelliklerini korumakta daha iyi
sonuglar verdigi ifade etmislerdir.

‘Golden Delicious’ elma ¢esidinde raf omrii siirecinde dig goriiniis (1-9 skalasi)
puanlari iizerine muhafaza siiresi ve uygulamalarin etkisi Cizelge 8de sunulmus-
tur. Oda kosullarinda bekletilen meyvelerde de baslangica gére dis goriiniis pu-
anlarda bariz bir azalma goriilmiistiir. Hatta sogukta muhafazaya oranla raf 6mrii
slirecinde azalma daha fazla olmustur. Sogukta muhafazada depolama sonunda
ortalama 4.66 puan alan elmalar, raf 6mrii siireci sonunda 3.72 puan almigstir. Bu
diisiisiin sebebini sicakligin artmasiyla birlikte etilen miktarinin artmasi ve meyve
olgunlagmasinin hizlanmasiyla agiklayabiliriz.
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Cizelge 8. Derim sonras: farkli uygulamalarin ‘Golden Delicious’ elma
¢esidinde sogukta muhafaza ve raf 6mri siirecinde dis goriiniis tizerine etkisi

Table 8. The effect of different postharvest treatments on external appearance
during cold storage and shelf life in ‘Golden Delicious’ apple variety

u Ms
U Ort.
0 giin 1ay Zay Jay day Say & ay
NPA+I-MCP 9.00a+0.00 9.00a+0.00 S.00a+0.00 8.a8ab+0.00 #.00a-c+0.14 6.63c-g+0.52 5.85e-ht063 8.06a
Olesin 0.00a:+0.00 0.00a:+0.00 D.00a:+0.00 7.63a-d+0.14 5.63f-ht0.25 5.25g-1+0.38 3.881:0.14 7.05h
NPA 9.00a+0.00 9.00a+0.00 S.00a+0.00 8.38abt0.25 7.25b-[£1.15 6.1 3d-hat. 14 5.13g1t0.04 7.T0a
Kontrol 9.00a+0.00 9.00a+0 00 9 .00a-+0.00 7.38a-e+0.29 5.00g-1+0.14 4 50h1+0.29 3754035 6.80b
MS Ort. 9.00a 9.00a 9.00a .06k 6.47c 5.63d A.66e
Onemlilik dereceleri
M5 U M3 U
u - - - " - MS = = = U Ort.
0 giin47 giin 1 ay+7 giin 2 ay+7 gin 3 ay+7 giin 4ay+7 gin 3 ay+7 giin 6 ay +7 gin
NPA+1-MCP 9.00a+0.00 9.00a£0.00 @.00a:+0,00 7.BBa-cx0.13 7.00cd£0.20 6.25d-g+0.25 488y 013 7.57a
Oksin 9.00a+0.00 9.00a+0.00 B.63aba0.24 6.63c-e10.63 5.50e-ht0.65 4.13h-k+0.31 3.505k+0.29 6.63c
NPA 0.00a:+0.00 0.00a:+0.00 D.00a:+0.00 7.25b-d+0.48 6.38d-10.24 5.50¢-h+0.35 3.63jk+0.24 711b
Kontrol 9.00a+0.00 9.00a+0.00 8.50ab+0.00 6.00d-g+0.35 5.130.13 A00-ket0.20 288kt0.13 6.36c
MS Ort. 9.00a 9.00a B.78a 6.94h 6.00c 497d 372
Onemlilik dereceleri
M5 U MS x U

U: Uygulama, MS: Muhafaza siiresi, 1-MCP: 1-Metilsiklopropen, NPA: 1-N-naftilfitalamik asit, Ort: Ortalamalar, **: P<0.01. Satirlardaki
ve siitunlardaki farkli harflerle gosterilen ortalamalar arasindaki farklar istatistik olarak énemlidir (P<0.05)

Tatve Aroma

Elmalarda uygulamalar ve muhafaza siiresinin sogukta muhafaza ve raf omrii
stirecinde tat ve aroma tizerine etkisi istatistik olarak énemli (P<0.05) bulunmus-
tur (Cizelge 9). Deneme baglangicinda 5.00 tam puan ile degerlendirilen elmalar 6
aylik sogukta muhafazadan sonra ortalama 3.00 (orta) puanin altinda kalarak 2.50
puan almistir. Ancak NPA+1-MCP kombinasyonu meyvenin tadini korumakta
diger uygulamalara gore daha iyi bulunmus (ortalama 4.23 puan) ve depolama so-
nunda bu uygulamanin meyveleri 3.00 (orta) puan alabilmistir. En diisiik ortalama
puani (3.91) oksin uygulamasi yapilan meyveler alirken, bunu kontrol (4.04 puan)
ve NPA (4.21 puan) takip etmistir. NPA uygulamas: tek bagina NPA+1-MCP kom-
binasyonuna ¢ok yakin puan almistir. Ancak 1-MCP etkisiyle birlikte NPA+1-M-
CP meyvenin tadimni en iyi koruyan uygulama olmustur. Nitekim Rupasinghe ve
ark. (2000) ve Both ve ark. (2018) 1-MCP’nin elmalarda olgunlasmayi tetikleyen
etilen tiretimini baskilayarak seker ve organik asitler {izerinden tad: korumakta
olumlu etkisinin oldugunu bildirmislerdir.

Oda kosullarinda depolama boyunca tiim uygulamarda meyvelerin tat puanlarin-
da azalma gozlenmistir. Yine sogukta muhafazaya gore raf émrii puanlarinda daha
fazla azalma olmustur. Sogukta muhafazanin 6. ayinda ortalama 2.50 olan puan, oda
kosullarinda 2.22 puana diigmiistiir. Uygulama ortalamalarina bakildiginda, sogukta
mubhafazaya benzer sekilde NPA+1-MCP tat ve aromay1 en iyi koruyan uygulama ol-
mustur. Bu uygulamayz sirasiyla NPA (4.13 puan), oksin (3.80 puan) ve kontrol (3.77
puan) grubu takip etmistir. Tiim uygulamalarda meyvelerin aldig1 puanlarin oda ko-
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sullarinda diisiik olmasi, sicakligin artmast ile birlikte etilen miktarinin artmasi ve
meyvenin olgunlagmasina bagl olarak meyve tadinda azalma ile agiklanabilir.

Cizelge 9. Derim sonrast farkli uygulamalarin ‘Golden Delicious’ elma gesidin-
de sogukta muhafaza boyunca tat ve aroma puanlar iizerine etkisi

Table 9. The effect of different postharvest treatments on taste and aroma during
cold storage and shelf life in ‘Golden Delicious’ apple variety

Ms

u U Ot
0 giin 1ay Zay Jay 4ay 5ay 6 ay
NPA+1-MCP 5.00+0.00 5.0040.00 5.00+0.00 4632025 3884014 330,14 3.0040.14 4.23a
Ohksin 50040.00 5.00+0.00 5.00+0.00 41340014 3504029 2634025 20340.14 391h
NPA 5.00+0.00 5.00+0.00 5.00+0.00 A.75£0.14 A.00£0.00 3.1320.00 2.63£0.25 4.21a
Kontrol 5.00+0.00 5.00+0.00 5.00+0.00 4.38£0.29 3.75+0.14 2.88x0.14 2.2540.29 4.04ab
MS Ot 5.00a 3.00a 3.00a 4.47h 3.78c 294d 2.50¢
Onemlilik dereeeleri
MS:* U: MS = U:0D
u — — — — MS — — — U O,
0 gin+7 giin 1 ay+7 gun 2 ay+7 gun 3 ay+7 gun 4 ay+7 gun 5 ay+7 gin b ay +7 gin
NPA+L-MCP 5.00+0.00 5.00+0.00 5.00+0.00 4.25+0.25 4.00+0.35 3.380.69 2.7540.32 4.20a
Ohksin 5.00+0.00 5.00+0.00 5.00+0.00 3.63+0.47 3.50+0.20 2.630.24 1.8840.13 3.80b
NPA 5.00+0.00 5.00+0.00 5.00+0.00 4.63£0.24 3631047 3.013x0.13 2.5040.29 4.13ab
Kontrol 5.00+0.00 5.00+0.00 4.88+0.13 A.00+0.00 3.25+0.43 2.50+0.29 1.7540.25 377h
MS Ort. 5.00a 5.00a 4972 4.13h 3.59h 291c 222d
Onemlilik dereceleri
MS:* Uz MS = 0D

U: Uygulama, MS: Muhafaza siiresi, 1-MCP: 1-Metilsiklopropen, NPA: 1-N-naftilfitalamik asit, OD: Onemli degil, Ort: Ortalamalar, **:
P<0.01. Satirlardaki ve stitunlardaki farkli harflerle gosterilen ortalamalar arasindaki farklar istatistik olarak 6nemlidir (P<0.05)

Patojen ve Fizyolojik Kaynakli Bozulmalar

Denemenin 3. aymdan itibaren NPA+1-MCP uygulanmis elmalarda ¢ok az
oranda Diffuse Skin Browning goriilmiistiir. Depolama boyunca bu fizyolojik
bozukluk dis goriiniis ve tat puanlarini etkilemeyecek 6lgiide seyretmistir. Hem
sogukta depolama hemde raf 6mrii siirecinde muhafaza boyunca hi¢bir uygulama-
da ciiritk meyveye rastlanmamustr.

SONUCLAR

Sogukta muhafaza ve raf 6mrii stirecinde agirlik kayb: ve TEA miktarini en iyi
koruyan uygulama NPA+1-MCP olmugtur. En fazla agirlik ve TEA kaybi kontrol
meyvelerinde saptanmistir. Sogukta depolama sirasinda SCKM miktar1 ve meyve
kabuk rengi tizerine uygulamalarin etkisi onemsiz bulunmustur. Sogukta muhafa-
za doneminde en yiiksek solunum hizi oksin uygulamasinda saptanmigtir. Duyusal
degerlendirmede sogukta muhafaza ve raf 6mri siirecinde hem dis goriiniis hem
de tat puanlar1 bakimindan en iyi sonucu NPA+1-MCP kombine uygulamas: ver-
migtir. Muhafaza boyunca hi¢bir uygulamada ¢tiritk meyveye rastlanmamustir. Bii-
tiin bu verilere dayanarak, optimum doénemde derilerek NPA+1-MCP uygulamast
yapilan ‘Golden Delicious’ elma gesidinin belirtilen kosullarda 6 ay siireyle sogukta
depolanabilecegi sonucuna varilmistir. Ancak 7 ginliik raf 6mri siireci dikkate
alindiginda sogukta depolama stiresinin 5 ay ile sinirlandirilmasi 6nerilmektedir.
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VAN KOSULLARINDA DAMLA SULAMA YONTEMI iLE
SULANAN ELMA AGACLARI iCIN TEORIK BITKi SU TUKETIMINE
DAYALI SULAMA PROGRAMININ OLUSTURULMASI

0z

Bu ¢alismada, damla sulama yontemi ile sulanacag dngoriilen elma agaglari-
nin teorik su titketimi ve sulama suyu ihtiyaglarinin belirlenerek, sulama program-
larinin olusturulmas: amaglanmstir. Calisma, uzun yillar ortalama giinliik iklim
verileri (2012 - 2020) ile 2021 ve 2022 y1ili giincel glinliik iklim verileri kullanilarak
yiriitilmistiir. Oncelikle Penman & Monteith (PM) esitligi FAO-56 modifikasyo-
nu kullanilarak elma agaglarinin biiylime mevsimi (20 Nisan - 30 Ekim) boyun-
ca giinlitk ortalama referans bitki su tiiketimi (ET)) degerleri tahmin edilmistir.
Daha sonra elma agaglarinin baglangi¢ (0.52), orta (1.00) ve son dénem (0.74) bitki
katsayilar1 (k) ile 190 giin siireli bityiime mevsiminin baglangig, gelisme, orta ve
son dénem uzunluklar: dikkate alinarak AutoCAD programi araciligiyla giinliik k
katsayisi grafigi ¢izilmistir. Giinliik ortalama ET, degerleri bu grafikten okunan k_
katsayilari ile diizeltilerek, glinlitk ortalama bitki su tiiketimi (ET)) degerleri elde
edilmigstir. Bir boyutlu su dengesi esitligi kullanilarak, etkili kok derinligi bolgesin-
deki toprak nemi diizeyinde meydana gelen giinliik degisimler belirlenmistir. Bu
bolgedeki kullanilabilir suyun %401 elma agaclar: tarafindan tiiketildiginde sula-
ma yapilacag1 ve mevcut toprak nemini tarla kapasitesine ytikseltecek miktardaki
sulama suyunun elma agaglarina verilecegi ongériillmistiir. Elma agaclarinin orta-
lama 15 giin siireli her bir sulama araligindaki ortalama su tiikketimi 72.91 mm ola-
rak belirlenmigstir. Her bir sulamada uygulanmas: gereken ortalama sulama suyu
miktari ise 65.50 mm olarak elde edilmistir. Son sulamaya kadar ortalama 679.28
mm diizeyine yiikselen mevsimlik toplam su tiiketiminin sulamada damla sulama
yontemi kullanilmast durumunda %14.70 oraninda azalarak 579.43 mm diizeyine
geriledigi goriilmiistiir. Bu bitki su tiiketimine karsilik olarak uygulanmas: gere-
ken mevsimlik toplam sulama suyu miktar: ise 523.70 mm olarak belirlenmistir.
Birincisi Haziran ay1 ortasinda ve sonuncusu ise Eyliil ay1 sonunda olmak tizere or-
talama 8 adet sulama yapilmas: gerektigi sonucuna ulagilmistir. Teorik bitki su tii-
ketimine dayali olarak elde edilen bu sonuglarin, Van ili kogullarinda elma agaglar1
i¢in yapilacak damla sulama uygulamalarinda aydinlatici olacag diisiiniilmektedir.

Anahtar Kelimeler: Bitki Su Tiiketimi, Damla Sulama, Elma, Sulama Aralig
ve Programi.

ek

https:/doi.org/10.7161/omuanajas 1431627 d



Van Kosullarinda Damla Sulama Yontemi ile Sulanan Elma...

IRRIGATION SCHEDULING BASED ON THEORETICAL CROP
WATER CONSUMPTION FOR APPLE TREES IRRIGATED
WITH DRIP IRRIGATION METHOD IN VAN CONDITIONS

ABSTRACT

This study aims to prepare irrigation schedules by determining the theoretical
crop water consumption and irrigation water requirements of apple trees that are
envisaged to be irrigated by the drip irrigation method. The study was conducted
using long-term average daily climate data (2012 — 2020) and current daily climate
data for 2021 and 2022. First of all, daily average reference crop water consump-
tion (ET)) values were estimated during the growing season of apple trees (April
20 - October 30) using the FAO-56 modification of the Penman & Monteith (PM)
equation. Then, the daily crop coefficient (k) graph was drawn via the AutoCAD
program by considering the initial (0.52), middle (1.00) and last (0.74) periods k_
coefficients of apple trees, and the lengths of the initial, development, middle and
last periods of the 190-days growing season. Daily average ET, values were cor-
rected using the k_coefficients read from this graph and daily average crop water
consumption (ET) values were obtained. Using the one-dimensional water balan-
ce equation, daily changes in the soil moisture level in the effective root depth
zone were determined. It is envisaged that irrigation will be done when 40% of
the available water in this zone is consumed by apple trees, and the amount of
irrigation water that will increase the level of current soil moisture to field capacity
will be given to the apple trees. The average crop water consumption of apple trees
in each irrigation interval with an average duration of 15 days was determined as
72.91 mm. The amount of average irrigation water to be applied in each irrigation
was obtained as 65.50 mm. It was observed that the seasonal total water consump-
tion, which reached an average of 679.28 mm until the last irrigation, decreased by
14.70% to 579.43 mm when the drip irrigation method was used in irrigation. The
total amount of seasonal irrigation water that should be applied in response to this
crop water consumption was determined as 523.70 mm. It was concluded that an
average of 8 irrigations should be made, the first one in mid-June and the last one
at the end of September. It is thought that these results obtained based on theore-
tical crop water consumption will be informative in drip irrigation applications for
apple trees in Van province conditions.

Keywords: Crop Water Consumption, Drip Irrigation, Apple, Irrigation Inter-
val and Schedule.
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1. GIRIS

Diinyada genis bir cografyada yetistiriciligi yapilan elmanin (Malus domestica
L.) gen merkezleri arasinda Tiirkiyede bulunmaktadir. Kuzey Anadolu, Karadeniz
kiy1 bolgesi ile I¢ Anadolu ve Dogu Anadolu yaylar1 arasindaki gegit bolgeleri ve
son yillarda Goller bolgesi elmanin énemli yetistiricilik alanlarini olusturmaktadir
(Anonim, 2001). Birlesmis Milletler Gida ve Tarim Orgiitii (FAO) 2020 y1li verile-
rine gore, Diinyadaki toplam elma iiretimi 4.60 milyon hektar alanda 86.64 milyon
ton olarak gerceklesmistir. Bu tiretimin %46.74’tinii Cin, %5.37’sini Amerika Birle-
sik Devletleri karsilamigtir. Tiirkiye ise yaklasik 172 bin hektar alandan gercekles-
tirilen 4.30 milyon ton {iretim ile iigiincii sirada yer almistir (FAO, 2022). Tiirkiye
Istatistik Kurumu (TUIK) 2020 yili verilerine gére, Tiirkiyede en fazla elma iireti-
mi 931 bin ton ile Isparta ilinde gerceklestirilmistir. Antalya ve Nigde illeri sirasiyla
611 bin ton ve 503 bin ton iiretim ile ikinci ve tigiincii sirada yer almiglardir. Ayni
yilin verilerine goére, Van ili 26 bin dekar alandan gergeklestirilen yaklagik 51 bin
ton iiretim ile on tigiincii sirada yer alirken, toplam iiretimin %1.42’sini karsilamis-
tir (TUIK, 2022).

Diinya elma iiretiminde 2020 yili verilerine gore ortalama verim 16.60 t ha™
diizeyindedir. Tiirkiye, hektar basina 25.00 ton iiretim ile Diinya ortalamasinin
oldukga iizerinde olmasina ragmen, dis ticarette rekabet halinde oldugu Isvigre
(59.11 t ha''), Belgika (45.70 t ha'), Fransa (32.00 t ha'), Italya (44.80 t ha') ve
Amerika Birlesik Devletleri (38.00 ton ha') gibi iilkelerin gerisinde kalmustir
(FAO, 2022). Tarimsal iiretim faaliyetlerinin tamaminda oldugu gibi elma yetis-
tiriciliginde de tiriin verim ve kalitesinin artirilabilmesi; sulama, giibreleme, bitki
hastalik ve zararlilari ile miicadele gibi tarimsal islemlerin teknigine uygun olarak
yapilmasina ve en 6nemlisi de kaliteli fidan kullanimina baglidir. Belirtilen bu is-
lemler igerisinde tek basina meyve verim ve kalitesini artirabilen en 6nemli faktor
sulamadir (Oztiirk ve ark., 2018).

Biiyiik bir boliimii kurak - yar1 kurak iklim kusaginda yer alan Tiirkiye, bilinenin
aksine su kitlig1 yasayan bir tilkedir. Tarim %70 oranla su tiiketiminin en fazla ol-
dugu sektordiir. Bu oranin neredeyse tamami sulamada kullanilmaktadir (Cakmak
ve ark., 2008). Tarim sektoriinde su kaynaklarinin en etkin kullanimi, ger¢ek za-
manli bitki su titketimine duyarli hassas sulama programlar: hazirlanarak, basingl
sulama yontemleri ile bitkinin suya ihtiyaci oldugu zamanlarda sulama yapilmasi
ve her sulamada bitkiye ihtiyac1 kadar su verilmesi ile saglanabilmektedir (Jensen
ve Allen, 2016). Ancak Tiirkiyede sulama yapilan tarim arazilerinde basingli sula-
ma yontemlerinin kullanim orani %38 ile ¢ok diisitk diizeydedir. Basingli sulama
yontemi olarak %21 oraninda yagmurlama, %17 oraninda damla sulama kullanil-
maktadir. Salma, tava ve karik sulama gibi yiizey sulama yontemlerinin kullanim
orani ise %62 diizeyindedir (Anonim, 2021). Yiizey sulama y6ntemlerinin bilingsiz
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kullanimi sonucunda su kaynaklar1 asir1 ve gereksiz bir sekilde tiiketilerek israf
edilmektedir. Asir1 sulamaya bagl olarak toprak erozyonu, taban suyu ytikselmesi,
tuzlanma ve ¢oraklagma gibi toprak kaybina neden olan ¢evresel sorunlarin yanin-
da kok bogazi ¢iirtigii ve kloroz gibi bazi bitki hastaliklari ile stirgiin kurumas: ve
meyve tutma oraninin azalmasi gibi verim ve kalite kaybina neden olan sorunlar
olusabilmektedir (Horuz ve ark., 2016). Bu nedenlerden dolay1 ekonomik degeri
yiiksek elma gibi bitkilerin sulanmasinda basingli sulama yontemleri kullaniminin
tegvik edilerek, yayginlastirilmas: ve bu yontemlerle birlikte kullanabilecek yore
iklim, bitki ve toprak o6zellikleri ile uyumlu kolay anlagilabilir ve uygulanabilir su-
lama programlarinin hazirlanarak, iireticilere sunulmasi gerekmektedir.

Sulama programlar1 basinghi sulama yontemleri ile birlikte kullanilarak, su kul-
lanim etkinliginin yaninda {riin verim ve kalitesinin de artirilabildigi ve yiiksek
oranlarda su tasarrufu saglanabildigi yapilan bir¢ok ¢aligma ile ortaya koyulmus-
tur. Koksal ve ark. (2000), Ankara kosullarinda damla ve agag altt mikro yagmur-
lama sulama yontemleri ile sulanan elma agaglarinin yiizey sulamaya gore sirasiyla
%23.00 ve %13.00 oranlarinda daha az su tiikettiklerini belirlemislerdir. Benzer
sekilde Orta ve ark. (2000), Tekirdag kosullarinda damla sulama yontemi ile sula-
nan elma agaclarinin su tiiketimi ve sulama suyu ihtiyacinin yiizey sulamaya gore
sirastyla %72.50 ve %62.70 oraninda daha az oldugunu bildirmislerdir. Thadchayi-
ni ve Thiruchelvam (2005), Srilanka kogullarinda damla sulama yontemi ile sula-
nan muz agaglarindan elde edilen verimin yiizey sulama yontemlerine gore %31.00
oraninda daha fazla oldugunu ifade etmislerdir. Salas ve ark. (2006) yiizey sulama
yontemlerinde %60.00 diizeyinde olan su uygulama randimaninin, damla sulama-
da %90.00 diizeyine ¢ikabildigini belirtmislerdir. Nalbantoglu (2014), Aydin ilinde
ylizey sulamadan damla sulamaya gegilen arazilerde %30.00’a varan oranlarda ve-
rim artis1, yabani ot olusumu ve sulama is¢iliginde ise sirasiyla %60.00 ve %80.00
oranlarinda azalma saglandigini ortaya koymustur.

Sulama programlarinin hazirlanmasinda dikkate alinmasi gereken en 6nem-
li parametre bitki etkili kok derinligi bolgesindeki toprak nemi igerigidir (Cetin,
2003). Sulama zamanini ve uygulanacak sulama suyu miktarini belirleyen bu pa-
rametrenin 6lgiilmesinde kullanilan yontemler genel olarak dogrudan ve dolayli
olmak iizere ikiye ayrilmaktadir. Toprak neminin dogrudan 6l¢iilmesi gravimetrik
esasa dayanmaktadir. Topragin baz fiziksel ve fizikokimyasal ozelliklerine bagli
olarak nem iceriginin belirlenmesinde kullanilan; elektriksel direng (al¢1-jips blok-
lar1), notron sagilimi (nétronmetre), elektromanyetik yansima frekansinin olgiil-
mesi (TDR ve FDR sensorler) ve toprak su potansiyelinin 6l¢iilmesi (tansiyometre)
yontemi dolayli yontemleri olusturmaktadir. Bu yontemlerin en 6nemli avantaji
toprak nemi igeriginin anlik olarak belirlenebilmesidir. Ayrica is¢ilik ve zamandan
yiksek oranlarda tasarruf edilmesini saglamaktadirlar (Yetik ve Agik, 2021). Su-
lama programlarinin hazirlanmasinda dikkate alinmasi gereken bir diger 6nemli
parametre de bitki etkili kok derinligi bolgesindeki kullanilabilir suyun bitki tara-
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findan titketilmesine izin verilen kismidir (R ). R , sulama yontemi ve bitkinin nem
eksikligine olan duyarliligina bagh olarak degiskenlik gostermektedir. Giingér ve
Erozel (2004); ylizey sulamada %50 - 60, yagmurlama sulamada %50, damla sula-
mada ise %30 - 40 arasinda degisen R degerlerinin kullanilmas: 6nermektedirler.
Panda ve ark. (2004), kullanilabilir suyun %45’inden fazlasinin bitki tarafindan
titketilmesine izin verilmesinin verim ve su kullanim randimani agisindan uygun
olmadigini belirtmiglerdir.

Cesitli elma agaglarinin farkli sulama yontemleri kosullar1 altindaki bitki su
titketimi ve sulama suyu ihtiyaclarinin belirlenerek, toprak nemi igerigine duyarl
sulama programlarinin hazirlanmasi amaciyla ¢ok sayida ¢aligma yapilmustir
(Giingor ve Kanburoglu, 1978; Giinbatili ve Demirdren, 1980; Kivang, 1991;
Koksal ve ark., 2000; Orta ve ark., 2000; Cay ve ark., 2009; Dasc1 ve ark., 2016;
Karamiirsel ve ark., 2017; Kigiikyumuk ve ark., 2020). Toprak nemi igeriginin
olgtilmesinde ¢ogunlukla dolayli 6l¢me yontemlerinin kullanildig1 bu ¢aligmalarda
yiizey sulama, damla sulama ve aga¢ alt1 mikro yagmurlama sulama yontemi ile
sulanan cesitli elma agaglarinin etkili kok derinligindeki kullanilabilir suyun bitki
tarafindan tiiketilmesine izin verilen kismi (R = 0.30 — 0.60) bitki tarafindan tiike-
tildiginde, toprak nemini tarla kapasitesine yiikseltecek miktarlarda sulama suyu
uygulanmustir. Elma agaci gesidi, sulama y6ntemi ve sulama mevsimi uzunlugu ile
yore iklim ve toprak ozelliklerine bagh olarak 259.60 — 920.00 mm arasinda degi-
sen mevsimlik toplam su tiiketimi ve 286.00 - 547.00 mm arasinda degerler alan
mevsimlik toplam sulama suyu miktarlar: elde edilmistir.

Toprak nemi igeriginin élgiilmesinde kullanilan gravimetrik yontemde bitki-
nin yetisme donemi boyunca farkli zaman araliklarinda ¢ok fazla sayida toprak
orneklerinin alinmast toprak profilinde tahribata yol agarak, biiyiik boyutlu goze-
neklerin olugmasina ve dolayisiyla nem rejiminin degismesine neden olabilmekte-
dir. Bu yontemin bir diger dezavantaji da nem igeriginin anlik olarak 6l¢iilememe-
sidir. Toprak nemi, laboratuvarda toprak 6rnekleri iizerinde yapilan en az bir giin
siireli testler sonucunda belirlenebilmektedir. Gravimetrik yontemin en énemli
dezavantaji ise yliksek diizeyde is¢ilik ve zaman kullanimi gerektirmesidir (Kirnak
ve ark., 2022). Dolayli toprak nemi icerigi 6l¢cme yontemlerinde kullanilan tansiyo-
metre ve nétronmetre gibi cihazlarin insan saghigina tehdit olusturabilecek unsur-
lar barindirmasi, maliyetlerinin yiiksek olmasi, ekonomik kullanim émiirlerinin
sinirli olmasi ve en 6nemlisi de kullanilacaklar1 her kosul i¢in kalibrasyona ihtiyag
duymalar1 kullanimlarini kisitlamaktadir (Yetik ve Asik, 2021). Ayrica, bitki etkili
kok derinligi bolgesindeki toprak nemi igeriginin ¢ok kisa mesafelerde degiskenlik
gostermesi ve yapilan dl¢timlerin tiim toprak profilini temsil etmemesi gibi so-
runlarla da karsilagilmaktadir. Bu nedenlerden dolayi, toprak nemi igerigindeki
degisime dayali bitki su tiiketimi yerine iklim parametrelerine dayal: olarak ¢esitli
ampirik yontemlerle tahmin edilen bitki su tiiketimi (ET)) degerlerinin kullanil-
mast uygulamada daha ¢ok tercih edilmektedir (Karaca ve ark., 2017).
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ET tahminlerinde referans ¢im bitkisi i¢in belirlenen ET, degerlerinin k_Kkat-
sayilari ile diizeltilmesi yaklagimi yaygin olarak kullanilmaktadir. Bu yaklasimda
ET, egemen iklimsel kosullarda yetisen ve yeterli diizeyde sulanan, toprag: ta-
mamen golgeleyen ve 70 s m™* yiizey direncine sahip olan 12 cm yiiksekligindeki
¢im bitkisinden yansimanin 0.23 oldugu sartlarda gerceklesen maksimum bitki su
tiiketimini ifade etmektedir. k_ise bitkinin fizyolojisini, ortii derecesini ve yetisti-
rildigi yoreyi yansitan bir katsayidir (Aydingakir ve ark., 2003). Giinimiizde ET,
tahminlerinde en ¢ok tercih edilen ampirik yontemlerin basinda Penman & Mon-
teith (PM) gelmektedir. Temelleri 1948 yilinda atilan bu yontem, FAO tarafindan
1998 yilinda referans ¢im bitkisine uyarlanmis ve 56 sayili Sulama — Drenaj yayini
ile PM esitligi FAO-56 modifikasyonu ad1 altinda kullanima sunulmustur (Allen ve
ark., 1998). Bu yontem ile gergege en yakin ET, degerleri tahmin edilebildigi bir¢ok
caligma ile ortaya koyulmustur (Jacobs ve ark., 2004; Trajkovi¢ ve Goci¢, 2010).

Diger meyve agaglarinda oldugu gibi elma agaclarinin da bitki su tiiketimi, su-
lama suyu ihtiyac1 ve sulama aralig1 iklim ve toprak 6zelliklerine, sulamada kul-
lanilan yonteme ve elma gesidine bagli olarak degismektedir. Bu nedenle yetisti-
rilecekleri yore kosullari ile uyumlu sulama programlarina ihtiyag duyulmaktadir.
Tiirkiye elma tiretimine olan katkis1 her gegen giin daha da artan Van ilinin iklim ve
cevre Ozellikleri dikkate alinarak gerceklestirilen bu ¢alismada, damla sulama yon-
temi ile sulanacag1 6ngoriilen elma agaglarinin teorik bitki su tiiketimi ve sulama
suyu ihtiyaglarinin belirlenerek, sulama programlarinin hazirlanmast amaglamugtir.

2. MATERYAL VE YONTEM

Dogu Anadolu Bolgesinin Yukar1 Murat — Van Boliimi'ndeki Van Go6li kapalt
havzasi igerisinde yer alan Van ili, cografi konum olarak 37° 43’ - 39° 26 kuzey
enlemleri ile 42° 40" - 44° 30’ dogu boylamlar1 arasinda bulunmaktadir. ilin rakimi
1726 m olup, yillik ortalama gitinliik hava sicaklig1 9.50 °C ve nem orani %58.67
diizeyindedir. Yillik ortalama 7.90 saat giin' gilineslenme stiresi ve 15.32 MJ m™
giin solar radyasyon yogunlugu ile Tiirkiye'nin en fazla giines alan illeri arasin-
dadir. Yallik toplam 392.70 mm diizeyindeki yagis miktari ile yar1 kurak - kurak
iklim kusaginda yer alan Van ili genelinde karasal iklim egemen olup, ilin Van
Goli kiyisindaki bolimlerinde yarr kurak — nemli arasi iklim ozellikleri goriil-
mektedir. Giinliik ortalama hava sicakliginin 24.00 - 28.50 °C araliginda degistigi
Haziran, Temmuz ve Agustos aylarinda yags iyice azalmaktadir. Glinlik bitki su
titketiminin yagistan daha yiiksek diizeylerde gerceklestigi bu aylarda aylik toplam
5.80 - 18.40 mm arasinda degisen yags, bitki su tiiketimini karsilamada yetersiz
kalmakta ve bitkilerin kurakliktan zarar gormemesi i¢in sulama yapilmasi zorunlu
hale gelmektedir (DM, 2023).

Van ili kogullarinda yetistirilecegi 6ngériilen elma agaglarinin bityiime mevsi-
mi uzunlugu olarak 20 Nisan ile 30 Ekim tarihleri arasindaki 190 gtinliik siire dik-
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kate alinmigtir (TAGEM, 2022). Elmanin giinliik bitki su titketiminin belirlenerek,
sulama programinin hazirlanabilmesi amaciyla giinliik ortalama hava sicaklig: (T),
oransal nem (RH), riizgar hiz1 (U,) ve solar radyasyon (R ) verilerinin 2012 - 2020
yillar1 arasinda 6l¢tilen dokuz yillik ortalama degerleri ile 2021 ve 2022 yillarinda
olgiilen giincel degerleri kullanilmigtir (Sekil 1). Sulama suyu miktarinin belirlen-
mesinde ihtiya¢ duyulan gtinliik yagis (P) miktarlarinin degisim araligy, yagish ge-
cen giin sayis1 ve aylik toplam yagis miktarlar1 Cizelge 1'de verilmistir (DMI, 2023).

T

RH (%)

Uyims")

)

R, (MJ m? iy

Sekil 1. Giinliik ortalama hava sicakligy, oransal nem, riizgar

Figure 1. Daily average air temperature, relative humidity,
wind velocity and solar radiation data

hiz1 ve solar radyasyon verileri

Cizelge 1. Glinliik ve aylik toplam yagis miktarlar:

Table 1. Daily and monthly total precipitation amounts

Yagish Giin Sayist Giinliik Yagis Degisim Araligi (mm) Aylik Toplam Yagis (mm)
Alar 2012-2020 2021 2022 2012 -2020 2021 2022 2012-2020 2021 2022
Nisan 10 5 6 1.30-1.60 0.25-1.02  0.25-1.02 31.80 253 331
Mayis 9 8 13 2.00-5.00 0.25-12.95  0.51-14.73 38.90 22.10  58.67
Haziran 5 1 4 2.00-2.50 0.25 0.51-3.81 12.00 025  6.35
Temmuz 4 3 0 1.00-1.50 0.25-4.06 0 6.00 4.56 0
Agustos 4 3 0 1.00-1.50 0.25-1.02 0 5.00 1.52 0
Eyliil 3 2 0 1.50-7.00 0.51-8.38 0 13.00 9.09 0
Ekim 8 6 5 4.00-6.50 0.28-24.38  0.25-24.64 43.00 57.94  39.62
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Oncelikle FAO-56 PM esitligi kullanilarak, giinliik ortalama ET, degerleri tah-
min edilmistir (Esitlik 1). Bu esitligin bilesenlerinin hesaplanmasinda FAO tarafin-
dan hazirlanan 56 sayili Sulama ve Drenaj yayinindan faydalanilmistir. Daha sonra
giinliik ortalama ET, degerleri k_katsayilari ile diizeltilerek, elma agaglarinin giinliik
ortalama bitki su tiiketimi degerleri belirlenmistir (Esitlik 2) (Allen ve ark., 1998).

. G0
Tn:u.ﬂ.uan(un-{.] + ¥ () Uz feg - 5) 1)
A+ y(l+034Uy)
ET.= ET, k. @)

Esitliklerde; ET, referans bitki su tiiketimi (mm giin"); A, buhar basinci eg-
risinin egimi (kPa °C"); R , net radyasyon (M] m? giin"'); G, topraktaki 1s1 akis
(M]J m™ giin™); y, psikometrik sabite (kPa °C"); e , doygun buhar basinci (kPa); e ,
gergek buhar basinci (kPa); U, zeminden 2 m yiikseklikte dl¢iilen riizgar hizi (m
s7); T, ortalama hava sicakhigi (°C); ET, bitki su tiiketimi (mm giin") ve k,, bitki
katsayisini ifade etmektedir.

FAO-56 PM esitligi ile tahmin edilen giinliikk ortalama ET, ve ET. degerleri,
giivenilir bir referans olarak “Tiirkiyede Sulanan Bitkilerin Bitki Su Tiiketimleri”
rehberinde Van ili i¢in verilen ayni degerlerle karsilagtirilmistir (TAGEM, 2022).
On giinliik donemler igin yapilan bu kargilastirmada, ortalama mutlak goreceli
hata oran1 (MAPE) istatistiksel yaklasimindan faydalanilmistir (Esitlik 3). FAO-56
PM ile tahmin edilen ET ve ET degerlerinin dogruluk diizeyleri; MAPE < %10 ise
“cok iyi’, %10 < MAPE < %20 ise “iyi’, %20 < MAPE < %50 ise “kabul edilebilir”,
MAPE > %50 ise “uyumsuz” olarak degerlendirilmistir (Maiseli, 2019).

MAPE = — 7, ('“x—'” mﬂ) 3)

Esitlikte; MAPE, ortalama mutlak goreceli hata orani (%); X, “Tiirkiyede Su-
lanan Bitkilerin Bitki Su Tiiketimleri” rehberinde Van ili igin verilen on giinlitk
ortalama ET, ve ET_ degerleri (mm giin"); Y, FAO-56 PM esitligi kullanilarak Van
ili i¢in tahmin edilen on giinliik ortalama ET, degerleri ile elma agaglari igin tah-
min edilen on giinliik ortalama ET, degerleri (mm giin™) ve n, gézlem say1sin1 (190
glin) ifade etmektedir.

Calisma kapsaminda elma agaglarimin damla sulama yontemiyle sulanacagi
ongorilmistiir. ET. tahmin esitlikleri ¢ogunlukla bitki kok bolgesindeki toprak
ylizey alaninin tamamuinin 1slatildig1 yilizey sulama yontemleri igin gelistirilmistir.
Damla sulamada ise toprak yiizey alaninin belirli bir kesimi 1slatilmaktadir. Belirli
bir kesimi ise kuru kalmaktadir. Boylece toprak yiizeyinden gerceklesen buharlas-
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ma (evaporasyon) ve dolayisiyla ET yiizey sulama yéntemlerine gore daha diisiik
olmaktadir (Goldberg ve ark., 1976). Bununla birlikte meyve agaglarinin tag yap-
sindan kaynaklanan gélgelenme faktorti buharlagmayi azaltmaktadir. Dolayisiyla,
ET olarak sadece bitki yaprak ylizeylerinden gergeklesen terleme (transpirasyon)
kayiplar1 dikkate aliabilmektedir (Klocke ve ark., 1990). Bu dogrultuda Esitlik
(1) ve Esitlik (2) kullanilarak elma i¢in tahmin edilen giinliik ET, degerleri, Esitlik
(4) ile duzeltilerek damla sulama kosullarindaki giinliik bitki su tiketimi (T") de-
gerleri belirlenmistir. Hesaplamalarda gélgelenen alan yiizdesi (P), %72.50 olarak
alinmigtir (Yildirim, 2008).

- (4)

Bitki katsayis1 (k) bitki biiylime mevsiminin baslangig, orta ve son donem-
lerinde degiskenlik gostermektedir. Bu dogrultuda “Tiirkiyede Sulanan Bitkilerin
Bitki Su Tiiketimleri” rehberinden elmanin baslangig, orta ve son dénem katsayi-
lar1 olarak sirasiyla 0.52 (kcibmanglq), 1.00 (k) ve 0.74 (k_ ) degerleri alinmigtir
(TAGEM, 2022). Ayni rehberden baslangig, gelisme, orta ve son donem uzunluk-
lar1 sirasiyla 20 giin, 60 giin, 80 giin ve 30 giin olarak alinip, AutoCAD programi
aracilig ile lgekli bir sekilde k_katsayisi grafigi ¢izilmistir (Allen ve ark., 1998;
Giingor ve Erdzel, 2004). Bu grafikten okunan giinliik katsayilarin on giinliik orta-
lamalar1 kullanilarak, giinliik ortalama ET ve T" degerleri belirlenmistir

Toprak nemine duyarli sulama programinin hazirlanmasinda Van Yiiziincii
Yil Universitesi kampiis alan1 toprak dzellikleri dikkate alinmistir. Bu dogrultuda
elma agaglarinin etkili kok derinligi (90 cm) goz oniinde bulundurularak (Tan,
1990), Ziraat Fakiiltesi uygulama bahgesinde kazilan 90 cm derinligindeki toprak
profilinin 0-30 cm, 30-60 cm, 60-90 cm katmanlarindan bozulmus ve bozulmamis
toprak ornekleri alinmistir. Munsuz (1985) ve Yildirim (2008) tarafindan 6nerilen
yontemler kullanilarak her bir katmanin tane dagilimi, blinye sinufy, tarla kapasite-
si, solma noktasi ve hacim agirlig belirlenmistir (Cizelge 2).

Cizelge 2. Van Yiiziincii Yil Universitesi kampiis alan1 topraginin baz fiziksel
ozellikleri

Table 2. Some physical properties of the soil of Van Yiiziincii Yil University campus area

. Tane Dagilimi (%) . Tarla Solma Hacim
Derinlik Biinye . Lo
(cm) ) . Sunif Kapasitesi ~ Noktas1 Agirhig
cm i i nifl
Kum Silt Kil (%) (%) (g cm?)
0-30 47.40 26.30 26.30 SCL 30.60 18.50 1.35
30-60 46.70 25.40 27.90 SCL 31.70 18.12 1.42
60-90 48.00 25.80 26.20 SCL 31.20 18.00 1.30
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Calisma kapsaminda bitki etkili kok derinligi bolgesindeki kullanilabilir su
tutma kapasitesinin %407 tiiketildiginde sulama yapilacagi ongorilmistir. Bu
dogrultuda Esitlik (5-8) kullanilarak sulamaya baglanacak toprak nemi diizeyi
belirlenmistir. Hesaplamalar, Cizelge 2de fiziksel 6zellikleri verilen 30 cm yiik-
sekligindeki ti¢ katman i¢in ayr1 ayri yapilarak, elde edilen sonuglar toplanmigtir
(Glingor ve Erozel, 2004).

drg=—5 — (5)
dgy = ]’w;}: ‘;‘ D ©
dy = dyy - dsy )
SBND = dyy - (di.R,) (8)

Esitliklerde; Pw.,,, agirhik yiizdesi cinsinden tarla kapasitesi (%); Pw, agirlik
yiizdesi cinsinden solma noktasi (%); d_, derinlik cinsinden tarla kapasitesi (mm);
d,,, derinlik cinsinden solma noktas1 (mm); y,, topragin hacim agirligi (g cm?); D,
1slatilacak toprak derinligi (mm); d, kullanilabilir su tutma kapasitesi (mm); R
kullanilabilir su tutma kapasitesinin tiiketilmesine izin verilen orani (%) ve SBND,
sulamaya baglanacak kritik toprak nemi diizeyini (mm) ifade etmektedir.

Bir giinliik stireler i¢in bir boyutlu su dengesi esitligi yazilarak (Esitlik 9), elma-
nin bityiime mevsimi uzunlugu boyunca etkili kok derinligi bolgesindeki toprak
nemi diizeyinde meydana gelen giinliik degisimler belirlenmistir (Young ve ark.,
1996). Giinliik diizeyde yapilan bu hesaplamalarda Microsoft Office Excel progra-
mindan faydalanilmistir. Sulama programinin hazirlanmasina toprak nemi diize-
yinin tarla kapasitesinde oldugu kabul edilerek baslanilmistir. Toprak nemi diizeyi
SBND altina diistiigtinde, bu nem diizeyini tekrardan tarla kapasitesine yiikselte-
cek miktarda sulama suyu uygulanacagi 6ngoriilmistiir. Hesaplamalarda iki sula-
ma arasindaki siire bir sulama aralig1 olarak kabul edilmistir.

Wi +1+P+C -D, - T-R =W, 9)

Esitlikte; W, ve W__, sirastyla bir giinliik siirenin bagindaki ve sonundaki top-
rak nemi diizeyleri (mm); I, bir giinliik stirede uygulanmasi gereken sulama suyu
miktar1 (mm); P, bir giinliik siirede gerceklesen yagis miktar1 (mm); C,, bir giinlitk
stirede kapiller yiikselme ile etkili kok derinligi bolgesine giren su miktar: (mm);
Dp, bir giinliik siirede etkili kok bolgesinin altina sizan su miktart (mm); T, elma
agaclarinin damla sulama kosullarindaki giinliik bitki su tiiketimi (mm) ve R, bir
glinliik stirede gerceklesen yiizey akis miktaridir (mm).
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Van ili kogullarinda 2.20 - 13.40 m araliginda degisen yeralti suyu seviye-
si (YASS), il merkezinin giineyi ve Van Goli kiyr seridine yaklagildik¢a yiizeye
yaklasirken, il merkezi ve yakin civarlarinda daha derinlerde bulunmaktadir
(Yaman, 2013). YASS, sulama programinin hazirlandig: Nisan - Ekim dénemi bo-
yunca etkili kok derinliginin (90 cm) ¢ok altinda oldugundan C_ihmal edilmistir.
Damla sulamada yiizey sulama yontemlerine gore daha kontrollii sulama yapilarak
R ve D_kayiplari en aza indirilebilmekte ve %95e ulasan sulama randimani sagla-
nabilmektedir (Westarp ve ark. 2003). Ayrica topragin infiltrasyon hizindan daha
diisiik debiye sahip damlaticilar kullanilarak, suyun toprak yiizeyinde birikerek
gollenmesi ve ylizey akisa ge¢mesi onlenebilmektedir. Bu nedenle R, ve D kayipla-
r1 ihmal edilmistir (Al Ali ve ark., 2018).

3. BULGULAR VE TARTISMA

Iki y1l tekerriirlii olarak yiiriitiilen ¢calismada, 6ncelikle toprak nemi sabitleri-
nin derinlik cinsinden degerleri belirlenerek Cizelge 3'de verilmistir. Daha son-
ra k_katsayisi grafigi ¢izilmis ve bu grafikten okunan giinliik katsayilarinin on
giinlitk ve aylik ortalama degerleri hesaplanarak Sekil 2°de verilmistir. Elmanin
giinliik ortalama ET ve T" miktarlarinin belirlenmesinde on giinliik ortalama k_
katsayilar: kullanilmistir.

Cizelge 3. Toprak nemi sabitlerinin etkili kok derinligi bolgesi boyunca degisimi

Table 3. Change of soil moisture constants along effective root zone depth

Derinlik Y, d dg, d, d.R SBND
(cm) (g cm™) (mm) (mm) (mm) (mm) (mm)
0-30 1.35 123.93 74.93 49.00 19.60 104.33
30-60 1.42 135.04 77.19 57.85 23.14 111.90
60-90 1.30 121.68 70.20 51.48 20.59 101.09
0-90 - 380.65 222.32 158.33 63.33 317.32

Orta ve ark. (2020) Tekirdag kosullarinda elma agaglarinin Mayis, Haziran,
Temmuz, Agustos ve Eyliil ay1 ortalama k_katsayilarini sirasiyla 0.88, 0.93, 0.93,
0.88 ve 0.85 olarak belirlemislerdir. Koksal ve ark. (2000) ise Ankara kosullarinda
radyasyon FAO yontemini kullanarak ayni aylar igin sirastyla 0.72, 0.80, 0.87, 0.97
ve 0.95 katsayilarini elde etmislerdir. Benzer sekilde Doorenbos ve Pruitt (1977)
ayni aylar icin sirastyla 0.55, 0.80, 0.95, 0.95 ve 0.90 katsayilarini 6nermislerdir. Bu
caligmalar kapsaminda belirlenen aylik ortalama katsayilar ile Van ili kosullarinda
ayni aylar icin elde edilen katsayilar genel olarak benzerlik gostermistir (Sekil 2).
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On giinlitk ortalama bitki katsayilar1

140 m i : ] Dénem k: |Dénem ke

120 i 20 Nisan — 29 Nisan 0.52(29 Temmuz - 07 Agustos|1.00

‘ ke orta 30 Nisan - 09 Mayss 0.53|08 Agustos— 17 Agustos |1.00

1.00 - 10 May1s - 19 May1s 0.57|18 Agustos—27 Agustos (1.00

20 Mayis — 29 Mayis 0.63|28 Agustos — 06 Eylil 1.00

0.80 30 Mayis — 08 Haziran 0.72{07 Eylal - 16 Eylal 1.00

09 Haziran - 18 Haziran |0.79|17 Eyliil - 26 Eylil 0.99

0.60 15 Haziran — 28 Haziran |0.86|27 Eylal — 06 Ekim 0.55

29 Haziran - 08 Temmuz |0.93|07 Ekim — 16 Ekim 0.90

040 09 Temmuz — 18 Temmuz |0.98| 17 Ekim — 30 Ekim 0.80

0.20 19 Temmuz — 28 Temmuz |1.00

H H Aylik ortalama bitki katsayilary

0. Bajlangic ! Gelisme donemi H Orta dnem : Sondsnem [ Nisan | Mayss |Haziran| Temmuz| Agustos| Eylul | Ekim |

20 Nisan 10 Mayss 11 Temmuz 30Eylil  30Ekim [0.52[058] 081 [ 098 | 1.00 [0.5 | 0.6 |

Sekil 2. Van kosullarinda yetistirilen elma agaglarinin bitki katsayis: grafigi

Figure 2. Crop coefficient graph of apple trees grown in Van conditions

Uzun yillar ortalama giinliik iklim verileri (2012 - 2020) ile 2021 ve 2022 yili
giincel giinliik iklim verileri kullanilarak belirlenen ET, ET ve T" degerlerinin
giinliik ortalamalar: ile elmanin gelisme donemlerinde gerceklesen toplam bit-
ki su tiiketimi degerleri $ekil 3de verilmistir. Uzun yillar ortalama iklim verileri
kullanilarak belirlenen giinliik ortalama ET, degerleri 1.59 mm giin™ ile 6.90 mm
glin arasinda degismistir. Donemlik ortalama deger ise 4.41 mm giin' olarak elde
edilmistir. Benzer sekilde giincel 2021 ve 2022 yili iklim verileri ile tahmin edilen
giinliik ET degerleri ise sirastyla 1.76 - 7.52 mm giin™' ve 1.38 — 9.08 mm giin™' ara-
sinda degismistir. Donemlik ortalama degerler sirasiyla 4.41 mm giin' ve 4.94 mm
giin™ olarak belirlenmistir. Uzun yillar ortalama iklim verileri kullanilarak sirasiyla
1.24 - 6.90 mm giin™' ve 1.02 - 5.69 mm giin' arasinda degisen giinliik ortalama
ET ve T" degerleri elde edilmistir. Dénemlik ortalama degerler ise sirasiyla 3.88
mm giin™' ve 3.20 mm giin™' olarak belirlenmistir. Benzer sekilde 2021 yili giinliik
ortalama ET ve T" degerleri sirasiyla 0.92 - 7.52 mm giin' ve 0.78 - 6.41 mm giin™'
arasinda degerler almistir. Donemlik ortalama degerleri ise sirastyla 3.86 mm giin™!
ve 3.29 mm giin™ olarak gerceklesmistir. Ayn1 degerler, 2022 yil1 igin sirastyla 1.10
- 7.84 mm giin' ve 0.94 - 6.69 mm gilin' arasinda degismistir. Donemlik ortalama
degerler ise sirastyla 4.28 mm giin' ve 3.66 mm giin™' olarak belirlenmistir (Sekil 3).
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Sekil 3. Giinliik ortalama bitki su tiiketimi ve gelisme
donemlerindeki toplam bitki su tiiketimi degerleri

Figure 3. Daily average crop water consumption and total
crop water consumption values of growth periods

Tomurcuklarinin agmast ile baslayarak yapraklarin belirginlesmesi ile son bu-
lan baslangi¢c donemi i¢in damla sulama kosullarinda hesaplanan toplam bitki su
titketimi (XT"), 2012 - 2020 yillar1 arasindaki siireg i¢in 27.49 mm, 2021 ve 2022
yillari igin ise sirastyla 28.29 mm ve 33.15 mm olarak belirlenmistir. En disiik su
titketiminin gerceklestigi bu dénem igin giinlik ortalama T sirasiyla 1.38 mm
giin? 1.35 mm giin" ve 1.58 mm giin" olarak elde edilmistir. Yapraklarin hizla
gelismeye basladig gelisme déneminde XT* artarak 2012 - 2020 yillar1 arasinda-
ki stireg igin 185.51 mm, 2021 yili i¢in 197.45 mm ve 2022 yil igin 238.18 mm
diizeyine yiikselmistir. Glinliik ortalama T" ise sirasiyla 3.09 mm giin, 3.19 mm
giin! ve 3.84 mm giin"' olarak belirlenmistir. Elma agaclarin ¢igeklenerek meyve
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vermeye bagladiklar: orta donemde XT" artarak en yiiksek diizeye ulasmistir. Bu
donemde 2012 - 2020 yillar: arasindaki siireg icin 350.69 mm, 2021 yili i¢in 350.18
mm ve 2022 yil1 i¢in 374.43 mm XT" degerleri elde edilmistir. Giinliik ortalama T
ise sirasiyla 4.38 mm giin™, 4.32 mm giin' ve 4.62 mm giin" olarak belirlenmistir.
Hasadin yapildig1 son donemde £T" azalarak 2012 - 2020 yillar1 arasindaki siire¢
i¢in 56.09 mm, 2021 y1li i¢in 62.20 mm ve 2022 yil1 i¢in 63.22 mm diizeyine gerile-
mistir. Giinliik ortalama T" degerleri ise sirasiyla 1.87 mm giin?, 2.07 mm giin ve
2.11 mm giin™' olarak belirlenmistir (Sekil 3).

Sulama programlarinin hazirlanmasinda kullanilan giinliik ortalama ET, ve
ET degerlerinin dogruluk diizeylerini test etmek amaciyla, bu degerlerin on giin-
lik dénemler i¢in ortalamalar: belirlenmis ve “Tiirkiyede Sulanan Bitkilerin Bitki
Su Tiiketimleri” rehberinde Van ili i¢in verilen ayni degerlerle karsilastirilmistir
(Gizelge 4). Her bir aym on giinliik i¢ dénemi (I, II, III) i¢in belirlenen ET, de-
gerlerinin, rehberde verilen ET, degerlerinden olan sapmalarinin bir ifadesi olarak
MAPE; 2012 - 2020 yillar1 arasindaki siireg icin %9.61, 2021 yili igin %10.70, 2022
yiliigin %14.05 ve ortalama %11.45 olarak belirlenmistir. On giinliik ortalama ET.
degerleri igin elde edilen MAPE degerleri ise sirasiyla %8.35, %9.09, %16.42 ve
ortalama %11.29 olarak belirlenmistir. FAO-56 PM esitligi ile tahmin edilen ET,
degerleri ile bu degerlerin k_katsayilariyla diizeltilmesi sonucunda elde edilen ET,
degerlerinin iyi diizeyde (MAPE < %20) dogruluga sahip oldugunu goriilmiistiir.

Giinliik ortalama ET, ET. ve T" degerlerinin aylik ortalamalar1 Cizelge 5de
verilmistir. Temmuz ayinda en yiiksek diizeye ulagsan aylik ortalama ET, degeri,
Nisan ve Ekim aylarinda azalarak en diisiik diizeylere gerilemistir. Temmuz ay1 or-
talama ET, degeri 2012 - 2020 yillar1 arasindaki siireg i¢in 5.87 mm giin™, 2021 ve
2022 yillar1 igin ise sirastyla 5.77 mm giin™' ve 6.26 mm giin™' olarak belirlenmistir.
En diisiik aylik ortalama ET, degerleri 2012 — 2020 yillar: arasinda ve 2021 yilinda
sirastyla 2.59 mm giin' ve 2.65 mm giin' degerleri ile Nisan ayinda, 2022 yilinda
ise 2.80 mm giin™' degeri ile Ekim ayinda gerceklesmistir. Benzer sekilde en yiiksek
aylik ortalama ET, ve T" degerleri 2012 - 2020 yillar1 arasinda 5.74 mm giin" ve
4.90 mm giin', 2021 yilinda 5.63 mm giin' ve 4.81 mm giin"', 2022 yilinda 6.09
mm giin' ve 5.20 mm giin' degerleri ile Temmuz ayinda elde edilmistir. En diigiik
aylik ortalama ET ve T" degerleri ise 2012 - 2020 yillar1 arasinda 1.46 mm giin™'
ve 1.25 mm giin’', 2021 yilinda 1.38 mm giin' ve 1.18 mm giin™, 2022 yilinda 2.02
mm giin"' ve 1.72 mm giin™' degerleri ile Nisan ayinda gerceklesmistir.
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Cizelge 4. On giinliik ortalama bitki su tiiketimi degerleri

Table 4. Ten-day average crop water consumption values

ET, (mm giin™) ET (mm giin™)
TAGEM  2012-2020 2021 2022 TAGEM 2012-2020 2021 2022

Aylar Doénem

Nisan 11 34.00 30.82 29.12  42.59 14.00 16.06 1517  22.18
I 37.00 32.39 33.76 31.23 19.00 17.30 1799  16.69

Mayis 11 41.00 34.40 3445 4747 22.00 19.83 19.87  27.32
III 51.00 43.88 5042 61.37 32.00 28.44 3242 39.62

I 53.00 44.63 49.21 5833 37.00 32.81 36.27 42.84

Haziran 1I 54.00 49.37 53.73  60.02 42.00 39.78 4326  48.46
I 57.00 53.16 47.67  59.56 49.00 46.49 41.67 52.16

I 59.00 55.75 56.26  66.88 55.00 52.41 5291 62.78

Temmuz 1I 60.00 57.82 55.48 58.40 59.00 56.91 5459 57.46
1T 65.00 68.49 67.14 68.63 64.00 68.49 67.14  68.64

I 57.00 57.60 60.98 63.61 56.00 57.60 60.98  63.61

Agustos 1I 55.00 56.56 52.03 58.44 54.00 56.56 52.03  58.44
1T 55.00 61.80 49.08 61.68 55.00 61.80 49.08 61.68

I 46.00 50.48 49.52  52.28 46.00 50.48 49.52  52.28

Eylul 1I 39.00 43.57 43.67 4391 39.00 43.41 43.50  43.75
I 34.00 36.63 39.76  40.19 34.00 35.72 38.76  39.17

I 27.00 32.77 3596 37.01 26.00 30.48 33.57 34.58

Ekim 1I 22.00 25.64 25.09 2843 20.00 22.12 21.60  24.63
I 19.00 19.34 22.19 18.63 15.00 15.47 17.75  14.90

Cizelge 5. Aylik ortalama giinliik bitki su tilketimi degerleri (mm giin™')

Table 5. Monthly average daily crop water consumption values (mm day™)

Avtar 2012 - 2020 2021 2022

ET,  ET T ET, EI. T  ET, ET T
Nisan 280 146 125 265 138 118 387 202 172
Mayis 3.57 2.12 1.81 3.83 2.27 1.93 4.52 2.70 2.30
Haziran 4.91 3.97 3.39 5.02 4.04 3.45 5.93 4.78 4.08
Temmuz 587 574 490 577 563 481 626 609 520
Agustos 568 568 485 523 523 446 593 593 506
Eyliil 436 432 369 443 439 375 455 451 384
Ekim 2.59 2.27 1.94 2.77 2.43 2.07 2.80 2.47 2.11

Ortalama 4.41 3.88 3.31 4.41 3.86 3.29 4.94 4.28 3.66
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Aylik ortalama bitki su tiiketimi degerlerinde oldugu gibi, en yiiksek ve en dii-
stik aylik toplam bitki su tiiketimi degerleri sirasiyla Temmuz ve Nisan aylarinda
elde edilmistir (Cizelge 6). Elma aga¢larinin hasada kadar mevsimlik toplam bitki
su tilketimi 2012 - 2020 yillar1 arasindaki siire¢ i¢in 752.15 mm, 2021 ve 2022
yillari i¢in ise sirasiyla 748.09 mm ve 831.14 mm olarak belirlenmistir. Sulamada
damla sulama yontemi kullanilmas: durumunda, mevsimlik toplam bitki su tiike-
timinin %14.70 oraninda azalarak sirastyla 641.58 mm, 638.12 mm ve 708.96 mm
diizeylerine geriledigi gorillmustiir.

Cizelge 6. Aylik toplam bitki su tiiketimi degerleri (mm ay)

Table 6. Monthly total crop water consumption values (mm month)

2012 - 2020 2021 2022
Aylar
ET, ET, T ET, ET, T ET, ET, T

Nisan 30.82 16.06 13.70 29.12 1517 1294 4259 2218 1892
Mayis 110.67 65.57 55.93 118.64 70.28 59.95 140.07 83.62 71.33
Haziran 147.16 119.08  101.58 150.62  121.20 103.39 17790 143.45 122.37
Temmuz  182.06  177.81 151.67 178.89 174.65 14897 19391 188.87 161.10
Agustos 17596 17596  150.09  162.09 162.09 13826 183.72 183.72 156.71
Eyliil 130.68  129.61 11056 13295 13179 11242 13638 13519 115.32
Ekim 77.74 68.07 58.06 83.23 7292 6220 84.071 7411  63.22
Toplam 855.09 752.15  641.58  855.53  748.09 638.12 958.64 831.14 708.96

Damla sulama y6ntemi ile sulanacag: 6ngériilen elma agaglari i¢in uzun yillar
ortalama giinliik iklim verileri (2012 - 2020) ile 2021 ve 2022 yili giincel ginlitk
iklim verileri kullanilarak hazirlanan sulama programlari sirastyla Cizelge 7, Cizel-
ge 8 ve Cizelge 9da verilmistir. Programlarin hazirlanmaya baglanildig1 20 Nisan
tarihinde etkili kok derinligi bolgesindeki mevcut toprak nemi diizeyi tarla kapa-
sitesi (380.65 mm) olarak kabul edilmistir. Biiytime mevsimi boyunca bir gtinlitk
stireler icin bir boyutlu su dengesi esitligi yazilarak, nem diizeyindeki degisimler
belirlenmistir. Nem diizeyi SBND (317.32 mm) altina diistigiinde sulama yapila-
cag1 ve bu nem diizeyini tekrardan tarla kapasitesine yiikseltecek miktarda sulama
suyu uygulanacagi 6ngoriilmiistiir.
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Cizelge 7. Damla sulama yontemi ile sulanan elma agaglar1 i¢in hazirlanan su-
lama programi (2012 - 2020))

Table 7. Irrigation schedule prepared for apple trees irrigated using drip irrigation
method (2012 - 2020)

Sulama Sulama W, T P W, I Sulama
No Tarihi (mm) (mm) (mm) (mm) (mm)  Araligi (giin)

1 16 Haziran 380.65 109.39 45.90 317.16 63.49 -

2 4 Temmuz 380.65 69.00 5.00 316.65 64.00 18
3 20 Temmuz 380.65 71.91 4.00 312.74 67.90 16
4 2 Agustos 380.65 67.00 2.00 315.65 65.01 13
5 16 Agustos 380.65 65.08 1.00 316.57  64.08 14
6 31 Agustos 380.65 69.55 4.00 315.10 65.55 15
7 18 Eyliil 380.65 72.21 6.00 314.44 66.21 18

Cizelge 8. Damla sulama yontemi ile sulanan elma agaglar1 i¢in hazirlanan su-
lama programi (2021)

Table 8. Irrigation schedule prepared for apple trees irrigated using drip irrigation
method (2021)

Sulama Sulama W T P W, I Sulama

No Tarihi (mm) (mm) (mm) (mm) (mm) Aralig (giin)
1 07.06.2021 380.65 90.14 24.63 315.14 65.51 -

2 25.06.2021 380.65 63.75 0.00 316.90 63.75 18

3 11.07.2021 380.65 67.52 0.25 313.38 67.27 16

4 26.07.2021 380.65 71.31 4.31 313.65 67.00 15

5 08.08.2021 380.65 68.44 0.50 312.72 67.94 13

6 22.08.2021 380.65 64.62 1.27 317.30 63.35 14

7 07.09.2021 380.65 67.52 0.00 317.13 67.52 16

8 24.09.2021 380.65 64.69 0.00 315.96 64.69 17
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Cizelge 9. Damla sulama yontemi ile sulanan elma agaglar1 i¢in hazirlanan su-
lama programi (2022)

Table 9. Irrigation schedule prepared for apple trees irrigated using drip irrigation
method (2022)

Sulama Sulama W, T P W, I Sulama

No Tarihi (mm) (mm) (mm) (mm) (mm) Aralig (giin)
1 11.06.2022  380.65 126.78 61.98 315.85 64.80 -

2 28.06.2022  380.65 70.41 6.35 316.59 64.06 17

3 10.07.2022  380.65 64.02 0.00 316.63 64.02 12

4 23.07.2022  380.65 64.24 0.00 316.41 64.24 13

5 04.08.2022  380.65 64.25 0.00 316.40 64.25 12

6 17.08.2022  380.65 68.53 0.00 312.12 68.53 13

7 31.08.2022  380.65 67.50 0.00 313.15 67.50 14

8 15.09.2022  380.65 65.18 0.00 315.47 65.18 15

9 04.10.2022  380.65 65.25 0.00 315.40 65.25 19

Sulama araligi, uzun yillar ortalama (2012 - 2020) ve 2021 yili iklim verileri
ile hazirlanan sulama programlarinda 13 - 18 giin arasinda degismistir. Sulama
sayilari ise sirastyla 7 ve 8 olarak belirlenmistir. Sulama araliginin 12 - 19 giin ara-
sinda degistigi 2022 y1li i¢in sulama say1s1 9 olarak elde edilmistir. ElIma agaglarinin
her bir sulama araligindaki su tiiketimi; 2012 - 2020 yillar1 arasindaki siire¢ icin
65.08 — 109.39 mm, 2021 yil1 i¢in 63.75 mm - 90.14 mm ve 2022 y1l1 i¢in 64.02 -
126.78 mm arasinda degismistir. Her bir sulamada uygulanmasi gereken sulama
suyu miktarlari sirasiyla ise 63.49 - 67.90 mm, 63.35 - 67.94 mm ve 64.02 - 68.53
mm arasinda degerler almistir. Elma agaclarinin son sulamaya kadar olan mevsim-
lik toplam su tiiketimleri sirastyla 524.14 mm, 557.99 mm ve 656.16 mm olarak
belirlenmistir. Bu su tiiketimi miktarlarinin sirasiyla 67.90 mm, 30.96 mm ve 68.33
mm biyikligindeki béliimleri yagisla karsilanmistir. Mevsimlik toplam sulama
suyu miktarlari ise sirastyla 456.24 mm, 527.03 mm ve 587.83 mm olarak elde edil-
mistir. Uzun yillar ortalama iklim verileri ile 2021 ve 2022 yili glincel iklim verileri
kullanilarak elde edilen bitki su tiiketimi ve sulama suyu miktarlarinin ortalama-
lar1 dikkate alindiginda, elma agaglarinin her bir sulama araligindaki ortalama su
titketimi 72.91 mm olarak belirlenmistir. Bu bitki su tiiketimine karsilik olarak
ortalama 15 giin ara ile uygulanmasi gereken sulama suyu miktar: ise ortalama
65.50 mm olarak elde edilmistir. Damla sulama y6ntemi ile sulanacag1 6ngoriilen
elma agaclarinin son sulamaya kadar ortalama mevsimlik su tiiketimi 579.43 mm,
bu su titketimine karsilik olarak uygulanmas: gereken ortalama mevsimlik toplam
sulama suyu miktari ise 523.70 mm olarak belirlenmistir. {lk sulamanin Haziran
ay1 ortalarinda, son sulamanin ise Eylil ay1 sonlarina dogru yapilmasi gerektigi
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sonucuna ulagimistir. Anonim (2023), elma agaglarinin sulama araliginin kurak
bolgelerde ortalama 10 giin oldugunu, Van ilinde elma yetistiriciliginin agirlikli
olarak yapildig1 Van Golii kiy1 kesimlerine benzer yar1 kurak — nemli arasi iklime
sahip bolgelerde ise 15 - 20 giin araliginda degistigini ifade etmistir.

Van ili iklim ve ¢evre 6zellikleri dikkate alinarak gerceklestirilen bu ¢alismada
oldugu gibi, etkili kok derinligi bolgesindeki kullanilabilir suyun bitki tarafindan
tiiketilmesine izin verilen kismi (Ry) %40 alinarak, damla sulama yontemi ile sula-
nan elma agaclarinin su tiiketimi ve sulama suyu ihtiyaclarinin belirlendigi benzer
caligmalarda; Karamiirsel ve ark. (2017), Isparta kogullarinda mevsimlik toplam
su tiiketimini 532.70 mm olarak belirlemislerdir. Bu su tiiketiminin karsilig1 ola-
rak, elma agaglarina 15 giinliik araliklarla toplam 478.70 mm sulama suyu uygu-
lamuslardir. Isparta kosullarinda yiiritilen bir diger ¢aligmada Kii¢iikyumuk ve
ark. (2020), 478.00 - 522.70 mm arasinda degisen toplam su tiiketimine kargilik
olarak, elma agaglarina 361.20 mm - 395.00 mm arasinda degisen miktarlarda
sulama suyu vermislerdir. Orta ve ark. (2020), Tekirdag kosullarinda yetistirilen
elma agaclarinin mevsimlik toplam su tiiketiminin 359.30 - 470.30 mm arasinda
degistigini ortaya koymuslardir. Bu galismalardan farkli olarak R 'nin sirasiyla %30
ve %50 alindig1 Ankara ve Konya kosullarinda yiiriitillen galismalarda, sirasiyla
697.90 - 851.80 mm ve 290.00 mm - 394.00 mm araliklarinda degisen mevsim-
lik toplam su titketimi degerleri elde edilmistir (K6ksal ve ark., 2000; Cay ve ark.,
2009). Damla sulamadan farkli olarak yiizey sulama ve agag alt1 mikro yagmur-
lama sulama yontemleri kullamilarak, %30 - 40 arasinda degisen R kosullarinda
elma agaglarinin sirastyla mevsimlik toplam su tiiketimi ve sulama suyu ihtiyagla-
rinin belirlendigi baz1 ¢aligmalarda; 920 mm ve 531 mm (Giingoér ve Kanburoglu,
1978), 845 mm ve 547 mm (Giinbatili ve Demiroren, 1980), 814 mm ve 495 mm
(Kivang, 1991), 524 mm ve 286 mm (Dasc1 ve ark., 2016) sonuglari elde edilmistir.
Ele alinan bu ¢aligmalar kapsaminda elma agaglar i¢in belirlenen bitki su tiike-
timi ve sulama suyu miktarlari ile Van ili kogullar1 icin tahmin edilen miktarlar
arasinda iklim, bitki ve toprak 6zellikleri ile sulama y6ntemi ve sulama mevsimi
uzunluguna bagh farkliliklar olsa da, genel olarak R 'nin %40 alindig1 calismalar ile
benzer sonuglar elde edildigi goralmiistiir.

SONUC

Van ili kosullarinda yetistirilen elma agaglarinin teorik su titketimi ve sulama
suyu ihtiyaclarinin belirlenerek sulama programlarinin hazirlandigi bu ¢alismada,
etkili kok derinligi bolgesindeki kullanilabilir suyun %40’ tiiketildiginde damla
sulama yontemi ile sulama yapilacagi 6ngorilmiistiir. Yagisa bagli olarak ortalama
15 giin sulama araligi ile 7 - 9 adet sulama yapilmasi gerektigi sonucuna ulagilms-
tir. Elma agaclarinin her bir sulama araligindaki ortalama su tiiketimi 72.91 mm,
her bir sulamada uygulanmasi gereken ortalama sulama suyu miktari ise 65.50 mm
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olarak elde edilmistir. Son sulamaya kadar ortalama 679.28 mm diizeyine ulagan
mevsimlik toplam su tiiketiminin sulamada damla sulama yontemi kullanilmasi
durumunda %14.70 oraninda azalarak 579.43 mm diizeyine geriledigi gortlmis-
tiir. Damla sulama yontemi ile uygulanmasi gereken ortalama mevsimlik toplam
sulama suyu miktar1 ise 523.70 mm olarak belirlenmistir. Elde edilen bu sonug-
larin, Van yoresinde elma agagclar i¢in yapilacak damla sulama uygulamalarinda
aydinlatic1 olacag: dustiniilmektedir.

Cikar Catigmasi

Yazarlar herhangi bir ¢ikar ¢atigmasi olmadigini beyan eder.

Etik

Bu ¢aligma etik kurul onay1 gerektirmez.
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THE IMPACT OF CLIMATE CHANGE ADAPTATION STRATEGIES
ON FOOD SECURITY: A GLOBAL PERSPECTIVE

ABSTRACT

Climate change poses a serious threat to the agricultural sector due to its nature
of being dependent on natural conditions. As a result, food productivity decrea-
ses by threatening global food security. This study aims to analyze the impact of
climate change adaptation adopted by farmers on food security by providing im-
pressions and perspectives from related studies. According previous studies, the
variables of gender, education, family size, land size, livestock ownership, agri-
cultural extension, access to credit, and climate information are factors that have
a positive influence on farmers’ decisions to adopt climate change strategies.
Meanwhile, the age variable has a negative influence on farmers’ decisions to
adopt it. In addition, the results also show that the adaptation of climate change
strategies has a significant impact on food security. Farmers can improve food
insecurity by adapting to climate change. This study provides important insi-
ghts for future research to develop climate-resilient approaches in the complex
global food system.

Keywords: Climate Change, Adaptation Strategies, Food Security, Effective Factors.
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IKLIM DEGISIKLIGINE UYUM STRATEJILERININ GIDA
GUVENCESI UZERINDEKI ETKiSi: KURESEL BiR BAKIS

Oz

Iklim degisikligi, dogal kogullara bagimli yapisi nedeniyle tarim sektdrii igin
ciddi bir tehdit olusturmaktadir. Sonug olarak, kiiresel gida giivenligini tehdit
ederek gida verimliligini azaltmaktadir. Bu ¢alisma, giftgiler tarafindan benimsenen
iklim degisikligine uyumun gida giivenligi iizerindeki etkisini, ilgili ¢alismalardan
izlenim ve bakis agilar1 sunarak analiz etmeyi amaglamaktadir. Mevcut arastirma-
lar; cinsiyet, egitim, aile bityiikligii, arazi buiytikliigli, hayvan sahipligi, tarimsal
yayim, krediye erisim ve iklim bilgisi degiskenlerinin ciftcilerin iklim degisikligi
stratejilerini benimseme kararlari/davranislarini olumlu yonde etkiledigini goster-
mektedir. Buna karsin, yas degiskeninin ciftcilerin iklim degisiklige uyum karar-
lar1 tizerinde olumsuz bir etkiye sahip oldugu anlasilmaktadir. Bununla birlikte,
iklim degisikligi stratejilerinin adaptasyonunun gida giivenligi tizerinde dnemli
bir etkisi oldugunu tespit edilmistir. Ciftciler, iklim degisikligine uyum saglaya-
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rak gida gtivenligini iyilestirebilirler. Bu ¢alisma, karmasik kiiresel gida sistemin-
de iklime direngli yaklasimlar gelistirmeye yonelik gelecekteki aragtirmalar i¢in
onemli bilgiler saglamaktadir.

Anahtar Kelimeler: Iklim Degisikligi, Uyum Stratejileri, Gida Giivenligi, Etkili
Faktorler.

ik

1. INTRODUCTION

The issue of climate change has become one of the biggest global challenges
facing humanity today. This is caused by a variety of factors, including human ac-
tions such as burning fossil fuels, deforestation and industrial activities, as well as
natural events such as volcanic eruptions and solar radiation (Owino et al., 2022).
Some of the important aspects to understand include global temperature changes,
changing rainfall patterns, increased frequency and intensity of natural disasters, and
other extreme changes. Based on WMO (2023), the global average temperatures have
increased significantly over the past few decades and it is likely to surge to record levels
in the next five years. Since 1750, the concentrations of greenhouse gases such as car-
bon dioxide (CO,), nitrous oxide (N,0), and methane (CH,) have increased by 150%,
40%, and 20%. The significance of these changes in the coming decades, particularly
towards the end of the century, will depend on the success of greenhouse gas emission
reduction policies and the responsiveness of the climate system (IPCC, 2007).

Change in temperature

Figure 1. Changes in world temperature in 1961-2022
Source: FAO Temperature Change (2023)
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Most of the impact is felt in developing countries, where food systems face
greater vulnerability to the impacts of climate change due to limited resources, ina-
dequate infrastructure and high poverty levels (Krishnamurthy et al., 2012; Owino
et al,, 2022). The severity of the effects of extreme events on agriculture is already
considerable (FAQO, 2015). The phenomenon of climate change has had a marked
impact on global food production systems, with notable consequences seen in
Australia, Europe and South Africa. In contrast, the impacts of climate change on
food production in Asia and North and Central America show more mixed results
(Ray et al., 2019). Several countries are making efforts to mitigate the adverse im-
pacts of climate change. One example is UN Climate Change Conference (COP)
21 held in Paris on December 12, 2015, which resulted in Paris Agreement, a colla-
borative agreement aimed at reducing carbon emissions (Matemilola et al., 2020).

Meanwhile, the sustainability of production and access to sufficient, safe and
nutritious food is a major challenge in maintaining the welfare of the world’s
growing population. Among the various sectors, agriculture is the most affected by
climate change due to its highly dependent nature on climate and natural resour-
ces (Massagony et al., 2023). There are three main factors relating to global climate
change which impacts the agriculture sector, namely: (i) change in rain pattern; (ii)
increase in occurrences of extreme climate (flood and drought); and (iii) increase in
air temperature (Akmalia, 2022). Nonetheless, each nation and crop are affected dif-
ferently by climate change in terms of agricultural productivity (Adams et al., 1998).

Climate change has had significant impacts on agricultural ecosystems and
food production, including reduced crop productivity, changes in seasonal pat-
terns, and environmental damage. This has triggered uncertainty in food supply,
resulted in food price fluctuations, and increased the risk of hunger and mal-
nutrition in some regions. The impact of climate change not only affects the
food production, but also influences the farmers’ income, food accessibility,
food supply, and food security (Anriquez and Toledo, 2019; Firdaus et al., 2019;
Murniati and Mutolib, 2020)

Understanding farmers’ perspectives on climate change is crucial for anticipa-
ting and mitigating climate change risk through mitigation and adaptation strate-
gies such as modifying agricultural growing techniques (Speranza, 2010; Suranny
etal., 2022). Therefore, it is important to implement an adaptation strategy in order
to effectively address these challenges on agricultural output sustainability and the
food security of farming households. In addition, a deep understanding of how
climate change affects food security. A comprehensive explore the current studies
can provide valuable insights into the various adaptation efforts that have been
undertaken, potential vulnerabilities that need to be addressed, as well as opportu-
nities to improve food security in the future.
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This study aims to explore the current studies of the strategies employed by
farmers in several countries to cope with the challenges posed by climate change,
as well as the effects on food security. Specifically, this study analyses previous si-
milar studies and summarizes them, looking at patterns and current trends in the
studies that have been conducted. This study also seeks a deeper understanding of
the solutions that have been proposed in the face of climate change.

This study is expected to offer valuable insights into the efficacy of adaption
strategies and their possible implications on food production and food security.
The data and insights derived from this study can provide valuable assistance to
policy makers, international organizations, and other stakeholders in formulating
sustainable strategies for addressing climate change and ensuring sufficient food
supply for the global population. Furthermore, this research has the potential to
assist farmers in making informed decisions regarding appropriate strategies for
mitigating the impacts of climate change. Consequently, it is anticipated that the
maintenance of agricultural productivity can be achieved.

2. MATERIAL AND METHOD

Figure 2 illustrates the relationship between climate variability and change,
exposure to climate hazards, adaptation techniques, and food security status of
farm households. Climate change can lead to exposure to hazards such as floods,
droughts, soil erosion, and land degradation. These exposures can significantly im-
pact the agricultural sector, causing loss of crop productivity, livestock mortality,
crop failure, decreased water salinity, and price instability. As a result of these im-
pacts, there are food shortages in the community. High prices also prevent farmers
from accessing sufficient food. Therefore, various adaptation strategy options are
needed to reduce the negative impacts on agricultural production. These adapta-
tion strategies include crop diversification, drought-tolerant crop varieties, water
conservation, early maturing crops, and diversifying livelihoods (Ali and Erenste-
in, 2017; Amare and Simane, 2018; Diallo et al., 2020; Gebre et al., 2023; Mariara
and Mulwa, 2019). Farming households often use a variety of adaptation strategies
to protect themselves from these threats. Based on some studies, these are the stra-
tegies that many farmers use to minimize the impact of climate change.

The decision of farmer households to implement various adaptation measures
influenced by various factors such as household characteristics, asset holdings, so-
cial capital, access to extension services, access to climate information, and others.
This study hypothesizes that farmers who implement various adaptation met-
hods will reduce the vulnerability of farm households to the impacts of climate
change. This may also affect their agricultural productivity. Thus, by implemen-
ting various adaptation measures, farmers can produce their own food and earn
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higher income from the agricultural sector. This increase in productivity allows
farmers to buy enough food, thus making access to food easier and improving
their food security status.

Climate Variability and Change:
1. High temperature

2. Changing rainfall pattern
Factorinfluencing to adopt strategies:
- 1. Household characteristic
2. Asset holdings
Exposure to hazards: 3. Social capital
1. Floods 4. Acces: of institution
2. Drought . 3. Climate information
3. Soil Erosion
4. Landdegradation
¥ v
Adaptation strategies:
Agricultural production: 1. Crop diversification
1. Crop 2. Use of drought-tolerant crop
2. Lwestock * varieties
3. Salme water 3. Water conservation
4. Stability price 4. Early maturing crop
3. Livelhood diversification

~.

Food securty status:
1. Food secure
2. Food inzecure

Figure 2. Conceptual framework of the study

The studies on climate change adaptation build on a critical perspective of
previous research to better understand how climate change can build an ecosys-
tem of adaptation strategies among farmers and how it affects food security in
some countries. To understand how climate change and food security are inter-
linked, this study brought together the current studies on climate change adap-
tation and food security.

The data used in this study is secondary data from journals published on Go-
ogle Scholar, Science Direct, and Web of Science. This research was conducted
by analyzing some articles from selected studies that discussed adaptation climate
change on food production and food safety. The first stage of this research is to
conduct a search using the keywords “Climate Change and Food Security” and
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collecting articles related to it. Second, sorting out the focus of the discussion in
the article, by only selecting articles that focus on the discussion of climate change
adaptation on food security. Third step is classifying articles related to the author,
article title and year of publication. The results of this analysis provide information
and literacy of climate change adaptation on food security.

Table 1. The summary of the title, study area, model and publisher of critically

reviewed researches

Authors and § . X
Title of Article Study Area Method Publisher
Year
American
. Does Adaptation to Climate Endogenous
Di Falco et al. . . L 7 Journal of
Change Provide Food Security? A Ethiopia switching )
(2011) Agriculture
Micro-Perspective from Ethiopia regression model .
Economics
Assessing farmer use of climate
Ali & Probit
X change adaptation practices and . . Climate Risk
Erenstein . . Pakistan Regression
impacts on food security and Management
(2017) . . Model
poverty in Pakistan
Does adaptation to climate change Propensity
Amare & and variability provide household Score Matching )
. . . L Ecological
Simane food security? Evidence from Ethiopia approach and P
rocesses
(2018) Muger sub-basin of the upper Household food
Blue-Nile, Ethiopia balance model
Adaptation to climate change and
. . o . Endogenous
Mariara &  climate variability and its o .
o Kenya switching Food Security
Mulwa (2019)  implications for household food .
. regression model
security in Kenya
Climate Change Adaptation
o Strategy for Sustainability and . . Journal of
Murniati et al. Ordinal Logit
(2019) Food Security of Cassava Farming  Indonesia Model Agricultural
odel
Households in Lampung, Extension
Indonesia
Climate change adaptation .
. . . Propensity Score
Dialloetal.  strategies, productivity and ) . .
k o Mali Matching Climate Change
(2020) sustainable food security in
i approach
southern Mali
Exploring climate change
adaptation practices and Household Food
Dirani etal.  household food security in the Insecurity Access )
. Lebanon Food Security
(2021) Middle Eastern context: a case Scale (HFIAS)
of small family farms in Central scores

Bekaa, Lebanon
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The role of climate change

Savari & . L .
. adaptation of small-scale farmers Discriminant Development in
Zhoolideh ; Iran . .
(2021) on the household’s food security analysis Practice
level in the west of Iran
Two-stage .
. International
residual
. ) . ) Journal of
Does adaptation to climate change inclusion (2SRI), .
Rahman et al. . . Sustainable
promote household food security? Indonesia  and two-step
(2022) . X . Development
Insights from Indonesian fishermen. predictor
o and World
substitution
Ecology
(2SPS) approaches
Propensity
. . Score Matching
. Adaptation to Climate Change and
Ogundeji ) South approach and .
Impact on Smallholder Farmers . Agriculture
(2022) o . Africa Household Food
Food Security in South Africa )
Insecurity Access
Scale (HFIAS)
Multivariate
Farmers' use of climate change probit model . .
Gebre et al. . K - i Climate Risk
adaptation strategies and their Kenya and Propensity
(2023) . . . Management
impacts on food security in Kenya Score Matching
approach

3. RESULT AND DISCUSSION

3.1. The Relationship Between Climate Change and Food Security

The relationship between food security and climate change is a complex one. It
is because food security is not only about food and its production, but also involves
trade, nutrition, and the efforts of communities and countries to maintain access to
food over time, especially in the face of multiple pressures (Ziervogel and Ericksen,
2010). At the global scale, climatic shocks that affect regions of significant impor-
tance for food supplies can have indirect consequences by influencing: (i) the flow
of supplies and causing spikes in food prices, leading to heightened market volati-
lity; and (ii) the disruption of trade patterns due to impacts on bilateral contracts
and/or import/export behavior. The role of trade is anticipated to be significant in
adapting to changes in food production patterns caused by climate change (Gitz
and Meybeck, 2016). Climate change is also expected to cause a reduction in crop
yields of up to 25% in some regions, especially in developing countries. This situa-
tion could result in increased food insecurity, malnutrition and poverty, especially
among vulnerable populations (FAO, 2015).
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In order to face this challenge, a key priority is to respond to adaptation to
climate change in the context of food security. Diverse actions must be taken to
prevent an increase in food insecurity. Building resilience at all levels, from farm
households and agricultural systems to larger levels, would involve deploying a
wide range of instruments in order to provide food security and decent nutrition
in climate change (Gitz and Meybeck, 2016).

3.2. Agricultural Adaptation Strategies to Climate Change

Climate change adaptation refers to a system’s ability to respond to the impact
of unpredicted climate, weather, and seasons (climate change). As a result, farmers
must urgently adapt to the effects of climate change to maintain farming produc-
tivity (Murniati et al., 2019). Based on previous studies that has been conducted,
there are several main variables that are the focus of this research in influencing
adaptation to climate change. These variables include demographic factors, socioe-
conomics, livestock, land size, access to extension, access to credit, access to infor-
mation and climate. Factors influencing farmers to adapt climate change strategies
are shown in Table 2.

3.21. Age

In the study conducted by Mariara and Mulwa (2019), using the maize yield
equivalent (MYE) measure, which expresses the equivalent weight agricultural
production or grains to farming households in Kenya showed that the age of the
household head was a positive significant factor in climate change adaptation.
Meanwhile, research conducted by Ogundeji (2022), showed that the age of far-
mers was statistically significant but had a negative correlation with climate chan-
ge adaptation in the study area. This implies that the older farmers are, the less
interested they may be in investing in climate change adaptation due to farmers
have more family responsibilities. Ali and Erenstein (2017), also stated that the
age of the household head is negatively associated with the adoption of climate
change adaptation practices, which suggests that younger farmers are more likely
to adopt compared to older farmers, as they are more innovative and interested
in trying new technologies and methods to improve agriculture. The negative re-
lationship between the farmers’ age and climate change adaptation strategies has
been similarly found in other study (Gebre et al., 2023). While research conducted
by Rahman et al. (2022), on fishermen in Indonesia using the 2SRI approach to
address endogeneity issues in modelling the impact of climate change adaptation
on household food security by regressing the treatment variable (adaptation to cli-
mate change) as a function of the fisher profile (control variable) shows that age
does not show a significant effect on climate change adaptation. The same results
that age is not a significant factor in climate change adaptation can also be seen in
several studies (Amare and Simane, 2018; Di Falco et al., 2011).

ANAJAS, 2024, Cilt 39, Sayi 2, Sayfa 333-349



Nur AFIANI, Mehmet BOZOGLU

Table 2. Factors influencing farmers in adapting to climate change strategies

Rahman Ali & Di falco Gebre  Mariara & Amare &

Variables etal Erenstein etal etal Mulwa Simane Og:;:;:ji
(2022) (2017) (2011) (2023) (2019) (2018)

Age 0.030 -0.01%** 0.007 -0.014** 0.271** 0.774 0.042**

Gender 0.01 0.149 0.040** -0.138 0.000* 0.065**

Family size 0.175 0.02** 0.052** 0.003*** 0.157** 0.004*

Education 0.077* 0.03** 0.092 0.029** 0.005 0.263 0.565

Farm experience 0.026 0.009 0.0872** 0.451

Land size 0.03%%* 0.006** 0.003*

Livestock Owned 0.01+%* 0.009 0.082 0.033* 0.056*

Income 0.03*** 0.606*** 0.057

Social group 0.638 0.04* 0.300

Agricultural Extension 0.501*** 0.01** 0.457*  0.069*** 0.275%** 0.000* 0.321

Access of Credit 0.443** 0.024%* 0.246*** 0.054 0.196 0.753

Climate information 0.444** 0.465***  0.014*** 0.051* 0.000***

Climate factor 0.241%%* 0.001 0.997**

3.2.2. Gender

Gebre et al. (2023), show that the gender of the farmer is positively associa-
ted with the use of drought-tolerant crop varieties and crop diversification as the
type of climate change adaptation. This result is also similar with previous study
conducted by Amare and Simane (2018), using probit model estimation which
shows that male-headed households have a better chance of taking adaptation ac-
tions compared to female households, mainly due to cultural and social barriers
that limit women’s access to land and information on climate change. Meanwhile
in a study conducted by Ogundeji (2022), it was shown that the gender variable
exhibited a negative and statistically significant relationship with the adoption of
climate change adaptation. This suggests that female farmers are more inclined
to use climate change adaptation measures compared to their male counterparts.
The inclination of women to exhibit risk-averse behavior can be identified as a
contributing factor to their heightened interest in implementing solutions aimed at
mitigating the dangers connected with climate change. In several other studies, the
relationship between gender and climate change adaptation shows insignificant
results, implying that there is no influence between male or female leadership on
climate change adaptation decisions (Di Falco et al., 2011; Ali and Erenstein, 2017)
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3.2.3. Family Size

In the study conducted Ali and Erenstein (2017), with using probit model esti-
mation show that family size is positively associated with adaptation practices. The
relationship between household size and adaptation strategies has been similarly
found in other studies that show that family size is positively associated with all
of adaptation strategies methods (Di Falco et al., 2011; Amare and Simane, 2018;
Mariara and Mulwa, 2019; Gebre et al., 2023). The positive and significant coeffi-
cient of farm household size indicates that farmers with larger family sizes employ
more strategies to mitigate climate change-related risks. Meanwhile in Rahman et
al. (2022), household size has no relationship on farmers’ decision to adopt climate
change adaptation.

3.2.4. Education

The findings of the study conducted by Ali and Erenstein (2017), indicate a
positive correlation between the level of education attained by the head of the hou-
sehold and the implementation of various adaption strategies. Farmers who have
had a formal education are more likely to possess a heightened awareness of clima-
te change and advancements in agriculture. Consequently, they may exhibit a grea-
ter inclination towards embracing technological solutions and adopting innovative
ways in order to effectively manage the risks associated with climatic variability.
This result was consistent with Gebre et al. (2023), who found that younger far-
mers with higher education levels are more likely to use climate change adaptation
practices. The similar finding could be found in study conducted by Rahman et al.
(2022), which show that the coefficient of the education variable is positive and sig-
nificant. It means that the higher the education, the more strategies will be adop-
ted. Meanwhile in other studies conducted by Amare and Simane (2018), farmers
decision to adopt adaptation options is not significantly influenced by education.

3.2.5. Land Size

According to Ali and Erestein (2017), there is a significant correlation
between land holding size and the utilization of all three adaption techniques
consisting of adjustments to sowing times, drought-tolerant varieties and shifts
to new crops. Farmers who possess extensive landholdings are more inclined
to possess greater capacity for experimentation and investment in techniques
aimed at mitigating climate risks. This result in line with study conducted by
Amare and Simane (2018), the decision to adopt adaptation options is found
to be positively influenced by the size of landholding. Gebre et al. (2023), also
revealed that farmers who own more hectares of land use more climate change
adaptation strategies, possibly because they have more financial resources to
invest in more climate change adaptation practices. Large farming househol-
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ds tend to have higher food demand, so farmers are adopting strategies to
respond to climate change in order to increase food supply and meet demand
(Diallo et al., 2020).

3.2.6. Livestock Owned

Ali and Erenstein (2017), also show that livestock is positively related to all of
adaption methods. Similar with Ogundeji (2022), in his research on smallholder
farmers in South Africa also showed that farmers with a more extensive livestock
measured by the Tropical Livestock Unit (TLU) were also more likely to take action
to mitigate the adverse effects of climate change. When planting, farmers with a
sufficient number of donkeys and oxen might easily adjust the dates of their plan-
tings by utilizing the animals to prepare their fields (Diallo et al., 2020). In cont-
rast with Amare and Simane (2018), who found that livestock holdings negatively
influence household’s decision to adopt adaptation options at 5% probability level.
Meanwhile, according to Gebre et al. (2023), livestock ownership does not show a
significant influence on climate change adaptation decisions.

3.2.7. Agricultural Extension

In the study conducted by Ali and Eresntein (2017), show that extension servi-
ces is positively associated with all three adaptation methods. The provision of in-
formation by extension services is a significant factor in influencing farmers’ deci-
sion-making processes on the adoption of climate change. This study suggests that
the primary barrier to adaptation could potentially be attributed to limited availa-
bility of extension services (Di Falco et al., 2011) Similar results were also found in
research conducted by Amare and Simane (2018), that access to extension services
has a positive and significant effect on farmers” decisions to invest in adaptation.
Having extension service availability raises the likelihood of adopting adaptation
alternatives by 22.8%. In study conducted by Gebre et al. (2023), also revealed that
there is a positive correlation between the frequency of extension contact and both
agricultural diversity and the utilization of early maturing crop varieties. In Maria-
ra and Mulwa (2019), access to general extension services is a strong instrument to
adaptation climate change. These finding also in line with study conducted by Rah-
man et al. (2022), on fishermen in Indonesia which showed that Fisheries extensi-
on activity has a positive impact on fishermen’s decision to adopt climate change
strategies, and the effect is statistically significant at 1%, implying that participating
in fisheries extension activity encourages adaptation.

3.2.8. Access of Credit

Research conducted by Di Falco et al. (2011), has shown that farm households
that have access to financing are more inclined to engage in adaptive measures in
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response to climate change. This findings align with other studies, including those
that show the positive effects of access of credit with adaptation of climate change
(Ali and Erenstein, 2017). In Rahman et al. (2022), access to credit is positively re-
lated and statistically significant at the 5% and 1% levels, indicating that fishers who
have access to credit are more likely to adapt as they can purchase the tools needed
in the process. Meanwhile, findings from a study conducted by Ogundeji (2022), re-
vealed that access to credit did not emerge as a significant determinant influencing
the decisions of farmers regarding the adoption of climate change strategies. These
results are also in line with research conducted by Mariara and Mulwa (2019), and
Ogundeji (2022), who revealed that access to credit was not statistically significant
in influencing farmers’ decisions in adopting climate change adaptation strategies.

3.2.9. Climate Information

The role of information seems very crucial. Farmers who are knowledgeable
about climate conditions are more likely to adopt adaptation strategies (Di falco et
al., 2011). In study conducted by Amare and Simane (2018), revealed that the like-
lihood of selecting an adaptation choice improves by 5.04% when access to climate
warnings about drought and/or flood is available. According to Ogundeji (2022),
farmers who had access to climate information or were made aware of changing
weather patterns through early warning systems have a higher likelihood of ta-
king actions to cope with climate change. This early warning system most likely
aids in farmers’ physical and mental preparation for changes in upcoming weather
conditions. These findings are also in line with research conducted by Gebre et al.
(2023), which revealed that regular access to forecasts regarding rainfall and tem-
perature is positively linked to the adoption of drought-resistant crop types, diver-
sification of crops, and the utilization of early-maturing crop varieties. This con-
nection facilitates farmers in making informed decisions to implement strategies
addressing climate change. Furthermore Rahman et al. (2022), also stated that the
climate information variable has a positive effect on climate change adaptation and
is statistically significant at 5%. The more information fishermen receive, the more
likely they are to adopt strategies, so improved information access is necessary.

3.3 The Impact of Climate Change Adaptation Strategies on Food Security

Climate change affects crop and livestock production patterns. Rising global
temperatures can alter the climate suitable for the growth of some crops, while uns-
table rainfall patterns can cause droughts or floods. This can reduce crop yields and
threatening food availability in many regions. With a growing global population,
food security is a top priority. Climate change adds pressure to the global food sys-
tem by reducing the availability of resources such as water, land and energy, all of
which are essential for food production. In addition, extreme weather events such
as storms, floods and droughts can destroy crops and agricultural infrastructure.
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Food security, which encompasses food access, food availability, and the use
of safe and nutritious food, is becoming increasingly difficult to deal with due to
climate change. Vulnerable groups such as smallholder farmers, coastal communi-
ties and developing countries are more vulnerable to climate change due to limited
resources and dependence on the agricultural sector. The farmer households used
various coping strategies when they are unable to access enough food (Dirani et
al., 2021). Therefore, various climate change adaptation strategies are needed to
support global food security, for example use of drought-tolerant varieties, varying
planting dates, improve crop diversity, soil and water conservation, early maturing
crop varieties, and livelihood diversification.

The study conducted by Ogundeji (2022), found that agricultural households’
food security status is likely to significantly improve when they employ measures
to adapt to adverse climatic conditions. Farmers who adapted climate change stra-
tegies and had access to extension support, non-farm income, and communication
devices such as mobile phones were more likely to reduce their food insecurity
status. Furthermore, climate change adaptation had a 12% chance of increasing
household food security while decreasing severe food insecurity by 29%. Thus,
farming households that used strategies to mitigate the negative effects of climatic
conditions fared better in terms of food security than those that did not.

Di Falco et al. (2011), showed that adaptation climate change strategies inc-
reases food productivity, and that the farm households that did not adapt would
benefit the most from adaptation. In the opposite factual case, farm households
that adapted tend to produce more than farm households that did not adapt. Si-
milarity with Amare and Simane (2018), in their research which revealed that far-
mer households that adopt climate change adaptation will get more benefits which
provide compelling evidence for the beneficial impact of adopting climate change
adaptations that limit the negative impact of climate change on household live-
lihoods on alleviating food insecurity in the study area. The return to investments
in soil and water conservation, small-scale irrigation, agronomic practices, and
diversifying livelihood options. Each produces reliable results, particularly in areas
where climate change and variability have a negative impact on agriculture, which
is considered the primary source of income for households.

According to Maria and Mulwa (2019), adapting climate change on expected
yield, treatment, and heterogeneity effects show that there is a positive difference
between adapters and non-adapters, implying that adaptation to climate change
has a positive impact on food security.

Land and water are the most important natural resources in agricultural far-
ming systems. Therefore, increasing farm size and land quality, along with adequ-
ate water and a proper irrigation system, will improve farm quality and quantity,
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and thus household food security (Savari and Zhoolideh, 2021). Awareness-raising
related to adaptation needs to be focused on the entire farming community, with
special emphasis on farmer groups that have higher levels of age and experience.
This group tends to maintain their traditional farming methods, which in turn
may compromise the potential for increased production, posing a risk to their food
security status (Mariara and Mulwa, 2019).

4, CONCLUSION

Climate change poses a serious threat to the agricultural sector. This is due to
the nature of agriculture, which is dependent on natural conditions such as tempe-
rature and weather patterns. The impact of climate change on the decline of agri-
cultural productivity, uncertainty of water supply, and increased risk of natural di-
sasters all contribute to the instability of the global food system. Therefore, farmers
need to make various mitigation efforts to deal with climate change and maintain
the resilience of the global food system.

Various studies have been conducted to look at various factors that influence
farmers in adapting to climate change and its impact on food security. Various mo-
dels have been conducted and widely used approaches are probit regression model,
endogenous switching regression model, and propensity score matching approach. In
addition, some studies also use the Household Food Insecurity Access Scale (HFIAS)
scores approach to determine the level of food security of farmer households.

Based on the results of this study, it can be determined that the factors of gen-
der, education, family size, land size, livestock owned, agricultural extension, ac-
cess to credit, and climate information are factors that have a positive effect on
farmers’ decisions to adopt climate change strategies. Meanwhile, several studies
reveal that age is a factor that has a negative effect on farmers’ decision to adopt
strategies because the older the age of farmers, the tendency to adapt decreases.
Several studies have also highlighted that the availability of agricultural extension,
access to credit, and access to climate information are the main factors influencing
farmers’ decisions to adopt climate change strategies (Ali and Erenstein, 2017; Di
Falco et al., 2011; Gebre et al., 2023; Rahman et al., 2022). Agricultural extension
can also provide insight into new technologies, sustainable agricultural practices,
and adaptation methods that can be applied in the local context. When farmers
have limited access to climate information, they may be less able to anticipate ext-
reme weather changes or understand the long-term impacts of climate change on
agricultural production. While access to credit can help farmers invest in the imp-
lementation of these strategies.

Based on evaluation of related studies, climate change adaptation has a positive
effect on food security. In some cases, farmers who adopt adaptation strategies ex-

ANAJAS, 2024, Cilt 39, Sayi 2, Sayfa 333-349



Nur AFIANI, Mehmet BOZOGLU

perience an increase in agricultural productivity compared to farmers who do not
adapt. However, the challenges faced in dealing with climate change indicate the
need for collaboration between governments, non-governmental organizations, and
communities to create sustainable solutions to ensure food security in the future.

This study only discusses the impact of strategies to deal with climate change
carried out by farmers on food security by looking at several socio-economic fac-
tors of farmers making these adaptations. As a recommendation for future studies,
it is necessary to consider internal and external factors that can cause distress and
vulnerability of farmers in making decisions to carry out climate change adaptation
strategies, for example by considering the psychological and socio-cultural factors
experienced by farmers. In the other hand, further efforts are needed to intensify
research and innovation to develop crop varieties that are more adaptive to climate
change. Public education and awareness also need to be improved to understand the
importance of climate change adaptation in maintaining global food security. One
of effective approach is integrating climate change adaptation strategies into school
curricula at all levels, from primary school to university by incorporating topics
such as sustainable agriculture, water management and biodiversity conservation
into the curriculum. Through this approach communities can develop a deeper un-
derstanding of the relationship between climate change and food security.
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THE EFFECT OF DIFFERENT ORCHARD GROUND CONDITIONS
ON THE PERFORMANCE OF A MECHANICAL HAZELNUT
HARVESTING MACHINE

ABSTRACT

In this study, the values of harvesting efficiency, field productivity, kernel pro-
ductivity, kernel losses, and foreign material separation efficiency of hazelnut har-
vesting machine with mechanical harvesting unit were determined under different
orchard ground conditions (ground preparation before harvesting (OG1) and wit-
hout ground preparation (0G2)). Also, it was observed how these conditions affect
the operation of the hazelnut harvesting machine. For this purpose, the harvesting
efficiency, field productivity, kernel productivity and kernel losses of the hazelnut
harvesting machine in OGI and OG2 plots at 265.50 kg ha' orchard yield, 1600
mm working width and 1.60 m s working velocity in two different orchard groun-
ds were 96.05%, 90.15%; 8.624 h ha!, 9.839 h ha'; 0.116 ha h™', 0.102 ha h*'; 778.72
kg h, 739.76 kg h''; 3.95%, 9.85%, respectively. The hazelnut harvesting machine
with a mechanical harvesting unit can work independently from the ground con-
ditions and we can say that it is an alternative to other hazelnut harvesting ma-
chines. The data obtained from the study will help the decision-making process
for the best selection and use by providing the necessary technical information
about the functional aspects of the machine. Complete mechanization of hazel-
nut harvesting will lead to a decrease in labor requirements, thus increasing pro-
duct profitability through a decrease in production cost. The presence of machi-
nes with high-performance characteristics in hazelnut harvesting mechanization
will shorten the time the product stays on the ground and increase the quality of
the harvested product.

Keywords: Mechanical Harvesting, Orchard Ground Properties, Performance
Characteristics.

ek

FARKLI BAHGE ZEMINi KOSULLARININ MEKANIK ETKILI FINDIK
TOPLAMA MAKINASININ PERFORMANSI UZERINE ETKISI

0z

Bu ¢aligmada, farkli bahg¢e zemini kosullarinda (OGI; hasattan 6nce zemin
hazirlig: yapilmis, OG2; hasattan 6nce zemin hazirligi yapilmamis), mekanik top-
lama {initeli findik toplama makinasinin toplama etkinligi, alan is bagarisi, tiriin
is basarisy, tiriin kayiplar: ve yabanci materyalleri ayirma etkinligi degerleri belir-
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lenmistir. Ayrica, farkli bahge zeminlerinin findik toplama makinasinin perfor-
mansini nasil etkiledigi de gézlemlenmistir. Bu amagla, iki farkli bah¢e zemininde,
265.50 kg da! bahge veriminde, 1600 mm is genisliginde ve 1.60 m s ilerleme
hizinda findik toplama makinanin OG1 ve OG2 parsellerindeki toplama etkinligi,
alan is bagarisi, iriin is basaris1 ve tirtin kayiplari, sirastyla, %96.05, %90.15; 8.624 h
ha?,9.839hha';0.116 hah',0.102hah; 778.72 kg h*!, 739.76 kg h*'; %3.95, %9.85
olarak tespit edilmistir. Mekanik toplama tniteli findik toplama makinasi, zemin
kogullarindan bagimsiz olarak ¢alisabilmekte ve diger findik toplama makinalari-
na kars1 bir alternatif olusturdugu soylenebilir. Calisma sonucu elde edilen veriler,
makinenin islevsel yonleriyle ilgili gerekli teknik bilgileri saglayarak en iyi se¢im ve
kullanim i¢in karar verme siirecine yardimeci olacaktir. Findik hasadinin tamamen
makinelesmesi, isglicii gereksiniminin azalmasina neden olacak bdylece iiretim
maliyetinin diigmesi yoluyla tirtin karliligini da arttiracaktir. Performans karakteris-
tikleri yiiksek olan makinalarin findik hasat mekanizasyonunda var olmas tirtiniin
yerde kalma stiresini kisaltacagindan, hasat edilen tirtin kalitesini de arttiracaktir.

Anahtar Kelimeler: Mekanik Hasat, Bahce Zemin Ozellikleri, Performans
Karakteristikleri.

i

1. INTRODUCTION

Turkey has 74.50% of the world’s hazelnut planting areas with an area of ap-
proximately 700 thousand ha. The production amount of shelled hazelnuts is ap-
proximately 665 thousand tonnes and meets 76% of the world’s hazelnut produ-
ction. Hazelnut exports are approximately 500 thousand tonnes and 75% of the
world’s hazelnut exports (TUIK, 2023). In addition, the fact that it concerns the
livelihood of approximately 500 thousand producers in Turkey, provides raw ma-
terials to the agriculture-based industry, creates employment and added value in
semi-finished, finished product production and trade stages, and is one of the most
important export products reveals its importance in the country’s economy (Bo-
zoglu, 1999; Aktas et al., 2011).

The need for high labor requirements for harvesting operations is an impor-
tant factor in determining the product cost (Tous et al., 1994; Beyhan and Yildiz,
1996). In addition to the slope problem, the fact that hazelnut areas are small and
very fragmented makes mechanization applications difficult, increases the cost of
production, and causes a decrease in the profit obtained from hazelnut by the pro-
ducers (Serdar et al., 2017). Ilkyaz (1986) determined that the manual harvesting
of hazelnuts is 306 BIIGh ha™!, this value constitutes 71% of the total working time
for production and 55% of the production cost.
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Hazelnuts and other hard-shelled fruits can be produced with different cultiva-
tion systems in different parts of the world. In our country, the hazelnut planting
system is the brush planting system with branches in bush form. In the lowland
villages of Terme and Carsamba Districts of Samsun Province, 91% of the hazel-
nut areas have a brush planting system and the remaining 9% have a row planting
system (Kilig, 1997). However, new orchards are established with single-stemmed
hazelnut trees, although the traditional cultivation system in the form of bushes is
encountered in Italy, Spain, and the USA. Single-stemmed cultivation system has
more advantages in cutting the bottom shoots, other cultural operations that can
be done by machine, and especially in harvesting operations (Tous et al., 1994;
Tomasone et al., 2009).

In some important hazelnut-producing countries such as the USA, Italy,
France, and Spain, mechanical harvesting methods are applied to the extent that
the land and planting technique allows. Hazelnut harvesting operations in these
countries are carried out completely by machines. In terms of the working prin-
ciples of the hazelnut harvesting machines in practice, machines with pneumatic
and mechanical effects have been developed to harvest the hazelnuts from the or-
chard ground in one or two processes (Zoppello and Tempia, 1988; Ghiotti, 1989;
Yildiz and Tekgiiler, 2014).

Hazelnut, which has an important place in the agriculture of our country, is
harvested manually, but recently, with the widespread use of hazelnut harvest-
ing machines developed by local manufacturers, it is also mechanized. In Turkey,
mechanized harvesting studies started with the trials of a hazelnut harvesting ma-
chine with a pneumatic harvesting unit designed and manufactured by Beyhan
(1992). Then he continued his studies in this field by manufacturing the prototype
of a hazelnut harvesting machine with a mechanically effective harvesting unit.
Beyhan (1996) tested a hazelnut harvester consisting of a transmission hose, sep-
arator, unloader, aspirator, and storage unit under three different orchard yield con-
ditions and determined the kernel productivity of the machine as 28.48 kgIC h*,
harvesting efficiency as 95.13% and field productivity as 0.396 da h!' at an orchard
yield of 226.8 kg da™. In the trials conducted, power consumption was high, labor
productivity was low and the use of aspirated machines required two workers to
manage the hoses and one person to drive the vehicle. It was also emphasized that
in the harvesting of hazelnuts with this type of machine, it is necessary to prepare
the ground to a great extent and there is a dust problem. For these reasons, har-
vesting machines with mechanical harvesting units have started to be developed to
increase harvesting efficiency and labor productivity, minimize production losses,
cover the largest possible area, reduce dust problems, obtain good results even in
orchards with uneven ground, and reduce power requirements (Biondi et al., 1992;
Ghiotti, 1989). Yildiz (2000), in orchard trials carried out with a prototype hazelnut
harvesting machine with a tractor-operated mechanical harvesting unit suitable
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for Turkish conditions (at an orchard yield of 225 kg da’!, a working velocity of 3.2
km h™ and a harvesting system speed of 430 min™) found that the kernel produc-
tivity, harvesting efficiency and field productivity of the machine were 100.29 kg
h, 91.66% and 1-1.5 da h, respectively. Again, Sauk (2016), in a study examined
the possibilities of using hazelnut harvesting machines with pneumatic effective
harvesting units and prototype manufactured hazelnut harvesting machines with
mechanical effective harvesting units in the mechanical harvesting of hazelnuts
grown in flat and near flat land conditions; reported that the harvesting efficiency
and labor productivity of mechanical effective machines were higher than pneu-
matic effective machines.

Good garden ground preparation is required in working with hazelnut har-
vesting machines with pneumatic harvesting units. This type of machine will not
perform well if the orchard ground is covered with foreign materials such as weeds,
dry leaves, branch parts, and dry grass. In addition, the high dust emissions of ha-
zelnut harvesters with pneumatic harvesting units cause environmental dust pol-
lution in hazelnut orchards. This situation poses a great health hazard for workers,
considering the widespread use of herbicides to control weeds. On the other hand,
it can be said that hazelnut harvesting machines with mechanical collection units
can easily harvest hazelnuts independently from the garden ground. In addition,
environmental dust pollution will be low due to the low dust emissions of such
machines (Fanigliulo and Tomasone, 2009; Sauk, 2016).

Considering these problems, the prototype hazelnut harvesting machine with
a mechanical harvesting unit can operate independently of soil conditions and is
an alternative to other hazelnut harvesting machines. For this purpose, it is aimed
to reveal how the hazelnut harvesting machine with a mechanical harvesting unit
affects the performance characteristics (harvesting efficiency, field productivity,
kernel productivity, kernel losses, and foreign material separation efficiency) on
orchard grounds with different soil management (orchard ground with ground
preparation before harvesting and orchard ground without ground preparation).
Also, it will help the decision-making process for the best selection and utilization
by providing the necessary technical information on the functional aspects of the
machine. The complete mechanization of hazelnut harvesting will lead to a reduc-
tion in labor requirements, thus increasing product profitability through a reduc-
tion in production cost. The presence of machines with high-performance charac-
teristics in hazelnut harvesting mechanization will shorten the time the product
stays on the ground and increase the quality of the harvested product.
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2. MATERIAL AND METHODS
2.1. Material

2.1.1. Hazelnut Orchard Features

The experiments were carried out in a farmer’s orchard in Carsamba District of
Samsun Province. The characteristics of the hazelnut orchard are given in Table 1.

Table 1. Characteristics of hazelnut orchard

Cizelge 1. Findik bahgesinin ozellikleri

Parameters Average values
Orchard age (years) 16

Planting system Brush (“ocak” in Turkish)
Hazelnut variety Yomra

Distance between row (m) 4.55

Distance over row (m) 4.65

Branch angle (°) 58

Number of main branches on the brush (number) 23

Brush size (m) 0.55x0.62

2.1.2. Hazelnut Harvesting Machine used in the Trials

Hazelnut harvesting machine with mechanical effective harvesting units con-
sists of 4 main units: sweeper unit, harvesting unit, cleaning unit, and discharge
unit. The machine is a 3200 mm long, 1600 mm high, 1200 mm wide, 3-wheeled
self-propelled hazelnut harvesting machine. The machine is driven by a Rato 68306
type petrol engine with an engine speed of 1800 min™, a cylinder volume of 420 cc,
and an engine power of 12 BG. The hazelnut harvesting machine was operated at a
working velocity of 1.60 m s

2.1.3. Devices used in the Experiments

Precisa model digital balance with a capacity of 6100 g and a precision of 0.01 g
was used to determine the weights of the plant materials. Time measurements were
made using a digital display stopwatch with 0.1 s precision.
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2.2. Methods

2.2.1. Experimental Design

To determine the performance characteristics of the hazelnut harvesting ma-
chine under different orchard ground conditions (distance over row 4.65 m), ex-
perimental plots of approximately 148.80 m? (1.60x93 m) were formed with each
plot containing 20 brushes. The harvesting trials were carried out with three rep-
licates according to the randomized plot design under the conditions of 265.50 kg
da orchard yield as milling dry hazelnuts with 10% moisture content, which were
naturally poured between the rows of the brush. To determine the orchard yield,
hazelnuts in 5 randomly selected brushes were harvested and orchard yield per
decare was determined.

For the study, since the soil management of the plots differed, the orchard
ground that was prepared before harvesting was named OGI (figure 1), and the
orchard ground that was not prepared before harvesting was named OG2 (figure
2). In OGI experimental plots, herbicide was applied for weed control to obtain a
clean orchard ground before the harvest period, weeds on the ground were mown
using a motorized scythe, and branch parts were removed from the plots with a
rake. During the trials, weed height in OGI plots varied between 40-50 mm. In
OG?2 experimental plots, no herbicide application was made for weed control, and
foreign materials such as dry leaves, dry grass, and branch parts were left in the
plots as they were and no ground preparation was made. In addition, thorny bus-
hes and ivy were found between the rows in OG2 plots. During the trials, the weed
height in OG2 plots varied between 150-250 mm. After the hazelnuts started to
fall on the orchard ground, no intervention was made to the trial plots. Only the
large pieces of branches that would damage the cleaning unit of the machine were
removed manually from both plots.

Figure 1. General view from plot OGI.
Sekil 1. OG1 parselinden genel bir goriiniis.
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Figure 2. General view from plot OG2.

Sekil 2. OG2 parselinden genel bir goriins.

2.2.2. Determination of Harvesting Efficiency

Hazelnuts in the experimental plots were harvested with a hazelnut harvesting
machine. Then, the foreign materials (soil, grass, branch parts, leaves, etc.) harves-
ted by the machine together with the hazelnuts were removed and the harvested
hazelnuts were weighed. The harvesting efficiency of the machine was calculated
by proportioning the weight of the kernel + husked harvested in the unit area to the
weight of the kernel + husked in the plot. The harvesting efficiency of the hazelnut
harvesting machine was calculated as a percentage (%).

2.2.3. Determination of Labor Requirement and Field Productivity

In the trials carried out under two different orchard ground conditions (265.50
kg da in orchard yield, 1600 mm work width, 1.60 m s working velocity, and only
between row harvesting) with brush type planting system, the values obtained to
determine the labor requirement and field productivity of the machine were evalu-
ated according to the standard plot measuring 66.67x150 m (1 ha) (Caran, 1994).
The labor requirement of the hazelnut harvesting machine was calculated in terms
of h ha' and the field productivity was calculated in terms of ha h™.

To determine the field productivity of the hazelnut harvesting machine, the
basic time (BT, (h ha')) and auxiliary times (AT,(h ha')) (transition time (TT),
preparation time (PT), supply and replenishment time (SRT), break time (BT) and
rotation time (RT)) were measured for each process with a stopwatch. To deter-
mine work efficiency in the orchard, effective working time (EWT) was noted.
To determine EWT, first basic time (BT) and auxiliary time (AT) were added to
calculate principal time (PT) (Yildiz, 2016).

PT = BT + AT (hha™) (1)

Effective working time (EWT) was calculated from the following equation.
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EWT = PT + UTL (hha™%) )

Unavoidable time loss (UTL) was determined as a percentage of the principal
time obtained by adding basic and auxiliary time.

UTL = (P /100)x PT (3)

Here, P is a multiplication factor showing variations according to the hazelnut
harvesting machine used and labor power. In this study, for labor power P was 1,
while for machine power P was 6.

The utilization coefficient (UC) was calculated from the following equation
using total time.

UC = (BT /EWT) x 100 (%) @

The working efficiency per unit area (WPA) in the study with the hazelnut har-
vesting machine was determined with the following equation, linked to the EWT.

WPA = (1/EWT) (ha k™) )

2.2.4. Determining Kernel Productivity

To determine the kernel productivity, kernel + husked with hazelnut husks
were harvested with a hazelnut harvesting machine under the condition of 265.50
kg ha! orchard yield, taking into account the natural shedding conditions in the
experimental plots. The kernel productivity of the machine was determined in kg
h! at 10% moisture content with the help of the following equation. To determine
the kernel productivity of the machine (KP), the kernel harvested per unit time
(KH) was divided by harvesting time (t) (Yildiz, 2000).

KP = KH/t (kg h™) (6)

2.2.5. Determination of Product Losses

Product losses were analyzed under two main groups hazelnuts that could not
be harvested in each parcel swept by the machine and hazelnuts that fell back to
the orchard ground while passing through the machine. In each parcel, the weight
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of hazelnuts that could not be harvested in the area swept by the machine and the
weight of hazelnuts that fell back to the orchard ground while passing through the
machine were determined by proportioning to the total hazelnut weight. To detect
the hazelnut kernels falling while passing through the machine, a cover was tied
under the screw conveyor and oscillating sieves of the machine. Product losses of
the hazelnut harvesting machine were calculated as a percentage (%).

2.2.6. Determination of Damaged Hazelnut Rate

It was determined by proportioning the number of hazelnuts with partially
broken shells or kernels to the total number of kernels taken per unit time from all
exit channels of the machine. The damaged hazelnut ratio of the hazelnut harves-
ting machine was calculated as a percentage (%).

2.2.7. Determination of the Efficiency of Separation of Foreign Materials

In each plot, dust, soil, branch parts, husked parts, leaf parts, and weeds in
the hazelnuts harvested by the machine were separated and weighed separately.
The weight of each element constituting the foreign materials was determined by
proportion to the total amount of material. All discarded material was collected by
tying a cover under the screw conveyor and oscillating sieves of the hazelnut har-
vesting machine. The efficiency of the hazelnut harvesting machine in separating
foreign materials was calculated as a percentage (%).

3. RESULTS AND DISCUSSION

As aresult of the experiments, it was determined how different orchard ground
conditions affected the performance characteristics (harvesting efficiency, field
productivity, kernel productivity, product losses, and foreign material separation
efficiency) of the hazelnut harvester with a mechanical harvesting unit. Harves-
ting efficiency, field productivity, kernel productivity and product losses obtained
as a result of the harvesting trials carried out with a hazelnut harvesting machine
with a mechanical harvesting unit under two different orchard ground conditions
are given in Table 2.
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Tablo 2. Performance values of hazelnut harvesting machine (average).

Cizelge 2. Findik toplama makinasinin performans degerleri (ortalama).

Performance values

Parameter (average)

0G1 0G2
Working width, (mm) 1600 1600
Harvesting unit width, (mm) 1200 1200
Working velocity, (m s™) 1.60 1.60
Harvesting efliciency, (%) 96.05 90.15
Labor equipment, (h ha) 8.624 9.839
Field productivity, (ha h™') 0.116 0.102
Kernel productivity, (kg h™') 778.72 739.76
The machine could not be harvested in the swept area, (%) 1.79 7.64
Hazelnuts are damaged as they pass through the machine, (%) 2.16 221

As can be seen from Table 2, the harvesting efficiency, field productivity, ker-
nel productivity and product losses of the hazelnut harvesting machine with 1600
mm working width and 1.60 m s working velocity in OG1 and OG2 plots were
determined as 96.05%, 90.15%; 8.624 h ha, 9.839 h ha'; 0.116 hah™, 0.102 ha h;
778.72 kg h'', 739.76 kg h''; 3.95%, 9.85%, respectively.

Again, as can be seen from Table 2, while the labor requirement of the hazelnut
harvesting machine in plot OG2 increased, it decreased in the field productivity
and kernel productivity values. It can be said that the change in the labor require-
ment and field productivity values of the machine is due to the increase in the sack
changing time due to the entry of foreign materials into the sack in the OG2 plot.
The kernel productivity is due to the hazelnuts that the machine could not harvest
in the area swept by the machine depending on the orchard ground. The total pro-
duct loss of the hazelnut harvesting machine in plots OGI and OG2 was determined
as 3.95% and 9.85%, respectively. These losses are either due to the hazelnuts that the
sweeper could not sweep in front of the total unit of the machine or due to damage
while passing through the machine. Especially in plot OG2, foreign materials such
as weeds, dry leaves, and branch parts, affected the sweeping of kernel + husked ha-
zelnut in front of the harvesting unit. As a reason for this, it was observed that most
of the product loss was caused by weed and branch parts. Most of these losses were
caused by hazelnut kernels found in the soil crevices and weed bottoms. Despite all
these, the harvesting efficiency and hourly capacity of the hazelnut picker in plot
OG?2 were found to be quite high. It has been observed that the hazelnut harvesting
machine with a mechanical harvesting unit works very easily and does not have any
problems even in orchards where there is no preliminary preparation for harvesting.
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It was observed that the hazelnuts damaged while passing through the machine
were in the form of kernel and shell cracking. While some of the damaged hazel-
nuts were poured from the lower auger to the area swept by the machine, a large
part of them were conveyed into the sack in the form of kernel and shell cracks.
It was determined that the hazelnuts that the machine could not harvest in the
area swept by the machine consisted of hazelnuts escaping from both sides of the
chain-finger harvesting system and hazelnuts falling from the lower auger of the
machine as kernels and damaged hazelnuts. It can be said that these losses can be
easily corrected after the design operations on the machine.

The distribution ratios of the foreign materials harvested by the machine and
placed in the sack are given in Table 3. During the harvesting trials, it was deter-
mined that the weed-covered surface area of the OG2 plot was approximately 86%,
and the hazelnuts harvested from the OGI and OG2 plots consisted of approxima-
tely 0.98% rotten and empty hazelnuts.

Table 3. Distribution of foreign materials harvested by the machine and placed
in the sack.

Cizelge 3. Makine tarafindan toplanan ve ¢uval igerisine gelen yabanci mater-
yallerin dagilim.

Rate, (%)
Foreign materials harvested by the machine

0Gl1 0G2
Soil 51.17 39.04
Dry leaf 2391 28.46
Branch part 7.03 20.75
Husk parts 8.46 9.09
Coarse powder 5.79 7.46
Dry grass 1.09 2.67
Empty hazelnuts and shells 2.55 1.53

As can be seen from Table 3, most of the foreign materials collected from the
OGI1 plot consisted of soil particles with 51.17%. It can be said that this is due to
the direct contact of the sweeper and collection chains with the soil and as a result
of this, the soil particles are taken into the machine. Especially soil particles larger
than 20 mm diameter pass through the cleaning unit and enter into the sack. Since
the surface of the OG2 plot was covered with weeds, the sweeper and collection
chains did not come into direct contact with the soil, and the rate of soil particles
taken into the machine remained low. In plot OG2, most of the collected foreign
materials (88.25%) consisted of branch parts, soil, and dry leaves.
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4. CONCLUSION

The hazelnut harvester with mechanical harvesting unit has shown that it can
harvest the product in the best way in a single pass both on the orchard ground
with ground preparation before harvesting and on the orchard ground without
ground preparation. As a result of the harvesting trials, it was determined that the
hazelnut harvesting machine with mechanical harvesting unit can easily harvest 1
ha area considering the daily working time (10 hours/day) in both orchard ground
conditions. Designing the sweeping unit, which sweeps the hazelnuts on the orc-
hard ground in front of the collection unit of the machine and turns them into a
windrow, in the form of brush-type sweepers can increase the sweeping efticiency
of the sweepers. Thus, there may be an increase in the harvesting efficiency of the
machine. In addition, it can be said that the kernel+ husked hazelnuts remaining
in the weed bottoms and soil crevices will be mobilized from where they are lo-
cated with this type of brush sweeper and swept into the area of influence of the
machine’s collection chains, thus reducing product losses from these areas. Having
a grassy orchard ground will not only increase the efficiency of the machine but
also reduce the rate of soil particles on the ground entering the machine. Thus, a
cleaner harvested product will be obtained and the rate of soil going into the sack
will also be reduced.

It can be said that due to the amount of foreign material coming into the sack
due to the soil characteristics in the OG2 plot, more foreign material will enter into
the hazelnut husker machine during the threshing of hazelnuts, which may cause a
change in the performance of the hazelnut husker machine.

As aresult, it was determined that the performance values of the mechanically
effective hazelnut harvesting machine were quite high in both orchard ground con-
ditions and that it could work very comfortably even in these conditions and did
not have any problems. The development of such machines suitable for our orchard
conditions will reduce the cost of hazelnut production as well as reduce the harves-
ting costs. Thus, to minimize the need for an intensive labor force and harvesting
costs, it is important to develop and put into practice systems and machines suitab-
le for the conditions of our country to be more effective in international markets.
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DEVELOPMENT OF RULE-BASED EXPERT SYSTEM FOR
VARIABLE COST AND GROSS PROFIT CALCULATIONS
OF AGRICULTURAL PRODUCTS: A CASE STUDY

ABSTRACT

Cost and gross profit calculations of agricultural products are a comprehensive
and difficult process. Many different parameters, such as soil cultivation, pruning,
spraying, irrigation, storage, drying, harvesting, transportation, and marketing,
need to be evaluated together. Currently, cost calculations of agricultural products
are made with classical programs and simple mathematical methods. For this re-
ason, the results vary depending on the person and organization making the eva-
luation. This creates some limitations, making cost planning, which is a dynamic
process, unreliable. In the study, a rule-based expert system was developed for the
cost and gross profit calculation of apricots. The expert system developed is called
Apricot Information System (APRIS). The developed expert system aims to provi-
de more accurate solutions by adding the precision and speed of the computer to
the calculation process. The main contribution of this study is the development of a
complete decision support set covering all processes from tillage to marketing and
the design of rule-based user-system interaction. The designed system found the
apricot variable cost calculation to be 1126.36 TL/da for 2020. This value largely
overlaps with the values obtained from the field in the previous year. The develo-
ped expert system will be a platform that can be used in cost calculations of many
agricultural products.

Keywords: Expert System, Apricot Information System, Cost Calculation,
Gross Profit Calculation.

ek

TARIM URUNLERINDE DEGISKEN MALIYET VE BRUT KAR
HESAPLAMALARINA YONELIK KURAL TABANLI UZMAN
SISTEMIN GELISTIRILMESI: BIR ORNEK OLAY iINCELEMESI

0z

Tarim driinlerinin maliyet ve briit kar hesaplamalar1 kapsamli ve zor bir sii-
regtir. Topragin islenmesi, budama, ilaglama, sulama, depolama, kurutma, hasat,
nakliye ve pazarlama gibi bir¢ok farkli parametrenin bir arada degerlendirilmesi
gerekmektedir. Giiniimiizde tarim {riinlerinin maliyet hesaplamalar1 klasik prog-
ramlar ve basit matematiksel yontemlerle yapilmaktadir. Bu nedenle sonuglar de-
gerlendirmeyi yapan kisi ve kurulusa gore farklilik gostermektedir. Bu durum bazi
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sinirlamalar yaratarak dinamik bir siire¢ olan maliyet planlamasini giivenilmez
hale getirir. Caligmada kayisinin maliyet ve briit kir hesaplamast i¢in kural tabanlt
bir uzman sistem gelistirilmistir. Gelistirilen uzman sisteme Kayis1 Bilgi Sistemi
(APRIS) ad1 verilmektedir. Gelistirilen uzman sistem, hesaplama siirecine bilgisa-
yarin hassasiyetini ve hizin1 da ekleyerek daha dogru ¢oztimler sunmay: amagla-
maktadir. Bu ¢alismanin temel katkisi, toprak islemeden pazarlamaya kadar tiim
stiregleri kapsayan eksiksiz bir karar destek setinin gelistirilmesi ve kural tabanl
kullanici-sistem etkilesiminin tasarlanmasidir. Tasarlanan sistemde kayis: maliyeti
2020 y1li i¢in 126,36 TL/da olarak bulunmustur. Bu deger gecen yil sahadan elde
edilen degerlerle bityiik olgiide ortismektedir. Gelistirilen uzman sistem birgok
tarim triiniiniin maliyet hesaplamalarinda kullanilabilecek bir platform olacaktir.

Anahtar Kelimeler: Uzman Sistem, Kayis: Bilgi Sistemi, Maliyet Hesabi, Briit
Kar Hesabu.

ik

1. INTRODUCTION

Crop yield and cost estimation in the agricultural sector is a fundamental task
for decision-makers at national and regional levels (e.g., EU level) for rapid de-
cision-making ( Klompenburg et al., 2020 ). Internet of Things, Big Data, Arti-
ficial Intelligence, Expert System, Cloud Computing, Remote Sensing, Machine
Learning, etc. Using technologies such as this OR the use of technologies can) can
significantly increase the efficiency of agricultural activities (Zhai, 2020). The dif-
ference between the expert system and other techniques is that it uses the defined
information at hand, not algorithmic models.

Expert systems, an artificial intelligence technique, have a wide range of uses
in many areas of computer technology. In other words, expert systems are used for
every field where information is actively used.

Agricultural production is rapidly changing towards smart agricultural sys-
tems, driven by the fast pace of technological developments (Janssen et al., 2017;
Tzounis et al., 2017; Kamilaris and Prenafeta-Boldd, 2018; Zhai, 2020; Verdouw et
al., 2021). Expert systems hold promise for bringing smart farming to new levels
of farming productivity and sustainability. Because in such systems, knowledge is
transferred from real-life expertise, appropriately represented, and organized in
a knowledge base (Mostafa et al., 2022). However, there are likely to be broader
impacts resulting from the digitalization of agricultural innovation systems (Fielke
et al,, 2020). Agricultural knowledge and expert systems are important compo-
nents of agricultural innovation systems. The proposed benefits of expert systems
in agricultural applications focus on increased efficiency through precision mec-
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hanization, automation, and improved decision-making. However, emerging Al in
agricultural applications is also likely to create solutions for agricultural stakehol-
ders as it learns to grasp new ways of working.

When we look at agricultural studies on expert systems that have applications
in many different fields, (Musleh and Abu Naser, 2000) developed an expert system
to ensure accurate diagnosis and treatment of potato disease. The expert system
proposed for potato disease has diagnosed 11 potato diseases. (Ustiin and Bayto-
run, 2003) have developed an expert system that determines the live and fixed lo-
ads on the greenhouse for people who want to build a greenhouse, and minimizes
material loss for display elements of different sizes used in the truss system. (Shah-
zadi et al., 2016) developed an expert system integrated with IoT technology that
predicts irrigation and disease damages in cotton products and guides farmers.
(Cayli and Temizkan, 2018) developed an expert system to determine the effect
of cover material and heat-saving measures on the heating load in greenhouses
for the Kahramanmaras region. (HeiB et al., 2021) have designed a fuzzy expert
system that evaluates the environmental damage associated with variable nitrogen
rates in the fertilization used by farmers.

According to the Food and Agricultural Organization (FAO) data, apricots,
which are produced in a wide area around the world, were produced in 562,475
hectares of land worldwide in 2020. Turkey is the world’s highest apricot producti-
on area, with a rate of 23.60% and a production area of 132,748 hectares. According
to the data of the International Hazelnut and Dried Fruit Council (INC), when
dried apricot-producing countries are examined, Turkey ranks first in the world
dried apricot production with a share of 57.34%, while Malatya province produces
85-90% of Turkey’s dried apricot production. It is the dominant sector that keeps
the provincial economy alive due to the high production values it provides.

In the study, it was aimed to design the apricot information system with the
rule-based expert system technique and thus calculate the cost and gross profit.
The developed software is a rule-based, modular, fast-reporting, dynamic, and up-
to-date platform that is free from incorrect and missing data problems. This article
aims to increase clarity regarding potential impacts on apricot production systems,
institutional norms and governance, considering interactions between technologi-
cal developments and existing stakeholders.

The main contributions of this study can be summarized as follows;

1. Development of a user-system interactive APRIS expert system for apricot
cost calculation and production planning.
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2. Development of a complete decision support set covering all processes
from tillage to marketing.

3. Creating a digital database where all data related to apricots are stored.

The organization of this study is as follows: Section 2 presents the material and
method for the rule-based expert system. Section 3 describes the proposed APRIS
approach and design, and Section 4 concludes the work.

2. MATERIALS AND METHODS

2.1. Data Set and Study Region

In the model, supported by the General Directorate of Agricultural Research
and Policies (TAGEM) and carried out at the Apricot Research Institute (KAEM),
Data obtained from the field were used with the project named ‘Determination of
Dried Apricot Production and Marketing Efficiency in Malatya Province’ with
project number TAGEM / TEPAD / A/20/ A8/ P1/5015. These data were obtai-
ned through a face-to-face survey with 15 farmers in 2020. Land data was entered
into the system by classifying it as 5 large (40 da and above), 5 medium (20-40 da)
and 5 small (1-20 da).

For software, the software development platform Microsoft Visual Studio,
software language .net framework MVC, C#, database, MSSQL for graphic design,
and Photoshop and Illustrator were used.

2.2. EXpert System

Artificial intelligence is using computers to perform human characteristics
such as acquiring information, thinking, making decisions, benefiting from past
experiences, and establishing cause and effect relationships. Expert systems are
one of the sub-branches that make up artificial intelligence (Babalik, 2000). The
knowledge engineering part of artificial intelligence includes expert systems (Gu-
tierrez and Branch, 2011). Therefore, it is also known as decision support systems
or information application systems. They are well suited to problems that require
experience, knowledge, judgment, and a complex, interactive process to arrive at
a workable solution (Winstanley and Courvalin, 2011). Because in such systems,
knowledge is transferred from real-life expertise, represented, and appropriately
organized in a knowledge base (Mostafa et al., 2022). Although expert systems
have different design methods, the method of the rule-based expert system used in
the article is shown in Figure 1 (Negnevitsky, 2005).
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User Interface
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Figure 1. Rule-based expert system diagram

The rule-based expert system method consists of 5 main elements. These are
the database, rule base, explanation unit, logical inference engine, and user inter-
face (Negnevitsky, 2005).

The Rule Base consists of expressions and rules that define the work on the
subject of the problem, showing the knowledge of the expert. The knowledge base
is prepared by working together with an expert in one or more fields and a knowle-
dge engineer. The knowledge engineer creates a knowledge base of the knowledge
and experience of the expert who will be consulted in solving the identified prob-
lem. The information in the knowledge base is expressed with rules in the form of
IF... THEN (Cetinyokus et al., 2010).

Database is the area where the data forming the IF (condition) section of the
rules in the form of IF... THEN the knowledge base is kept (Negnevitsky, 2005).
Databases occupy more space in the system by holding all kinds of data and
creating the memory of the expert on the subject. The knowledge base works
towards solving the problem by using the query and reasoning features of the
data in the database.

Logical Inference Engine is a piece of code coded by the knowledge engineer
that covers the core of the expert system structure, which operates the system on
the lowest level information, makes inferences by looking at the data it accesses
through the database and knowledge base, and provides solutions to defined prob-
lems (Golanski and Madrzycki, 2015).
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User Interface enables two-way communication between the user and the ex-
pert system (Angeli, 2010). It is also thought that the expert system facilitates the
use of users, developers, and administrators (Abraham, 2005).

2.3. Apricot Production and Cost Elements

Although there are more than 1750 apricot varieties and hybrids in the world
today, the number of apricot varieties grown economically in each country does not
exceed 5-10 (Demirtas et al., 2011). Apricot cultivation is carried out by following a
series of processes, as in the production of other agricultural products. The process
begins with soil cultivation and continues with harvesting and post-harvest opera-
tions. Apricot production and marketing stages are shown in Figure 2.

Figure 2. Apricot production and marketing stages

The economic problem of an agricultural enterprise can be summarized as the
problem of achieving a certain goal under certain technology, market, and resource
constraints. It is possible to express the long-term economic problem of a business
that produces in input and output markets where perfect competition conditions
prevail and whose aim is profit maximization (in cases where the production tech-
nology is fixed but all production inputs are variable), with the following solution:

Maximum K =PQQ - PXX (1)

AxnaPy xny

Restrictions Q = f(X) _’uqﬂ—rquﬂ, " PX, PQ (2)
PQ = (pql, pq2, ........ , pqn) (3)
Q=(ql,q2, ..ccceevvvnue, ) (4)
Px = (px1, px2, ......... , pxm) (5)
X=(x1,%X2, ....eonvneens, XIM) (6)
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In the equation, K: Snow amount; Q: Production quantities vector; X: Input
usage vector; f: Production functions or technology matrix; Px: Input prices vec-
tor; PQ: Output prices vector; *: Denotes optimum values.

The fact that some of the inputs of the business are limited or fixed in the short
term and that perfect competition conditions do not apply in the input or output
markets does not change the basic structure of the algebraic expression above but
makes it more complex. In the short term, resource constraints such as xI=kI or
xI<k should be added to the constraints, and if prices can be affected by business
production, relevant factor, and product demand functions should be substituted
instead of fixed input and output prices.

The cost elements used in the study are defined in two classes, depending on
their variable or fixed character, and are shown in Table 1.

Table 1. Fixed and variable costs in production (Aslan, 2013).

Variable Costs Fixed Costs

Fixed Capital Interest
Seed, Seedling
(Machine, building, etc.)

Depreciation of Fixed Capital
Fertilizer, Lime etc.
(Machine, building, etc.)

Agricultural Control Medicine Insurance
Fuel, oil, repair-maintenance
Tax (Except income tax)
Variable costs of the machine such as
Temporary Worker Wage Land Rent
Machine Rent Permanent Labor Wages
Irrigation Fee
Product Insurance
Marketing Expenses

Interest on Variable Costs

(Revolving Fund Interest)

Payments for Lump Sum Works
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3. PROPOSED METHOD AND DESIGNED SOFTWRARE

The block diagram of the APRIS expert system is shown in Figure 3(a). It is de-
signed to identify the problem and determine the requirements, analyze the system
needs and functions in detail, create the database and knowledge base, perform
coding for logical inference, interface design, test it with data obtained from the
field, and solve the problem.

Problem POPULATION
Determnaton PRy T
| TOOL - MACEDNE IRGATION
s L) mME s PASTICDE U2
| | DNSURANCE MINNG
BAXVEST
1 Ans
Intadtace ace
Design
l s
E AMDOTLATR. cosT
+
some pr—
(a) (b))

Figure 3. (a) Block diagram of the expert system, (b) APRIS modular structure

The defined problem is real-time analysis of apricot data for agricultural en-
terprises and farmers, making cost and gross profit calculations and planning pro-
duction with the obtained digital data. A modular structure was planned to solve
the problem at hand, and the requirements needed for each module were designed
as seen in Figure 3(b). For the APRIS system, the Interface design stages are pre-
sented in Section 3.1, the design of the Information base and the created rules and
database design are presented in Section 3.2, and the Data Analysis and Cost and
Gross Profit Calculation are presented in Section 3.3.

3.1. APRIS Interface Design

In the developed system, the user interface allows the application to commu-
nicate with the user. If the user needs to control the developed knowledge base, he
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can add or remove new rules, run the rules in the knowledge base, and solve the
problems with the results obtained by the logical inference engine. It also makes it
easier for users, developers, and administrators to use.

Administrator Sheet e

Welcome to Apricot Information System

Cost sheet

riame ana apricat <y

)y

Figure 4. Data input interfaces of modules.

In the interface design, the Admin Module interface containing User, Cost,
Gross Profit modules for Administrators and Developers in Figure 4(a), Figure
4(b) shows the User Module interface that enables enterprises or farmers to per-
form Population Demography, Tools - Machinery, Maintenance Operations, Sup-
port, Insurance, Harvest and Product user transactions, and Figure 4(c) shows
Cost and Gross Profit Calculation, which is the subject of the study. The Cost Cal-
culation Module interface, where the transactions take place, and the Gross Pro-
fit Calculation Module interfaces are designed in Figure 4(d). The design focused
especially on making APRIS software easy to use and accessible for, who are its
most important stakeholders. In this way, practical and fast access to information,
efficiency, and complex tasks are ensured by avoiding designs that would tire the
user and cause a loss of time.

3.2. APRIS Knowledge Base Design

Expert systems aim to accumulate the knowledge and experience of experts
in a field in order to solve the problem in a real and fastest way. This collected
information forms the knowledge base. APRIS knowledge base was prepared in
line with the information obtained from KAEM staff and academicians of MTU
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Faculty of Agriculture, Department of Agricultural Economics. APRIS knowledge
base consists of 180 rules. Rule examples are prepared in Table 2, and the pseu-
do-code block representing these rules is presented in Table 3.

Table 2. APRIS knowledge base sample rules.

Rules created according to the IF... THEN............ELSE structure

Rule 1 Rule 2

If irrigation is done; If irrigation is done;

And if the irrigation type is drilling, And if the irrigation type is drilling,

And if the irrigation number is less than 6, And if the watering time is less than 6 hours,
Then the irrigation frequency should be 6. Then watering should be done at 6 oclock.

Table 3. Knowledge base pseudocode.

choose irrigation type

If (irrigation type== drilling or Cooperative && irrigation quantity (<6 or >6)) then

Irrigation Quantity=6;

Irrigation Cost = (Irrigation Quantity * Labor Time / 8 * Labor Per Diem * Number of Workers) +
(Fuel Liter Price * Fuel Liter per Decare) + (Paid to the Cooperative) + (Electricity Fee) + (Other
Expenses);

Else If (irrigation type== (drilling or Cooperative) && irrigation hour (<6 or >6)) then

Watering Hour =6;

Irrigation Cost = (Irrigation Quantity * Labor Time / 8 * Labor Per Diem * Number of Workers) +
(Fuel Liter Price * Fuel Liter per Decare) + (Paid to the Cooperative) + (Electricity Fee) + (Other
Expenses);

Endif

Databases are areas where structured information or data is stored. It is pos-
sible to define a database simply as a system consisting of more than one table
(relationship). The APRIS relational data model, which is the subject of the study,
consists of 32 tables that provide modular design.

3.3. APRIS Cost and Gross Profit Calculation

In this section, cost and gross profit calculations, which are the main purpose
of the article, were carried out by processing the information from the database
and the rules in the knowledge base in the inference engine, which is the last stage
of expert systems.
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3.3.1. Apricot Cost Calculation

The cost of apricots was calculated by processing the data obtained from 15 far-
mers through a face-to-face survey and the rules created in the information base.
The flow diagram of cost calculation is presented in Figure 5.

Start

+
Select Transaction
Year
+

Pull preducer's harvest,
ploughing, fertilizer,
irrigation, pruning,

spraying, support and
insurance data

i

Add up post-harvest
costs

Add up Plowing Costs

—————+ Add Up Spraying Costs
+ u
Add up Fertilizer Costs Add up all Support
prices
* :
Add up Irrigation Costs Calculate Premium
prices frem insurance
i data
Add Up Pruning Costs

Add up all costs and subtract the
upport price
(Calculated Cost = All Costs -
Support Price)

o F Register in the
ot o DL oV
Demographics? Demographics.
T
T Daoes the producer’s
have cost in the
transaction year?
L F

Open new record
in variable cost module

1

Total Variable Cost=
Calculated Variable Cost

1

Apricot Variable Cost =Total
Variable Cost
/ Total Decares

il

Finish

Find to update record

Figure 5. Variable costs calculation flow chart (Erkus et al, 1995).
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In Table 4, annual calculations were made for the apricot area (da), number of
apricot trees, variable costs (}/da), and average regional variable costs (b/da) in the
expert system cost calculation module. Farmers were included in the system, and
the 2020 apricot variable cost was found to be 1126.36 (TL/da).

Table 4. Cost calculation results and comparison.

Statistical Methods Expert System Method (APRIS)

Average Average
Apricot Number Variable  Region Apricot Number Variable  Region
Land of Costs Variable Land of Costs Variable

(Da) Trees (TL/Da) Costs (Da) Trees (TL/Da) Costs
(TL/Da) (TL/Da)
Farmer 1 15 250 780,43 1252,89 15 250 780,43 1126,36
Farmer 2 12 160 1452,11 1252,89 12 160 1452,11 1126,36
Farmer 3 10,5 120 924,55 1252,89 10,5 120 924,55 1126,36

In the study, fixed costs were not taken since the system calculates the gross
profit. Variable expenses were used to find gross profit. Rental prices in the region
were taken into account in the expenses incurred.

3.3.2. Gross Profit Calculation

The gross production value (GPV) of the enterprises was calculated with the ap-
ricot, seed, and wood sales information obtained from the farmers. The annual costs
of these enterprises were subtracted from their annual GPV totals, and after this
process, their gross profits were calculated by dividing them by the apricot land (da)
of the enterprise. The main steps of calculating gross profit are explained in Figure 6.
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Figure 6. Gross profit calculation flow chart.

As seen in Table 5, the gross profit page is drawn from the data entered by
farmers into the system; Name and surname, variable costs (b), total product sales
price gross profit (b/da) are calculated and listed. Gross profits of businesses per
decare are calculated on a business-by-business basis, as seen in the Gross Margin

Column of Table 5.

Table 5. Gross profit calculation results and comparison.

Statistical Methods Expert System Method (APRIS)
Variable Total Gross Variable Total Gross
Costs Product Margin Costs Product Margin
(TL) Sales Price  (TL/Da) (TL) Sales Price (TL/Da)
Farmer 1 30087,91 4675 -473,48 30087,91 4675 -423,55
Farmer 2 9458,9 7210 -321,21 9458,9 7210 -281,11
Farmer 3 25586,28 16700 -260,12 25586,28 16700 -222,16
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CONCLUSIONS

APRIS is a platform where farmers are authorized to access the system and
enter their own data into the system in real-time. This study aims to reveal a stru-
cture in which producers can instantly monitor the recently increasing input costs
and operate price mechanisms in cost calculations. It also provides up-to-date data
flow to institutions making production planning. The module’s feature will crea-
te an important platform for a system that can prepare reports on issues such as
cost calculations of other agricultural products, yield calculations, determination
of tree availability, and the effects of climate change. The designed APRIS expert
system is an artificial intelligence-based application that can provide fast and ac-
curate answers and provide solutions to problems that may arise with incorrect or
incomplete data. The fact that the developed application has high reasoning power
and a good memory prevents incorrect data entry and miscalculations.
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FARKLI YETISTIRME ORTAMLARINA UYGULANAN MiKROBIYAL
KARISIMIN ANADOLU KESTANESINDE (Castanea sativa MiLL.)
FIiDAN KALITESI UZERINE ETKILERI

0z

Bu ¢alismada farkli yetistirme ortamlarina uygulanan Rhizopogon, Glomus,
Trichoderma ve Pseudomonas cinslerine ait mikroorganizmalardan hazirlanmus ti-
cari mikrobiyal karigim uygulamasinin Anadolu kestanesi fidaninin yagama orani
ve bazi morfolojik 6zellikleri {izerine etkileri incelenmistir. Ayrica, Anadolu kes-
tane fidanlarinda mikoriza agilama etkinligi ve mikorizal enfeksiyon orani belir-
lenmistir. Caligmada, herhangi bir islem ve sterilizasyon uygulanmayan kontrol
(M-), sterilizasyon iglemi (S) ve mikrobiyal karisim uygulamas: olmak tizere 3 is-
lem ile orman topragy, torf, orman topragi+torf (1:1, v/v) ve kestane toprag: olmak
lizere 4 farkli yetistirme ortami denenmistir. Yapilan ¢aliyma sonucunda; fidan
boyu 17.07-22.20 cm, kok bogazi ¢ap1 5.33-7.07 mm, fidan boyunun kok bogazi
capina orani (giirbiizliik indisi) 28.60-37.20, stirgiin yas agirhig1 3.32-5.90 g, kok
yas agirhigi 4.70-9.07 g, toplam fidan yas agirlig1 8.32-13.42 g, siirgiin kuru agirlig:
1.72-3.23 g, kok kuru agirligr 1.87-5.55 g, toplam fidan kuru agirlig: 3.80-8.43 g,
katlilik indisi 0.34-1.04, Dickson kalite indeksi 0.80-2.22, ortalama enfeksiyon ora-
n1 %16.17-31.25 ve fidan yasama oranlar1 %94.37-98.61 araliginda bulunmustur.
Mikorizal agilama etkinligi en diigiik (%2.38) mikrobiyal karisim uygulanan kesta-
ne topraginda, en yiiksek (%29.54) mikrobiyal karisim uygulanan torf ortaminda
tespit edilmistir. Mikorizali mikrobiyal karisim uygulanan ortamlarin mikorizal
enfeksiyon orani (%30.88), herhangi bir islem uygulanmayan ortamlarin enfek-
siyon oranindan (%14.46) istatistiksel olarak 6nemli diizeyde yiiksek bulunmus-
tur. Yetistirme ortamlari karsilastirildiginda en yiiksek mikorizal enfeksiyon orani,
aralarinda istatistiksel fark olmayan torf (%31.25) ve orman topraginda (%26.25)
tespit edilmistir. Yapilan bu ¢alismada mikrobiyal karigim uygulanan orman topra-
&1 ve mikrobiyal karisim uygulanan orman topragr:torf (v:v; 1:1) ortaminda fidan
yetistirmenin kestane fidan gelisimi bakimindan uygun oldugu belirlenmistir.

Anahtar Kelimeler: Anadolu Kestanesi, Mikorizal Asilama Etkinligi, Enfeksi-
yon Orani, Morfolojik Ozellikler.
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EFFECTS OF MICROBIAL MIXTURE APPLIED TO DIFFERENT
GROWING MEDIA ON SEEDLING QUALITY IN ANATOLIAN
CHESTNUT (Castanea sativa MILL.)

ABSTRACT

In this study, the effects of a commercial microbial mixture, prepared from
microorganisms belonging to the Rhizopogon, Glomus, Trichoderma, and Pseudo-
monas genera, applied to different growing media on the survival rate and some
morphological characteristics of Anatolian chestnut seedlings were examined. Ad-
ditionally, mycorrhizal inoculation efficiency and mycorrhizal infection rate were
determined in Anatolian chestnut seedlings. In the study, three treatments inclu-
ding the control treatment without any process and sterilization (M-), sterilization
process (S), and application of microbial mixture (M+), and 4 different growing
media as forest soil, peat, forest soil + peat (1:1, v/v) and chestnut soil were tested.
In the study; seedling height 17.07-22.20 cm, root collar diameter 5.33-7.07 mm,
seedling height to root collar diameter ratio (the sturdiness index) 28.60-37.20,
shoot fresh weight 3.32-5.90 g, root fresh weight 4.70-9.07 g, total seedling fresh
weight 8.32-13.42 g, shoot dry weight 1.72-3.23 g, root dry weight 1.87-5.55 g,
total seedling dry weight 3.80-8.43 g, shoot-root ratio 0.34-1.04, Dickson quality
index 0.80-2.22, average infection ratios 16.17-31.25%, average seedling survi-
val rate 94.37-98.61% were determined. Mycorrhizal inoculation efficiency was
found to be the lowest (2.38%) in the chestnut soil where the microbial mixture
was applied and the highest (29.54%) in the peat medium where the microbial
mixture was applied. The mycorrhizal infection rate of the media where the my-
corrhizal microbial mixture was applied (30.88%) was significantly higher than
that of the media without any treatment (14.46%). When the growing media were
compared, the highest mycorrhizal infection rate was detected in peat (31.25%)
and forest soil (26.25%), with no statistical difference. In this study, it was deter-
mined that growing seedlings in microbial mixture applied forest soil and mic-
robial mixture applied forest soil:peat (v:v; 1:1) media are suitable for chestnut
seedling development.

Keywords: Anatolian Chestnut, Mycorrhizal Inoculation Efficiency, Infection
Rate, Morphological Characteristics.
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1. GIRIS

Tiirkiyede agaglandirma ¢alismalarinda kullanilan fidanlarin tamamina yakin
Orman Genel Mudirligii fidanliklarinda tiretilmektedir (Parlak ve Giiner, 2017).
Tiirkiye'nin 6nemli orman agaci tiirlerinden biri de kestanedir. Orman amenaj-
man planlarina gore kestane ormanlar: yaklasik 81.232 ha alanda yayilis goster-
mektedir (OGM, 2020). Diinyada Castanea cinsinin 9 tiirii bulunmaktadir. Cas-
tanea cinsinin tilkemizde dogal olarak yayilis gosteren tek tiirii Castanea sativa
Mill. (Anadolu kestanesi)dir (Tuttu ve ark., 2021). Anadolu kestanesi, ¢ok ¢esitli
kullanim alanlar1 nedeniyle ekonomik degeri yiiksek bir tiirdiir ve orman kéy-
listiniin 6nemli gegim kaynaklar1 arasindadir. Kerestesi yaninda meyveleri gida
olarak titketilmekte ve sanayide farkli amaglarla kullanilmaktadir. Odun ve kabu-
gundan dericilikte kullanilan tanen maddesi elde edilmektedir (Bozkurt ve Goker,
1996). Yogun gigeklerinden dolay: bal ormanlarinin kurulmasinda kullanilan ve
gigeklerinden ¢ay yapilan agac tiirlerindendir. Kestane ormanlari, uzun yillar hem
diinyada hem de iilkemizde abiyotik ve biyotik sorunlarla kars1 karstyadir. Biyotik
sorunlarin basinda kestane kanseri, miirekkep hastalig, Phytophthora kok ve kok
bogaz1 ¢iiriikliigii, tomurcuklarda gal arisi, meyvelerde kestane i¢ kurdu ve kirpi
giivesi gibi etmenler sayilabilir (Akyiiz ve Serdar, 2020). Bu hastalik ve zararhlar
nedeniyle IPGRI, FAO ve WWF gibi kuruluslar tarafindan nesli tehlikede olan tiir-
ler sinifinda yer almaktadir. Bu ytizden Anadolu kestanesi tiiriinde saglikli ve iyi
gelismis fidanlar yetistirmek biiyiik 6nem tasimaktadir. Fidan tiretim asamasinda
yaganan kayiplar en 6énemli sorunlardan biridir. Bu sorunlarin baginda fidanlik
topraklarinin istenilen 6zellikleri tasimamasi gelmektedir. Tarim alanlarinda oldu-
gu gibi orman fidanliklarinda da kimyasal giibre kullanimy, topragin dogal yapisini
bozmaktadir. Yetistirme ortamy, fidan kalitesini ve tiretilen fidanin aga¢landirma
faaliyetlerindeki bagarisini 6nemli oranda etkilemektedir. Ayrica son yillarda fi-
danliklarda stres kosullarina dayanikliligi, fidan kalitesini ve sayisini artirmak
amaciyla biyolojik ve dogal materyaller kullanilmaktadir (Ayan ve ark., 2021).

Giiniimiizde bitkisel tiretimde degisik canli gruplarinin kullanimi giderek artis
gostermektedir (Koide ve Mosse, 2004). Mikroorganizmalarin kimyasal giibreler
ve pestisitlerin olusturdugu problemleri ¢c6zmede alternatif olarak kullanilmalar
oldukga yaygindir (Berg, 2009). Mikoriza ile ilgili caligmalar 6zellikle son 30-40 y1l
icerinde hiz kazanmistir. Bu dénem igerisinde 6zellikle bahge bitkileri yetistiricili-
gine ve tek yillik bitkilere yonelik ¢alismalara sik¢a rastlanmaktadir. Ormancilikta
kullanimi konusunda yapilan ¢alismalar ise sinirlidir. Ozellikle orman fidanlikla-
rinda mikorizal agilamanin kullanimi yeni bir uygulamadir ve Tiirkiyede bu konu
ile ilgili sinirli sayida ¢aligma yapilmistir. Pirlak (2012) Glomus caledonium ve G.
clarium mikoriza agilamasinin Laurus nobilis (defne) ve Ceratonia siliqua (kegi-
boynuzu) tiirlerinde fidan gelisimi ve yaz kurakligindan sonra fidan yasam oran-
lar1 tizerine etkisini incelemistir. Diger taraftan bazi orman fidanhiklarimizda sagh
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mese (Quercus cerris), karacam (Pinus nigra), Toros sediri (Cedrus libani) ve boylu
ardi¢ (Juniperus excelsa) tirlerinde fidan yetistirme tizerine mikorizalarin etkisi
konularinda arastirmalar yapilmistir (Tiifekei ve ark., 2016; Parlak ve Giiner, 2017;
Toprak ve ark., 2017; Toprak ve ark., 2018; Denli ve ark., 2020). Yapilan ¢alisma
sonuglary; mikorizalarin fidanlarin saglikli ve giiglii kokler olusturmasinda, iyi bir
bitylime ve gelisme saglamasinda, strese karsi dayaniklilikta ¢ok 6nemli rol oyna-
digin1 gostermektedir (Pera ve ark., 1999; Baum ve ark., 2002; Dunabeitia ve ark.,
2004; Kibar ve Peksen, 2007; Tsimilli-Michael ve Strasser, 2008).

Trichoderma tiirleri, tizerinde en fazla calisilan ve mikrobiyal biyokontrol aja-
n1 olarak kullanilan fungus tiirlerinden biridir (Ozkale, 2017). Diinyada Tricho-
derma temelli ticari preparatlar, bitki patojenlerine kars: tiriin korunmasinda ve
bitki bityiime veya verimliligini arttirma amagh kullanilmaktadir. Ozellikle Py-
thium, Rhizoctonia, Fusarium ve Sclerotinia tiirleri gibi bitki patojenlerine karsi
kullanilmaktadir (Aydin, 2015). Baz1 Trichoderma tiirleri iyi bir antagonistik ye-
tenege sahiptir (Kredics ve ark., 2003). Bitkisel iiretimde Pseudomonas bakterileri
de biyolojik ajan ve biyogiibre olarak kullanilmakta olup, bitytimeyi tesvik ettigi,
verim ve kalite artis1 sagladig1 bildirilmektedir (Ipek ve ark., 2014; Atilgan ve ark,,
2019). Tayal ve ark. (2011) tarafindan yapilan ¢alismada Fusarium oxysporum ile
enfekte edilmis domates bitkilerinde hastalik yayilimini kontrol etmede Glomus fasci-
culatum, Trichoderma viride ve Pseudomonas fluorescens’in tek basina ve kombinasyon
halindeki etkinligi aragtirilmistir. Calismada 3 biyokontrol ajaninin bir arada kombinas-
yonunun domates bitkilerinde bityiimeyi destekledigi ve hastaliklar1 %94e kadar engel-
ledigi belirlenmistir. Yadav ve ark. (2015) yaptiklari galismada G. mosseae + A. laevis +
T. viride + P. fluorescens kombinasyonu ile ay¢iceginde yapilan agilama sonucunda
bitki boyu, siirgiin biyokiitlesi gibi incelenen tiim biiylime parametrelerinde mak-
simum artis elde edildigini bildirmislerdir.

Bu ¢alismada Anadolu kestanesi tohumlarina uygulanan mikrobiyal karisim
uygulamasinin ve farkl yetistirme ortamlarinin (torf, orman topragi, orman top-
ragi+torf (1:1, v/v) ve kestane topragi) fidanlarin bazi morfolojik 6zellikleri, fidan
yagsama orani, mikorizal asilama etkinligi (MAE) ve mikoriza enfeksiyon oranlar
tizerine etkisi belirlenmisgtir. Caliyma sonucunda orman fidanliklarinda mikrobi-
yal karisimli fidan iretimi konusunda bilimsel veri tiretilmesine ve tecriibe olus-
masina katkida bulunulmasi hedeflenmistir.

2. MATERYAL VE YONTEM
2.1. Materyal
Caligma, Dogu Karadeniz Ormancilik Arastirma Enstitiisii serasinda yirtitil-

mistiir. Denemede elde edilen fidanlarda mikoriza enfeksiyon teshisi Bat1 Akdeniz
Ormancilik Arastirma Enstitiisit Mudiirliigii laboratuvarlarinda gergeklestirilmistir.

ANAJAS, 2024, Cilt 39, Sayi 2, Sayfa 381-400



Yasemin ZENGIN, Aysun PEKSEN, Asuman ilkay KARGIDAN, Ozge DENLI, Hillya TURNA

Anadolu kestanesi (Castanea sativa Mill.) tohumlar1 ekim ayinda Pazar Orman
Isletme Miidiirliigii Ardesen Isletme sefligi tohum mesceresinden temin edilmis-
tir. Yetistirme materyali olarak kullanilacak olan orman toprag: Of Fidanligindan,
kestane topragi Trabzon Orman Bolge Miidiirliigii Tonya Orman Isletme Sefligi
Kale Mevkiinden, torf ise ticari bir firmadan temin edilmistir.

Kullanilan ticari mikrobiyal karisimin igerigi Cizelge 1'de verilmistir. Ticari
mikrobiyal karisim i¢inde ektomikoriza grubundan 3 adet Rhizopogon tiirii, arbiis-
kiiler mikoriza olan 3 adet Glomus tiirti, saprofit mantar olan 3 adet Trichoderma
tiirti ve bakteri olan 2 adet Pseudomonas tiirti bulunmaktadir.

Cizelge 1. Denemede kullanilan mikrobiyal karisimin igerigi

Table 1. Content of the microbial mixture used in the experiment

Mikrobiyal Karisim Mikroorganizma Gruplar: Miktar

Rhizopogon villosulus Ektomikoriza 118 Prop mL"
Rhizopogon amylopogon Ektomikoriza 116 Prop mL"!
Rhizopogon fulvigleba Ektomikoriza 127 Prop mL"
Glomus intraradices Arbuskiiler Mikoriza 78 Prop mL™
Glomus aggregatum Arbuskiiler Mikoriza 78 Prop mL"
Glomus mosseae Arbuskiiler Mikoriza 78 Prop mL"!

Trichoderma kongii

Trichoderma viride

Trichoderma harzianum

Saprofit mantar
Saprofit mantar

Saprofit mantar

2.500.000 cfu mL!
3.000.000 cfu mL*!
50.000.000 cfu mL*!

Pseudomonas putida Bakteri 100.000 cfu mL™!
Pseudomonas chlororaphis Bakteri 25.000 cfumL?
2.2.Yontem

Caligmada kontrol (M-) (herhangi bir islem ve sterilizasyon uygulanmayan),
sterilizasyon islemi (S) ve mikrobiyal preparat uygulamasi (M+) olmak {izere 3
islem ele alinmustir. Yetistirme ortamui olarak torf (T), orman toprag: (O), orman
topragi+torf (1:1, v/v) (OT) ve kestane toprag: (K) kullanilmistir. Caligmada islem
ve yetistirme toprag1 kombinasyonu olarak 12 uygulama incelenmistir. Sterilizas-
yon iglemi i¢in yetistirme ortamlar1 121°Cde 1.5 saat otoklav edilmistir. Yetistirme
materyallerinin fiziksel ve kimyasal 6zellikleri Dogu Karadeniz Ormancilik Aras-
tirma Enstitiisit Miidiirligi toprak laboratuvarinda belirlenmistir. Toprak analiz-
lerine ait sonuglar Cizelge 2de, torfla hazirlanan ortamlarin analizlerine ait sonug-
lar ise Cizelge 3’te verilmistir.
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Cizelge 2. Denemede kullanilan topraklarin fiziksel ve kimyasal 6zellikleri

Table 2. Physical and chemical properties of the soils used in the experiment

Fiziksel Analiz Kimyasal Analiz
Ort . Organik
ram  gKuym  Kil Toz ! pH  CaCO, ECx10°25°C
Tekstiir Madde
(%) (%) (%) (1/2.5) (%) (mS cm)
(%)
K 65 16 19 Kumlu Balgik 59 0 5.6 0.04
SK 64 16 20 Kumlu Balgik 4.8 0 3.9 0.03
(@] 61 18 21 Kumlu Balgik 4.7 0 22.0 0.03
SO 57 20 23 Kumlu Killi Balgik 4.6 0 21.8 0.03

K: Kestane topragi, SK: Steril edilmis kestane topragi, O: Orman topragi, SO: Steril edilmis orman toprag:
Cizelge 3. Denemede kullanilan torf ve torfla hazirlanan yetistirme ortamlari-
nin fiziksel ve kimyasal 6zellikleri

Table 3. Physical and chemical properties of the peat and the growing media pre-
pared with peat used in the experiment

Ateste  Ozgiill ~ Hacim . Hava Su
Porozite . o H EC CaCO,
Ortam  Kayip Agirhk  Agirhk Kapasitesi ~ Kapasitesi

(%) (1/2.5)  (1/2.5) (%)

%)  (gem?) (glt) (%) (%)
T 93 1.23 103 85 29 60 5.2 0.2 0
ST 93 1.43 99 87 34 57 5.0 0.4 0
oT 46 2.13 208 81 31 50 5.6 0.3 0
SOT 41 1.89 217 78 32 46 52 0.2 0

T: torf, ST: steril torf, OT: orman+torf karigimi (1:1, v/v), SOT: steril orman+torf karigimi (1:1, v/v)

Bitki besin elementlerinden; Na, K, Ca, Mg, P ve N elementlerine ait analizler
Orman Toprak ve Ekoloji Aragtirma Enstittisti Midiirliigt toprak laboratuvarin-
da yapilmistir. Bitki besin elementlerinden; N (azot) Kjeldahl metodu, fosfor (P)
ve sodyum (Na) Bray Kurtz yontemi, potasyum (K) Flame Fotometrik metodu,
magnezyum (Mg) ve kalsiyum (Ca) AAS metodu ile analiz edilmistir. Bitki besin
elementlerine ait sonuglar Cizelge 4’te verilmistir.
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Cizelge 4. Denemede kullanilan yetistirme ortamlarinin mineral igerikleri

Table 4. Mineral contents of the growing media used in the experiment

Ortam N p K Ca Mg Na
(%) (mgkg')  (mgkg") (mgkg")  (mgkg")  (mgkg")
K 0.11 1.82 106 565 288 10
SK 0.12 335 106 725 261 10
O 0.55 1.79 134 371 141 14
SO 0.49 451 140 466 219 26
T 1.10 9.65 50 10523 868 196
ST 1.12 14.58 39 15204 1072 146
or 0.76 20.00 104 5861 576 73
SOT 0.68 43.62 121 4740 473 54

K: Kestane topragi, SK: Steril edilmis kestane topragi, O: Orman topragi, SO: Steril edilmis orman topragy, T: torf, ST:
steril torf, OT: orman+torf karigimi (1:1, v/v), SOT: steril orman-+torf karigimi (1:1, v/v)

Anadolu kestanesi tohumlari ekim ayinda toplanilmis ve ekim zamanina kadar
+4°Cde %6-8 rutubette Of Fidanlig1 soguk hava deposunda kapali kaplar icinde
muhafaza edilmistir. 24 gozli fidan kaplar1 %1°lik HClden gegirilerek yiizey ste-
rilizasyonlar1 gerceklestirilmistir. Deneme desenine gore hazirlanan yetistirme
ortamlar1 24 gozlii fidan kaplarina doldurulmustur. Oncelikle tohumlar suda yiiz-
diirme yontemiyle bos, sagliksiz ve kurtlu tohumlardan temizlenmigtir. Daha son-
ra %30’luk H,0,de 30 dakika siiresince tutulup ve steril suda iyice ¢alkalanarak
tohumlarin yiizey sterilizasyonlar1 gerceklestirilmistir (Kibar ve Peksen, 2016).
Mikrobiyal uygulama i¢in tohumlarin bir kismu ticari firma tarafindan 6nerilen
sekilde (1 litre suya 1 ml mikrobiyal karigim ilave edilerek) hazirlanan solis-
yonda 5 dk bekletilerek mikrobiyal karigim ile asilama iglemi gerceklestirilmistir.
Tohumlarin kurumalar: beklenilmis ve deneme desenine gore her bir goze elle
tohum yerlestirilerek aralik ayinin ilk haftasi tohum ekimi yapilmigtir. Cimlen-
me tamamlandiktan sonra daha 6nce mikrobiyal karisim ile muamele edilmis
tohumlarin bulundugu fidan tiiplerine; dikkatlice kok kismina niifuz edecek ge-
kilde her fidana esit miktarda (100 ml olacak sekilde) 3 hafta ara ile 2 kez daha
asilama islemi tekrarlanmistir.

Tohum ekiminin yapildig1 yilin sonunda 1 yasindaki fidanlardan her islem
parselinden rastgele 20 fidan segilmistir. Dogu Karadeniz Ormancilik Aragtirma
Enstitiisit Madirlugii binyesindeki laboratuvarda tiiplerden dikkatli bir sekil-
de sokiilerek fidanlarda morfolojik élgiimler yapilmistir. Ol¢iimler yapilmadan
once fidanlar tiiplerden dikkatlice ¢ikarilarak, kokler su ile yikanarak toprak-
tan arindiridmistir. Kokler dikkatlice kagit havlu yardimiyla fazla suyu alinarak
kurutulmustur. Bu fidanlarda; fidan boyu (FB), kék bogaz: ¢apr (KBC), siirgiin
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yas agirligi (SYA), kok yas agirligi (KYA), toplam fidan yas agirligi (TFYA), stir-
giin kuru agirligi (SKA), kok kuru agirligr (KKA) ve toplam fidan kuru agirlig
(TFKA) belirlenmistir.

Katlilik Oran1 Indisi (KO): SKA/KKA, Giirbiizliik indisi (GI): FB (mm)/KBC
(mm) ve Dickson Kalite Indeksi (DKI): FKA/(GI+KO) hesaplanmustir. Fidan Yiiz-
desi (%) ve Bagyaraj ve ark. (1988)’nin gelistirmis oldugu formiil kullanilarak Mi-
korizal Asilama Etkinligi (MAE) belirlenmistir.

MAE (%) = (B-A) / Bx100

[A: Asilanmayan fidanin toplam kuru agirlig: (g), B: Asilanan fidanin toplam
kuru madde agirligi (g)]

Orneklerin mikorizal enfeksiyonlarinin belirlenmesinde Koske ve Gemma
(1989) tarafindan bildirilen bitki koklerinin temizleme ve boyama iglemleri ya-
pilmustir. Boyanan bitki kokleri, 1 cm uzunlugunda kesilmis ve her lamele 10 kok
gelecek sekilde lam tizerine dizilmistir. Kokler 151k mikroskobu altinda (Olympus
CX31) 400-1000 biiyiitmede incelenmistir (Giovannetti ve Mosse, 1980). Kok en-
feksiyonu asagida verilen formiile gore hesaplanmuistir:

% Enfeksiyon = 100*toplam mikorizali kok / toplam kok sayist

2.3. istatistiksel Analizler

Deneme Tesadiif Parselleri deneme desenine gore iig tekerriirlii olarak kurul-
mugtur. Deneme desenine gore 12 islem x 3 (tekrar)= 36 farkli deneme parseline
her bir parsele 48 (2 adet 24’liik kap) adet olmak {izere toplamda 36x48= 1728
adet tiipe tohum ekimi yapilmigtir. Bitkisel 6l¢iimlerde her tekerrir i¢in 20 fidanda
olgtim yapilmustir. Herhangi bir iglem ve sterilizasyon uygulanmayan (kontrol) ve
mikrobiyal karisim uygulanmis ortamlarin enfeksiyon oranlarinin varyans analizi
her uygulama i¢in 2 tekerriir tizerinden yapilmistir. Varyans analizlerinde, SPSS
paket programi kullanilmustir. Istatistiksel olarak farklilik gosteren ortalamalar
“Duncan Coklu Karsilagtirma” testine gore gruplandirilmistir.

3. BULGULAR VE TARTISMA

Anadolu kestanesi fidanlarinda mikrobiyal karigim uygulanmis ve uygulanma-
mis ortamlar ile steril edilmis ortamlar arasinda fidan boyu bakimindan istatistik-
sel fark bulunmamistir. Buna karsilik fidan boyu bakimindan ortamlar ve islem x
ortam interaksiyonun etkisinin istatistiksel olarak 6nemli oldugu belirlenmistir.
Yetistirme ortamlar karsilastirildiginda en yiiksek fidan boyu 21.76 cm ile OT or-
tamindan elde edilmistir. Bunu aralarinda istatistiksel fark bulunmayan O toprag:
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izlemistir. En diisiik fidan boyu ise 18.47 cm ile K topraginda saptanmistir. Islem x
ortam interaksiyonu bakimindan en yiiksek fidan boyu 22.20 cm ile MO ve MOT
karigimindan, en diigiik fidan boyu ise 17.07 cm ile herhangi bir islem uygulanma-
mis K topragindan elde edilmistir (Cizelge 5).

Caligmada ele alinan islem, ortam ve islem x ortam interaksiyonlarinin Anado-
lu kestanesi fidanlarinin kok bogazi ¢aplar: tizerine etkisi istatistiksel olarak 6nem-
li bulunmugtur. M+ ve S islemlerinden elde edilen kék bogazi ¢ap degerlerinin
herhangi bir islem yapilmamis kontrole (M-) gore istatistiksel olarak énemli dii-
zeyde ytiksek oldugu saptanmustir (Cizelge 5). Asif ve ark. (2013) tarafindan yiiri-
tillen ¢aliymada kok bogaz ¢apinin Pseudomonas fluorescens uygulanan fidanlarda
%9.81, Pseudomonas tinctorius uygulanan fidanlarda %16.87, Azobacter uygulanan
fidanlarda %13.70 ve Bacillus subtilis uygulanan fidanlarda ise %8.84 arttig1 belir-
lenmigtir. Yetistirme ortamlar: arasinda ise en yitksek kok bogazi cap degerleri,
O ortaminda yetistirilen fidanlardan elde edilmistir. Bunu OT ortaminda yetisen
fidanlarin kok bogazi cap degerleri izlemistir. Tiim uygulamalar incelendiginde; en
yiiksek kok bogazi gap1 7.07 mm ile SO uygulamasindan elde edilmis, bunu 6.87
mm ile MO uygulamasi izlemistir. En diisitk kok bogazi ¢api ise 5.33 mm ile ST
ortamindan elde edilmistir (Cizelge 5). TS 2265/Mart 1976 fidan standardina gore;
kapli fidanlarda 30 cm fidan boyuna sahip olan kestane i¢in en az 4 mm ¢ap, ¢iplak
kokli I. sinif kestane fidanlarinda ise 30 cm boyda en az 4 mm, 40 cm boyda 5
mm, 50 cm boyda 6 mm, 75 cm boyda 7 mm ve 100 cm boyda ise 8 mm ¢ap olmast
gerektigi bildirilmistir. Bu ¢aligmada tiim uygulamalardaki fidanlarin ¢aplar1 5.33-
7.07 mm arasinda degismistir. Yetistirme ortamlarinin steril edilmesi ve mikrobi-
yal giibre uygulamasi fidanlarin kok bogazi ¢aplarini artirmistir (Cizelge 5). Buna
gore bu proje kapsaminda yetistirilen Anadolu kestanesi fidanlarinin kék bogazi
¢ap1 bakimindan standartlarin oldukga tistiinde ve oldukea kaliteli olduklar: s6y-
lenebilir. Fidanlarin kék bogazi caplari, plantasyon basarisini dogrudan etkileyen
bir 6zelliktir. Boylu ve kalin ¢apl fidanlarin yaprak veya ibre miktar1 agisindan
daha zengin olduklari, daha kalin kesit yiizeyi ve yeterli kok sistemine sahip olmak
kaydiyla, daha fazla su emme ve tutma kapasitesine sahip olduklar: bildirilmistir
(Geng ve Yahyaoglu, 2007). Ayrica mekanik baskilara dayaniklidirlar. Bu 6zellikler
uzun boya ve kalin ¢apa sahip fidanlarin tutma bagarisini olumlu yonde etkilemek-
tedir (Rose ve ark., 1990; Geng ve Yahyaoglu, 2007).

Giirbiizliik indisi incelendiginde; islemler arasinda istatistiksel olarak dnemli
fark bulunmamustir. T ve OT ortamlarinda yetistirilen fidanlarn giirbiizliik indisi
degerleri, O ve K topraginda yetistirilen fidanlarin giirbiizliik indisi degerlerine
gore onemli diizeyde yiiksek bulunmustur. Tiim uygulamalar karsilastirildiginda
en yiiksek giirbiizliik indisi degeri (%37.20) ST ortaminda yetistirilen fidanlardan
elde edilmistir. Bunu %35.80 ile OT ortaminda yetistirilen fidanlarin giirbtizlitk
indisi degerleri izlemistir (Cizelge 5). Guirbiizlitk indisi Ingilterede ve Britanya
Uluslar Toplulugu iilkelerinde sik¢a kullanilan kalite gostergelerindendir. GI<50
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iyi fidan, 50<Gi<60 orta fidan ve GI>60 ise kotii fidan olarak kabul edilmektedir
(Yahyaoglu ve Geng, 2007). Bu ¢alismada fidanlarin giirbiizliik indisi degerleri
28.60 ile 37.20 arasinda degismekte olup, Ingilterede yapilan siniflandirmaya gore
tiim fidanlar iyi fidan kategorisinde yer almaktadirlar. Giirbiizliik indisi degeri kii-
¢iik olan fidanlarin dikim ve tasima zararlarindan daha az etkilendikleri, kar ve
diri ortii baskilarina daha dayanikli olduklar: ve dikimin ardindan daha hizl gelis-
tikleri bildirilmistir (Feyzioglu ve ark., 2010).

Siirgiin yas agirhigi bakimindan fidanlarin durumu karsilastirildiginda; islem-
ler arasinda istatistiksel fark bulunmazken, ortamlar ve islem x ortam interaksi-
yonu arasinda énemli fark tespit edilmistir. O ve OT ortamlarinda yetisen fidan-
larin stirgiin yas agirhigi degerleri diger ortamlardan daha yiiksek bulunmustur.
Interaksiyon degerleri incelendiginde; en yiiksek deger 5.90 g ile SOT uygulama-
sinda yetistirilen fidanlardan elde edilmistir. Bunu 5.40 g degeri ile MO uygulama-
sinda yetistirilen fidanlarin siirgiin yas agirlig1 degeri izlemistir. En diisiik degerler
ise sirastyla 3.58 ve 3.32 g ile K ve SK uygulamalarinda belirlenmistir (Cizelge 5).

Anadolu kestanesi fidanlarinin kok yas agirligi tizerine islemlerin, ortamlarin
ve bunlarin interaksiyonlarinin etkisi de istatistiksel olarak 6énemli bulunmustur.
Mikrobiyal karisim uygulamas: fidanlarin kok yas agirligi degerlerini artirmistir
(Cizelge 5 ve 6). Okaliptiis plantasyonlarinda Laccaria, Descolea, Scleroderma ve Pi-
solithus tiirt mantarlar fidanlara agilandiginda fidanlarin kok sistemini gelistirerek
daha hizl1 biiylimelerini sagladiklar1 belirlenmistir (Lu ve ark., 1998). Owen ve ark.
(2015), bitki biiylimesini tesvik eden mikroorganizmalarin, bitkilerde kok sistem-
lerinin gelismesini artirdigini bildirmislerdir. Bulgularimiz bu arastiricilarin bul-
gulariyla uyumlu bulunmustur. Kék yas agirligi bakimimdan O, T ve OT ortamlar1
arasinda istatistiksel olarak fark bulunmazken, K topraginda yetisen fidanlarin kok
yas agirliklar1 diger yetistirme ortamlarindan istatistiksel olarak onemli diizeyde
diisiik oldugu belirlenmistir. Tiim uygulamalar arasinda en yiitksek kok yas agirlig
degeri MT, en diisiik ise MK uygulamasinda tespit edilmistir (Cizelge 5).

Toplam fidan yas agirlig1 bakimindan yetistirme ortamlar: karsilastirildiginda
da K ortaminda yetistirilen fidanlarin toplam fidan yas agirlig1 degerlerinin diger
ortamlardan onemli diizeyde diigiik oldugu saptanmigtir. En yiiksek toplam fidan
yas agirlig1 degerleri, aralarinda istatistiksel fark bulunmayan SOT (13.42 g) ve MT
(13.08 g) uygulamalarinda tespit edilmistir. En diistik toplam fidan yas agirlig1 de-
geri ise SK (8.32 g) uygulamasinda belirlenmistir (Cizelge 5).
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Cizelge 5. Mikrobiyal karisim ile agilanmus, agtlanmamus ve steril edilmis farkls
yetistirme ortamlarinda yetistirilen Anadolu kestanesi (Castanea sativa Mill.) fidan-
larinin fidan boyu (FB), kok bogazi ¢ap1 (KBC), giirbiizliik indisi (GI), siirgiin yas
agirhigr (SYA), kok yas agirlign (KYA) ve toplam fidan yas agirligi (TFYA)

Table 5. Seedling height (FB), root collar diameter (KBC), sturdiness index (GI),
shoot fresh weight (SYA), root fresh weight (KYA) and total seedling fresh weight
(TFYA) of Anatolian chestnut (Castanea sativa Mill.) seedlings grown in different
growing media that inoculated-, uninoculated with microbial mixture and sterilized

. FB KBC al SYA KYA TFYA
(cm) (mm) (& (& (®

M+ 20.75+1.84 6.41%0.34a 32.40+0.22 4.50%0.76 6.44+1.75a 10.95+1.87
M- 19.91+2.24 6.04+0.23b 33.00+0.34 4.62+0.77 5.51+0.53b 10.13+1.03
S 20.20+1.75 6.28+0.75a 32.40+0.35 4.68+1.03 5.93+1.24b 10.60+2.21
0 2091+1.69ab  6.65+0.52a 31.5040.20b 5.130.57a 5.97+0.60a 11.10+1.07a

20.011.79b 5.89+0.44c 34.100.37a 4.40+0.38b 6.4242.05a 10.82+1.85a
oT 21.7621.08a 6.3240.51b 34.60%0.17a 5.29+0.63a 6.33+1.16a 11.62+1.64a
K 1847+1.56c  6.11+0.18bc 30.2020.22b 3.58+0.41c 5.12:+0.54b 8.7040.79b
MO 222041.05a  6.87+0.13ab  3230+0.12cde  5.40+0.53ab  5.73+0.50cde  11.13+1.03b
MT 18.40+0.98de  6.10+0.16cd  30.20+0.23def  4.024#0.29def  9.07+0.55a 13.08+0.83a

MOT 22.20+0.18a 6.43+0.19bcd  34.60+0.12abc 4.77+0.40bcd 6.27+0.58¢ 11.03+0.90b
MK 20.22+1.24a-d 6.23+0.23cd 32.40+0.20b-e 3.83+0.55ef 4.70+0.43e 8.53+0.98de
(6] 19.53+1.45¢d 6.01+0.08d 32.50+0.24-¢ 4.92+0.70bc 5.80+0.69cd 10.72+1.38bc

21.80+1.57ab 6.2240.20cd 35.10+0.27abc 4.7740.20bcd  5.38+0.52cde  10.15+0.72bcd

oT 21.23+1.55abc 5.93+0.38d 35.80+0.14ab 5.20+0.56abc 5.20+0.53de 10.40+1.00bc
K 17.07+0.53e 5.98+0.15d 28.60+0.16f 3.58+0.33f 5.67+0.43cde  9.25+0.75cde
SO 20.98+1.68abc 7.07£0.35a 29.60+0.12ef 5.07+0.57bc 6.38+0.57¢ 11.45+1.10b
ST 19.82+0.76bcd 5.33+0.16e 37.20+0.17a 4.42+0.15cde 4.80+0.38de 9.22+0.53cde

SOT 21.85+1.21ab 6.60+0.72abc  33.20+0.19bcd 5.90+0.33a 7.52+0.83b 13.42+1.16a

SK 18.13+0.50de 6.13+0.06cd 29.60+0.10ef 3.32+0.26f 5.00+0.26de 8.32+0.51e

U: Uygulamalar, M+: Mikrobiyal karigim ile agilanmis, M-: Mikrobiyal karigim uygulanmamug, S: Steril edilmis, O: Orman
topragy, T: Torf, OT: orman+torf karigimi (1:1, v/v), K: Kestane topragi. Farkli harfle gosterilen ortalamalar arasinda p<0.05
diizeyinde 6nemli fark bulunmaktadur.

Anadolu kestanesi fidanlarinin siirgiin kuru agirliklari, sirgiin yas agirhgi
ozelligine benzer sekilde islemlerden istatistiksel olarak etkilenmemis, ortamlar ve
islem x ortam interaksiyonundan 6nemli diizeyde etkilenmistir. Orman topragi
ve OT ortamlarinda yetisen fidanlarin siirgiin kuru agirligi degerlerinin (sirasiyla
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2.45 ve 2.67 g), diger ortamlardan istatistiksel olarak daha yiiksek oldugu tespit
edilmistir. Tiim uygulamalara ait siirgiin kuru agirligi degerleri incelendiginde de
en yitksek deger SOT uygulamasinda, en diisiik degerler ise MK, K ve SK uygula-
malarinda belirlenmistir (Cizelge 6).

Cizelge 6. Mikrobiyal karisim ile agilanmis, agilanmamis ve steril edilmis farkl
yetistirme ortamlarinda yetistirilen Anadolu kestanesi (Castanea sativa Mill.) fidan-
larinin stirgiin kuru agirlig (SKA), kok kuru agirhigr (KKA) ve toplam fidan kuru
agirligi (TFKA), kathlik orani (KO) ve Dikson kalite indeksi (DIK)

Table 6. Shoot dry weight (SKA), root dry weight (KKA), total seedling dry weight
(TFKA), shoot to root dry weight ratio (KO) and Dickson quality indexes (DIK) of
Anatolian chestnut (Castanea sativa Mill.) seedlings grown in different growing me-
dia that inoculated-, uninoculated with microbial mixture and sterilized

U SKA KKA TFKA - D
(8 (8) (g)
M+ 2.10+0.42 3.84+1.27a 5.94+1.31a 0.60+0.21b 1.57+0.45a
M- 2.2540.39 2.84+0.41c 5.09+0.78b 0.79+0.07a 1.24+1.12¢
S 2.33+0.62 3.20+1.33b 5.52+1.92ab 0.78+0.17a 1.40+0.53b
0 2.45+0.29a 3.10+0.29¢ 5.55+0.54b 0.79+0.06a 1.41+0.11b
T 2.04+0.23b 3.44+1.66b 5.49+1.62b 0.72+0.31b 1.41+0.63b
oT 2.67+0.53a 4.14+1.05a 6.81+1.39 0.67+0.18¢ 1.67+0.43a
K 1.7420.16¢ 2.47+0.22d 4.21+0.36¢ 0.70+0.04bc 1.13+0.10c
MO 2.63+0.28b 3.03+025cd  5.67+0.53cd 0.87+0.02b 1.38+0.08cd
MT 1.88+0.10ef 5.55+0.38a 7.43+0.48b 0.34+0.01h 2.2240.01a
MOT  2.46+0.35cde 4.28+0.35b 6.74+0.56¢ 0.57+0.08g 1.67+0.13b
MK 1.72:+0.20f 2.48+0.25de 4.2040.45¢ 0.69:0.02def 1.07+0.11e
2.33+0.33bcd 3.13+0.40c 5.47+0.73d 0.74+0.01cde 1.37+0.11cd
T 2.32+0.15bed  2.92+0.28cde  5.23+0.43d 0.80+0.03¢ 1.22+0.09de
oT 2.604031bc  2.95+0.35cde  5.55+0.63cd 0.88+0.07b 1.24+0.12de
K 1.75+0.20ef 2.3540.23¢f 4.10+0.43¢ 0.74+0.02cde 1.13+0.06¢
SO 2.38+0.28bc 3.13+0.31c¢ 5.52+0.58cd 0.76+0.04cd 1.48+0.13bc
ST 1.93+0.13def 1.87+0.13f 3.80+0.25¢ 1.04:0.02a 0.80+0.04f
SOT 3.23+0.15a 5.20+0.56a 8.43+0.71a 0.63+0.04f 2.15+0.29a
SK 1.75+0.15ef  2.58+0.20cde  4.33+0.32¢ 0.68+0.05¢ef 1.19+0.09de

U: Uygulamalar, M+: Mikrobiyal karisim ile agtlanmig, M-: Mikrobiyal karisim uygulanmamus, S: Steril edilmis, O:
Orman toprags, T: Torf, orman-+torf karigimu (1:1, v/v), K: Kestane toprag1. Farkli harfle gosterilen ortalamalar arasin-
da p<0.05 diizeyinde 6nemli fark bulunmaktadir.
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Mikrobiyal karisim uygulamasinin kok kuru agirligs ve toplam fidan kuru
agirhigr tizerine etkisi 6nemli diizeyde yitksek bulunmugtur (Cizelge 6). Sumana
ve Bagyaraj (2002) tarafindan yapilan calismada da Azadirachta indica fidanlarina
uygulanan Glomus mosseae, Azospirillum brasilense ve Azotobacter chroococcum
mikrobiyal giibrelerin kontrole gére biyokiitleyi artirdig: tespit edilmistir. Farkli
tiirlerde yapilan fidanlik caligmasinda mikrobiyal giibre uygulamasiin kontrol
uygulamasina gore kok ve stirgiin gelisimi, fidan kalitesi ve biyokiitle artig: sagladi-
g1 bildirilmistir (Deshmukh ve ark., 2007). Ortamlar arasinda en yiiksek kok kuru
agirhigr ve toplam fidan kuru agirligi degerleri OT ortamindan (sirasiyla 4.14 ve
6.81 g), en diisiik ise K ortamindan (sirasiyla 2.47 ve 4.21 g) elde edilmistir. Islem
x ortam interaksiyonu incelendiginde; en yiiksek kok kuru agirligi degerleri, MT
ve aralarinda istatistiksel fark bulunmayan SOT uygulamasindan elde edilmistir.
Toplam fidan kuru agirligi bakimindan en yiiksek degerler ise SOT (8.43 g) ve MT
uygulamasinda (7.43 g) saptanmistir (Cizelge 6).

Calismada ele alinan islemler arasinda katlhilik orani indisi bakimmdan mik-
robiyal karisim uygulamasindan elde edilen deger, diger islemlerden istatistiksel
olarak onemli diizeyde diisiik bulunmustur. Yetistirme ortamlar1 arasinda ise en
yiiksek katlilik orani indisi degerleri 0.79 ile O ortaminda tespit edilmistir. Toplam
fidan kuru agirliginin tersine en diisiik deger 0.67 ile OT ortaminda belirlenmistir.
Tiim uygulamalar arasinda ise en yiiksek katlilik orani indisi degeri ST, en diisiik
ise MT uygulamasinda tespit edilmistir (Cizelge 6). Govde kok orani (katlilik orani
indisi), fidanlarin toprak alt1 ve sttt kisimlar: arasindaki dengeyi belirtmektedir.
Katlilik orani indisi 2 ve 3 olan fidanlar, tranpirasyonla kaybettikleri suyu kokle-
riyle alabilmektedirler. Bu oran 3’tin tizerinde oldugunda ise 6zellikle yar1 kurak ve
kurak bolgelerde bitki su gerilimi artmakta ve fidanlar zarar gorebilmektedir. Bu
nedenle, kurak bélgelerde yapilacak agaglandirmalarda daima katlilik oran indisi
3 ve 3’iin altinda olan fidanlarin kullanilmasi tavsiye edilmektedir (Geng ve Yahya-
oglu, 2007). Farkli dogu kayini (Fagus orientalis Lipsky.) populasyonlarinda katlilik
orani indisi degerlerinin 3’iin altinda ve kok gelisimlerinin iyi oldugu belirlenmis-
tir (Gtilseven ve ark., 2019). Bu ¢aligmada katlilik orani indisi degerlerinin 1.04’tin
altinda oldugu tespit edilmistir (Cizelge 6).

Mikrobiyal karigim uygulamasi Dickson kalite indeksi ozelligini artirmistir.
Ortamlar arasinda da en yiiksek deger OT ortamindan elde edilmistir. Toplam fi-
dan kuru agirlig1 6zelligi ile benzer sekilde en yiiksek Dickson kalite indeksi deger-
leri aralarinda istatistiksel fark bulunmayan SOT ve MT uygulamalarinda belirlen-
mistir (Cizelge 6). Dickson kalite indeksi degeri gelisim ve yasama ytizdesi (arazi
performansi) i¢in fidanin potansiyel giiciini agiklayan bir deger kabul edilmistir
ve bu deger ne kadar biiyiikse o kadar iyi kabul edilmektedir (Mafas ve ark., 2009).

Fidan Kkalitesi ile ilgili parametreler degerlendirildiginde; islemlerden mik-
robiyal karigim uygulamasinin ve ortamlardan ise orman topragi ve orman-+torf

https://doi.org/10.7161/0muanajas 1465961 d



Farkl Yetistirme Ortamlarina Uygulanan Mikrobiyal Karisimin...

karigiminin fidan kalitesi éizerine olumlu etki ettigi tespit edilmistir. En diisiik fi-
dan kalitesi kestane topraginda yetistirilen fidanlarda belirlenmigstir. Bu bulgular,
kestane topraginin ortam olarak tek bagina kullanildiginda ¢6gtir gelisiminin zayif
oldugunu bildiren Serdar ve ark. (1996)'nin bulgular: ile benzerdir.

Fidan yagama orani {izerine islem, ortam ve bunlarin interaksiyonlarinin etkisi
istatistiksel olarak 6nemli bulunmamistir. Cizelge 7de gorildagii gibi fidan yaga-
ma oranlar1 %94.37-98.61 degerleri arasinda degismistir.

Cizelge 7. Mikrobiyal karigim ile agilanmug, agtlanmamus ve steril edilmis farkl
yetistirme ortamlarinda yetistirilen Anadolu kestanesi (Castanea sativa Mill.) fi-
danlarinin fidan yagama oranlar1 (%)

Table 7. Seedling survival rates (%) of Anatolian chestnut (Castanea sativa Mill.)
grown in different growing media that inoculated-, uninoculated with microbial mix-
ture and sterilized

Islem

Ortam Ortalama
M+ M- S

O 96.38 £ 2.14 98.61 £1.39 96.08 £ 2.15 97.02+3.13

T 96.29 £ 0.08 96.25 +2.14 95.71 £2.41 96.08+2.80

oT 96.77 £ 1.81 97.62 +£2.38 97.15+ 1.43 97.18+2.89

K 94.37 £ 1.36 97.27 £ 1.37 95.51 £2.52 95.72+3.03

Ortalama 95.95+2.50 97.44+2 .91 96.11+£3.27

M+: Mikrobiyal karisim ile agilanmis, M-: Mikrobiyal karigim uygulanmamus, S: Steril edilmis, O: Orman toprags, T:
Torf, OT: orman-+torf karigimi (1:1, v/v), K: Kestane topragt

Mikorizal agilama etkinligi, mikrobiyal karisim ile asilanan ortamlardaki fidan-
larin mikrobiyal karigim ile agilanmayan ortamlardaki fidanlarla karsilagtiriimasi
ile belirlenmistir. Yetistirme ortamlarinin mikorizal agilama etkinligi tizerine etki-
si istatistiksel olarak dnemli bulunmustur. En yiiksek mikorizal agilama etkinligi,
mikrobiyal karigim uygulanan torf ortaminda (%29.54), en diisiik ise mikrobiyal
karisim uygulanan kestane topraginda (%2.38) tespit edilmistir (Sekil 1). Kibar ve
Peksen (2011), ektomikorizal bir mantar olan Lactarius pyrogalus tiriiniin farkli
izolatlar ile yaptiklar1 inokiilasyon uygulamalar1 sonucunda findik fidanlarin-
da en diisiik ve yiiksek mikorizal asilama etkinligi degerlerini sirasiyla %5.54 ve
33.99 olarak belirlemislerdir. Steril edilen ortamlara H. crustuliniforme asilanmasi
sonucunda da sedir fidanlarinin mikorizal asilama etkinligi degerleri %12.8-23.3
olarak bulunmustur (Tiifek¢i, 2007). Ticari mikrobiyal karisim olmasina ragmen
ozellikle T ve OT ortamlarindaki mikorizal agilama etkinlik degerlerinin bu arasti-
ricilarin tespit ettikleri degerlere benzer oldugu goriilmektedir.
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Sekil 1. Mikorizal agilama etkinlikleri. Farkli harfle gosterilen
ortalamalar arasinda p<0.05 diizeyinde 6nemli fark bulunmaktadir.

Figure 1. Mycorrhizal inoculation efficiency. There is a significant difference
at the p<0.05 level between the averages shown with different letters.

Steril edilen ortamlarda mikorizal mantarlar tespit edilemediginden enfeksi-
yon ylizdesi sadece M- ve M+ islemleri uygulanan ortamlarda verilmistir. Mikro-
biyal karisim uygulanmayan ve mikrobiyal karisim uygulanmis ortamlarin endo-
mikoriza ve ektomikoriza enfeksiyon oranlar1 Cizelge 8de, mikorizal enfeksiyon
oranlar1 ise Cizelge 9da verilmistir.

Cizelge 8. Mikrobiyal karigim ile asilanmis ve asilanmamis farkl yetistirme
ortamlarinda yetistirilen Anadolu kestanesi (Castanea sativa Mill.) fidanlarinin
endomikoriza ve ektomikoriza enfeksiyon oranlar1 (%)

Table 8. Endomycorrhiza and ectomycorrhiza infection rates (%) of Anatolian
chestnut (Castanea sativa Mill.) seedlings grown in different growing media that ino-
culated- and uninoculated with microbial mixture

M- M+
Ortam
Endomikoriza Ektomikoriza Toplam  Endomikoriza  Ektomikoriza — Toplam
55 16.0 21.5 12.5 18.5 31.0
T 2.5 13.5 15.5 13.5 335 47.0
oT 1.0 7.3 8.3 4.5 19.5 24.0
K 2.5 10.0 12.5 4.5 17.0 21.5

M+: Mikrobiyal karigim ile agtlanmis, M-: Mikrobiyal karigim uygulanmamis, O: Orman topragi, T: Torf, OT: or-
man-+torf karisimi (1:1, v/v), K: Kestane toprag:
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Calismada; mikrobiyal karisim uygulamasinin mikorizal enfekte oranlari, her-
hangi bir islem yapilmayan M- islemine gore istatistiksel olarak dnemli derecede
yiiksek bulunmustur. Ortamlar i¢inde ise en yiiksek enfeksiyon degerleri O ve T
ortamlarinda saptanmustir. {slem x ortam interaksiyonu incelendiginde; en yiiksek
mikorizal enfeksiyon %47.00 ile MT uygulamasinda belirlenmistir. Bunu %31.00
ile MO uygulamas: izlemistir. En diisiik mikorizal enfeksiyon degerleri herhan-
gi bir islem yapilmayan OT uygulamasinda %8.34 olarak belirlenmistir. Mikro-
biyal karisim uygulamasi yapilan tiim ortamlarda mikorizal enfeksiyon yiizdesi
artmustir (Cizelge 9). En yiiksek artis 31.50 birim ile T ortaminda tespit edilmistir.
Bunu 15.66’lik artig ile OT ortamu izlemistir. Mikrobiyal karisim uygulamast ile O
ortaminda 9.50 ve K ortaminda 9.00 birimlik bir artis saglanmstir. Bolkar dag-
larindan segilmis olan 5 ayr1 kizilgam popiilasyonunda 3 mantar tiiriiniin steril
kosullarda kiltiirleri elde edilmis ve bunlarin kizilgam tohumlarina asilanmasiy-
la fidanlar1 retilmistir. Kizilgam fidan koklerindeki mikorizal enfeksiyon orani
%61.4 olarak belirlenmistir (Tiifekgi ve ark., 2007). Guerin-Laguette ve ark. (2003)
tarafindan yapilan calismada orman topraklar: ve perlit-vermikiilit karigimi ye-
tisme ortamlarina mikoriza asilanmasi sonucu elde edilen enfeksiyon oranlari-
nin %35-80 arasinda degistigi bildirilmistir. Bu ¢aligmada belirlenen enfeksiyon
yiizdeleri bu aragtiricilarin bulgularina gore daha diisiik bulunmustur. Mikorizal
etkinlik biyotik ve abiyotik birgok faktore bagli olmakla birlikte, en 6nemli husus
bitki-mantar uyumudur. Dogal ortamdan elde edilen mikorizanin kullanilmasi
ticari mikorizaya gore daha etkindir. Ancak mikorizanin dogadan izole edilmesi
zordur ve kullanimi pratik degildir. Ticari mikorizalarin kullanimi daha pratik ol-
makla birlikte bitki mikoriza uyumuna bagl olarak etkinlikleri degisebilmektedir.

Cizelge 9. Mikrobiyal karigim ile agilanmis ve agilanmamig farkli yetistirme
ortamlarinda yetistirilen Anadolu kestanesi (Castanea sativa Mill.) fidanlarinin
mikoriza enfeksiyon oranlar1 (%)

Table 9. Mycorrhiza infection rates (%) of Anatolian chestnut (Castanea sativa
Mill.) seedlings grown in different growing media that inoculated- and uninoculated
with microbial mixture

Islem
Ortam Ortalama
M- M+
O 21.50+0.71bcd 31.00+7.07b 26.25+6.85a
T 15.50+2.12cde 47.00+£7.07a 31.25+18.68a
oT 8.34+0.47e 24.00+4.24bc 16.17+9.37b
K 12.50+2.12de 21.50+2.12bcd 17.00+5.48b
Ortalama 14.46+5.26b 30.88+11.42a

M+: Mikrobiyal karigim ile agtlanmis, M-: Mikrobiyal karisim uygulanmamis, O: Orman toprags, T: Torf, OT: or-
man+torfkarigimi (1:1, v/v), K: Kestane toprag1. Farkli harfle gosterilen ortalamalar arasinda p<0.05 diizeyinde 6nem-
li fark bulunmaktadir.
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Kestane koklerine ait 151k mikroskobu ve stereo mikroskop inceleme goriintii-
leri Sekil 2 ve 3’te verilmistir.

a)Spor kesesi b)Hartig net

c)Arbuskdller ve hartig net d)Mikorizasiz kok

Sekil 2. Kestane koklerinin 151k mikroskobu goriintiileri

Figure 2. Light microscope images of chestnut roots

Sekil 3. Kestane koklerinin stereo mikroskop goriintiileri

Figure 3. Stereo microscope images of chestnut roots

https://doi.org/10.7161/omuanajas.1465961 d



Farkl Yetistirme Ortamlarina Uygulanan Mikrobiyal Karisimin...

4. SONUC VE ONERILER

Mikrobiyal karisim uygulamasi fidanlari kék bogazi capy, kok yas ve kuru agir-
lig1, toplam fidan kuru agirhigi ve Dickson kalite indeksi 6zelliklerinde artisa neden
olmuslardir. Mikrobiyal karigim iginde yer alan ekto- ve endo-mikorizal mantarlar
nedeniyle mikrobiyal asilama yapilan fidanlarda mikoriza enfeksiyon oraninin da
arttig1 tespit edilmistir. Fidan morfolojik 6zellikleri bakimindan yetistirme ortam-
lar1 karsilastirildiginda en iyi sonuglar orman ve orman-+torf karisimindan (1:1,
v/v) elde edilmistir. En diisiik fidan kalitesi kestane topraginda yetistirilen fidanlarda
belirlenmistir. Islem x ortam interaksiyonu incelendiginde ise mikrobiyal karigim
uygulanan orman-+torf ortami, mikrobiyal karisim uygulanan orman toprag: ve torf
ortamlarinda yetistirilen fidanlarin daha kaliteli oldugu saptanmustir.

Kestane toprag: disinda diger ortamlarin steril edilerek kullanilmas: da fidan
kalitesinin artmasinda etkili olmustur. Ancak sterilizasyonun pahali ve zor bir yon-
tem oldugu distintildigiinde mikrobiyal karisim kullanmak daha ucuz ve kolay
uygulanabilir olmasi nedeniyle tercih edilebilir bulunmustur. Ayni sekilde torfun
pahali olmasi distiniildiigiinde fidanliklarda mikrobiyal karisim uygulanan orman
topraginin veya mikrobiyal karisim uygulanan orman+torf karisiminin kullanil-
masinin daha uygun oldugu sonucuna varimigtir.
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Bu makale, T.C. Tarim ve Orman Bakanligi, Orman Genel Mudiirligii, Dogu Ka-
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Fevziye Siheda HEPSEN TURKAY, Murat DURMUS, Tugrul YAKUPOGLU

EXPLORING CATALASE ACTIVITY AS A BIOLOGICAL
INDICATOR IN DEGRADED SOILS

ABSTRACT

This study examines the relationship between catalase activity in degraded soils
and soil properties, and addresses its potential as an indicator of soil health and
productivity. Catalase, a key enzyme reflecting microbial activity and soil aeration,
has been analyzed in 30 soil samples collected from the disturbed surface layer (0-
15 cm depth) of erosion-prone areas characterized by rubble accumulation on hill
slopes and soil compaction in foot slopes. The soil in the study area is classified as
Typic Xerortent. Catalase enzyme activity in the soil samples varied between 10.4
and 48 ul O, g dry soil. In addition to catalase, the physicochemical properties of
the soil were also assessed, including pH, electrical conductivity, organic matter
content, and texture. Nutrient contents, including nitrogen (0.046-0.239 g N 100
g!), phosphorus (1.77-20.05 pg P g*), and potassium (0.01-3.31 meq K 100 g),
were also measured. A positive correlation was observed between catalase acti-
vity and potassium and phosphorus levels, but the relationship with nitrogen was
statistically insignificant. These findings suggest that catalase activity can serve as
a biological indicator for the early detection of degradation in soils at risk of ero-
sion. The study provides valuable insights into the impact of erosion on soil bio-
chemistry and highlights the role of catalase in assessing soil health and guiding
sustainable land management practices.

Keywords: Catalase Activity, Macro Nutrients, Soil Degradation and Enzyme.

e 2k

DEGRADE TOPRAKLARDA KATALAZ AKTIVITESININ BiYOLOJiK
BIR GOSTERGE OLARAK ARASTIRILMASI

Oz

Bu ¢alisma, degrade topraklardaki katalaz aktivitesi ile toprak ozellikleri ara-
sindaki iliskiyi incelemekte ve toprak saglig1 ve verimliliginin bir gostergesi olarak
potansiyelini ele almaktadir. Mikrobiyal aktiviteyi ve toprak havalanmasini yansi-
tan anahtar bir enzim olan katalaz, toprak sikigmasi ile karakterize edilen ayak ya-
maglarindaki ve tepe yamaglarinda moloz birikimi ile karakterize edilen erozyona
hassas alanlarin bozulmus yiizey tabakasindan (0-15 cm derinlik) toplanan 30 top-
rak 6rneginde analiz edilmistir. Calisma alanindaki toprak Tipik Xerortent olarak
siniflandirilmistir. Toprak 6rneklerinde katalaz enzim aktivitesi 10.4 ile 48 ul O, g*!
kuru toprak arasinda degisiklik gostermistir. Katalazin yani sira toprak fizikokim-
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yasal 6zellikleri de degerlendirilmistir; bunlar pH, elektriksel iletkenlik ve organik
madde icerigi gibi ozelliklerdir. Azot (0.046-0.239 g N 100 g), fosfor (1.77-20.05
ug P g') ve potasyum (0.01-3.31 meq K 100 g') da dahil olmak iizere besin ige-
rikleri de olgiilmustiir. Katalaz aktivitesi ile potasyum ve fosfor seviyeleri arasin-
da pozitif bir korelasyon gozlemlenmistir, ancak azot ile iligki istatistiksel olarak
anlamsizdir. Bu bulgular, katalaz aktivitesinin erozyon riski tagiyan topraklarda
bozulmanin erken tespiti i¢in bir biyolojik gosterge olarak hizmet edebilecegini
one sirmektedir. Caligma, erozyonun toprak biyokimyasi tizerindeki etkisine dair
degerli bilgiler saglamakta ve katalazin toprak sagligini degerlendirme ve stirdii-
riilebilir arazi yonetimi uygulamalarini yonlendirmedeki roliinii vurgulamaktadur.

Anahtar Kelimeler: Katalaz Aktivitesi, Makro Besinler, Toprak Bozulmasi ve
Enzim.

ik

1. INTRODUCTION

Sustainable land management in semi-arid regions is crucial for enhancing
soil quality and mitigating the negative impacts of improper soil management
(Shrestha, 2015). Low levels of soil organic matter in these regions can lead to
persistent deterioration of soil quality. Soil organic matter plays a significant role
in countering the negative impacts of improper soil management and use (Adams,
1973). Additionally, soil moisture is vital for vegetation growth and ecosystem sus-
tainability in semi-arid regions (Zhao et al., 2018). Furthermore, the creation of
permanent planting basins has been identified as a common soil and water con-
servation practice that enhances water harvesting and precision application of
fertility amendments, thereby improving soil quality (Marumbi et al., 2023). The
preservation of soil quality is crucial, especially in ecosystems where human acti-
vities exacerbate soil degradation and desertification. Human activities, such as
unsustainable soil management practices, pollution, waste disposal, and increasing
extreme weather events, have led to widespread and increasing rates of soil deg-
radation globally (Ma et al., 2022; Dengiz and Demirag-Turan, 2023; Kaya et al.,
2023). Erosion stands as one of the principal causes of such degradation. Consequ-
ently, it is vital to investigate sensitive biomarkers linked to the degradation and
desertification of soils.

The slow alteration of soil organic matter levels necessitates long observation
periods to detect changes resulting from exposure. Consequently, research is being
conducted to demonstrate that soil biological properties can serve as early and
sensitive indicators of soil ecological stress or restoration (Kandziora-Ciupa et al.,
2021). This is particularly important as soil degradation and restoration proces-
ses are complex and can take a long time to manifest observable changes in soil
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organic matter levels (Rodriguez et al., 2018; Ramazanoglu, 2023). The levels of
enzymes and organic matter strongly impact soil biological properties, making
them potential indicators of soil ecological stress or restoration (Kandziora-Ciupa
et al., 2021). Additionally, the recovery of soil organic matter and soil biological
properties following disturbances such as wildfires or land use changes can provide
insights into the potential use of soil biological properties as early indicators of soil
ecological stress or restoration (Rodriguez et al., 2018; Baligh et al., 2021; Panico et
al., 2022; Kimmell, 2023; Wu et al., 2023).

Soil biological properties, including microbial activity, microbial biomass, and
enzyme activities, are sensitive to changes in soil organic matter and can be used as
indicators of soil ecological stress or restoration (Marshall et al., 2018; Baligh et al.,
2021; Kandziora-Ciupa et al., 2021; Sainju et al., 2021; Panico et al., 2022; Kimmell,
2023; Wu et al., 2023). For instance, the soil microbial community responds rapidly
to changes in environmental conditions, indicating its potential as an early indi-
cator of soil ecological stress or restoration (Mukherjee et al., 2022). Furthermore,
the addition of organic matter directly affects soil carbon, nitrogen, and phospho-
rus, which are crucial components of soil biological properties and indicators of
soil health (Xuefeng et al., 2023). The impact of vegetation restoration on soil qua-
lity and the soil microbial community also highlights the potential of soil biological
properties as early indicators of soil ecological stress or restoration (Guan and Fan,
2020; Liu et al., 2021; Wu et al., 2023).

Soil enzyme activity shows a considerable correlation with the soil’s physical
and chemical properties. These enzyme activities are early indicators of shifts in
the degree of soil degradation and variations in the intensity of biological processes
(Adetunji et al., 2017; Geng et al., 2022; Singh et al., 2022). Soil biological and bi-
ochemical parameters, thus, offer a means to assess the extent of soil degradation.

The evaluation of catalase enzyme activity relies on the principle of determi-
ning the released O,. Catalase is an enzyme present in most aerobic and facultative
anaerobic bacteria, but notably absent in obligate anaerobic bacteria (Kim et al.,
2016). This absence of catalase in obligate anaerobic bacteria is a key factor in their
ability to cope with changing oxygen levels during infection, as they cannot survive
in the presence of oxygen (Andre et al., 2021). Additionally, the presence of cata-
lase in aerobic and facultative anaerobic bacteria is a crucial factor in their ability
to scavenge reactive oxygen species, thereby minimizing the effects of free radicals
(Watthanasakphuban et al., 2023). There is a significant correlation between cata-
lase activity and soil organic carbon content (Hu et al., 2020). Hydrogen peroxide
(H,0,), induced by various processes, is toxic to cells. Oxygenated cells generally
contain enzymes that convert superoxide into molecular oxygen and H,O,.

20, +2H*>H,0,+ O,
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Enzyme systems such as L- and D-amino acid oxidases, which involve prosthe-
tic groups like FMN or FAD, catalyze the removal of oxidative amino groups from
amino acids.

L-Amino acid + H,O + E-FMN - a-Keto acid + NH, + E-FMNH,
D-Amino acid + H,O + E-FAD > a-Keto acid + NH, + E-FADH,

The reduced forms of these oxidases facilitate the re-oxidation reaction with
molecular oxygen, producing H,O,.

E-FMNH, + O, > E-FMN + H,0,
E-FADH, + O, > E-FAD + H,0,

Catalase enzyme activity is an indicator of microbial activity in soil and is inf-
luenced by the soil’s physical, chemical, and biological properties, all of which play
crucial roles (Ekberli & Kizilkaya, 2006). Low microbial activity results in a decre-
ase in both macro- and micro-organisms, impacting the associated soil food-web
dynamics. High catalase enzyme activity, which catalyzes the degradation of H,0,,
indicates favorable soil conditions for aerobic microflora (Lemanowicz et al., 2020).

Intracellular catalase enzyme (EC 1.11.1.6) is a vital heme-containing enzyme
that plays a crucial role in cellular defense mechanisms by catalyzing the decompo-
sition of hydrogen peroxide (H,0,) into water and molecular oxygen (Chakravarti
etal.,, 2015). Reactive oxygen species (ROS), which are formed as by-products du-
ring aerobic respiration in various cellular systems, represent a cost that aerobic
organisms must bear due to the high efficiency of O,-dependent respiration me-
tabolism (Mogen et al., 2017). The production of ROS can lead to oxidative stress,
which can have detrimental effects on cellular components and functions (Imlay,
2015). Soil catalase activity has been found to exhibit significant correlations with
certain soil chemical properties, including macro and micronutrient contents, su-
ggesting a potential association between catalase activity and soil productivity
(Sun et al., 2019).

The role of catalase in cellular defense against oxidative stress is well-docu-
mented. Catalase plays a critical role in protecting cells from the harmful effects of
ROS, which can cause oxidative damage to cellular components such as lipids, pro-
teins, and DNA. The ability of catalase to decompose H,O, into water and oxygen
helps to mitigate the potential cytotoxic effects of ROS, thereby contributing to the
maintenance of cellular redox homeostasis (Chakravarti et al., 2015).
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The interplay between soil catalase activity and various soil chemical proper-
ties, such as macro and micronutrient concentrations, is indicative of a potential
relationship between this enzyme activity and soil fertility (Sun et al., 2019). Zhang
etal. (2020), have further explored this by examining soil enzyme behaviors under
varying flooding conditions, uncovering their sensitivity to alterations in the soil’s
active organic carbon makeup. This finding underscores the significant role that
soil chemical characteristics play in governing enzyme activities.

The health of the soil is critically influenced by the properties of its micro-
organisms and their enzymes. These biological components are quick to react to
environmental shifts, especially those leading to degradation, more so than soil’s
physical or chemical properties. Support this assertion, pointing out those factors
like plant types, fertilization methods, and land management strategies exert con-
siderable influence on the soil’s microbial biomass and enzymatic activity. A pivo-
tal concern in this context is soil erosion, identified globally as a primary driver of
soil degradation (Poesen, 2017; Fokeng et al., 2020; Wei et al., 2024).

In concluding, it is evident that catalase, an enzyme pivotal in defending cells
against oxidative stress, is subject to various environmental and cellular influen-
ces. The link between its activity in soil and the soil’s chemical makeup not only
underscores its potential effect on soil productivity but also on nutrient cycling
processes. The adverse effects of soil erosion, a significant ecological challenge, ex-
tend to soil microbial attributes and enzyme activities. Hou et al. (2014) document
a marked decline in microbial populations, diversity, biomass, and enzymatic
activities associated with soil erosion. Erosion inversely affects microbial activity,
primarily due to soil structure degradation, reduced aggregate stability, and nut-
rient loss (Dungait et al., 2013; Li et al., 2015; Xiao et al., 2018). The erosion also
diminishes organic matter and humus in topsoil, thereby impairing conditions
necessary for proper aeration, further impacting microbial activity (Xu et al.,
2020). Consequently, erosion establishes a scenario where it is inversely propor-
tional to microbial activity.

The objectives of this study were to (i) document the differentiation in catalase
activity (CA) among thirty soil samples collected from the Avsar Campus, Kahra-
manmaras Sutcu Imam University, which is an eroded and erosion research area in
Turkey, and (ii) determine the relationships between CA and the NPK (nitrogen,
phosphorus, potassium) content of these soils. To this end, 30 soil samples were
collected from the disturbed surface layer (0-15 cm depth) of the study area. The
primary aim of this study is to evaluate the potential of catalase activity as a bio-
logical indicator for the early detection of degradation in eroded soils at risk of soil
degradation and to understand its relationship with soil plant nutrient elements.
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2. MATERIAL AND METHOD

Soil samples were collected from the plot area of Avsar Campus, Kahramanma-
ras Sutcu Imam University (KSU), approximately 10 km west of the Kahramanma-
ras city center, Turkey (Figure 1). The sampling operation was conducted during
the winter months when the soil surface was snow-covered. The study area is slated
to be transformed into the Erosion Research Area in the near future (KSU-ERA).

Figure 1. The study area in KSU on the Tiirkiye map (Google Earth Pro, 2024)

The study area is located at an elevation of 483-513 meters above sea level (Fi-
gure 2). The average annual temperature and precipitation are 16.5 °C and 710 mm,
respectively. The soil temperature and moisture regimes are classified as mesic and
xeric, respectively. The soil has been classified as Typic Xerorthent (Gundogan et
al., 1997). Despite its relatively small size, the area exhibits varied soil properties
due to differences in plant cover (ranging from weak forest and shrub to grass or
bare surface) and topographic aspects. Notably, there is significant soil compaction
in the foot slope and rubble accumulation on the hillslope.

306305 E 306750 E

 —_——— w 462950 N

4162600 N

n ) ~—— Contour lines
Meter [CZ Boundary of Avsar Campus, KSU

Figure 2. Soil sampling field on the contour topographic map of
Avsar Campus (Yakupoglu & Giindogan, 2015)
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For the purpose of this study, 30 soil samples were collected from the disturbed
surface layer (0-15 cm depth) of the study area. Field-moist samples from both
sampling batches were manually crumbled and sieved (<2 mm) to remove root
material. Each sample was thoroughly mixed and stored at field humidity in polyet-
hylene bags at 4 °C until analysis. The samples were transported to the laboratory on
the same day and refrigerated at 4 °C for no longer than 72 hours prior to analysis.

Catalase Activity (CA) was measured using the method described by Beck
(1971). For this procedure, 10 ml of phosphate buffer (pH 7) and 5 ml of a 3%
H,O, substrate solution were added to 5g of soil. The volume (ml) of O, released
within 3 minutes at 20 °C was determined. Three replicates of each sample were
tested. Controls were similarly tested but with the addition of 2 ml of 6.5% (w/v)
NaN.. Results were expressed as pl O, g™* dry soil.

One sample was taken from each point, but the analyzes were carried out in
three replicates on that sample. All results are reported as the mean value of three
replicate determinations, calculated on an oven-dry basis. Soil moisture content
was determined by the weight loss after drying the soil at 105 °C for 24 hours. Sta-
tistical analyses were performed using the TARIST software package. Physico-che-
mical analyses were conducted on air-dried samples, stored at room temperature,
after removing crop residues, root fragments, and rocks larger than 2 mm in dia-
meter. Selected soil physico-chemical properties are presented in Table 1.

Table 1. Procedures for analyzing general soil properties of study soil samples
(Kacar, 1994; John Ryan, 2001)

Analyses Methods

Texture Bouyoucos Hydrometer
pH 1:1 (w/v) pH-meter

EC 1:1 (w/v) EC-meter
CaCO3, gkg* Scheibler calcimeter
SOM, g kg Walkey-Black method
Total N, % Kjeldahl method

Si, g kg Acid amonium oxalate
Pugg! Flamefotometric

Av- P ugg! Olsen method

Ex- K, cmolc kg! 1 N NH,OAc extraction

https:/doi.org/10.7161/0muanajas 1426932 d



Exploring Catalase Activity as A Biological Indicator in Degraded Soils

2.1. Statistical Analysis

In this study, correlation analysis was used to examine the relationships betwe-
en two variables. Specifically, we investigated the interactions between CA-N, CA-
P, and CA-K. The R? (coefficient of determination) values were calculated to assess
the explanatory power of these interactions on the dependent variable. A higher R*
value indicates a stronger relationship and greater explanatory power. The statisti-
cal analysis was conducted using TARIST (1994) statistical software.

3. RESULTS AND DISCUSSION

Descriptive statistics of the study soils are presented in Table 2. According to
this table, the maximum clay, silt, and sand contents were found to be 264, 607, and
654 g kg! respectively, while the minimum values were 38, 258, and 197 g kg in
the same order. Soil Organic Matter (SOM) and CaCO, contents ranged between
9.8-47.0 and 6.6-224 g kg™, respectively. Cation Exchange Capacity (CEC) values
varied from 22.78 to 97.60 cmolc kg™!. The mean N, P, and K contents of the
soils were determined as 0.124%, 8.36 pg g', and 1.77 cmolc kg™!, respectively.
The CA of the study soils was measured at a minimum of 10.4 ul O, g" and a
maximum of 48.0 ul O, g™".

Table 2. Descriptive statistics of study soils

Analyses Min. Max. Mean SD
Clay, g kg™ 38 264 117 50
Silt, g kg'! 258 607 449 78
Sand, gkg'! 197 654 435 105
SOM, g kg 9.8 472 247 9.6
Salt, g kg 0.09 2.05 0.90 0.38
CaCO03, gkg' 6.6 224 38.9 525
Total N, % 0.046 0.239 0.124 0.006
Available P, pg g 1.77 20.05 8.36 0.45
Exchangable K, cmolc kg™ 0.01 331 1.77 0.09
CA,ulO,g! 10.4 48.0 27.21 1.04

According to the variance analysis results, it is noteworthy that soils are statis-
tically different in terms of CA, N, P, and K contents (P<0.01). As shown in Figure
3, which displays the measured CA values of the soils, Soil 21 had the highest CA
value, while Soil 7 had the lowest. The values for other soils varied between the-
se extremes. This diversity is likely associated with the natural variability in the
non-agricultural land of the research area, as it is known that catalase enzyme
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activity is influenced by soil physical conditions. Indicators have been developed
between soil physical properties and soil erodibility indices. There are strong re-
lationships between soil erodibility indices and erosion. Soil physical properties
such as clay percentage, bulk weight, structural stability index, soil compaction,
air-water balance and catalase enzyme activity which is in direct interaction with
oxygenation are affected by soil physical properties (Zhang et al., 2004; Nandi and
Luffman, 2012; Wu et al., 2018). Lemanowicz et al. (2020) reported that differences
in biochemical activity in soil are based on natural biotic and abiotic processes.

80 4
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o o o =]

Catalase activity pl Oy ¢!

=
o

o

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28§ 29 30
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Figure 3. CA values of soils

Xu et al. (2017) also demonstrated that soil microbial activity (except for SA
and PA) showed minimal changes in the 20-50 cm soil layers. Soil microbial acti-
vity is positively correlated with nutrient availability. Nutrients from root exudates
and litter, which are directly acquired by the topsoil, play a crucial role. Recent
studies have revealed that soil microbial activity is inversely correlated with soil
depth (Kononen et al., 2018; Xu et al., 2020). Suitable ventilation conditions in the
topsoil are highly important for increasing microbial activity, as is the abundance
of organic matter (Sinha et al., 2009; Xu et al., 2020).

Soil compaction or loosening alters the oxygen amount in the soil and thereby
affects CA. The impact of soil bulk density on enzyme activities can be linked to
its effects on other soil physical properties, such as total porosity, oxygen content,
diffusion rate, and water infiltration rate, all of which influence microbial activity
(Li et al,, 2002). In addition, soil chemical properties may be related to catalase
activity. The relationships between CA and NPK contents of the soils are illustrated
in Figure 4. The R? value of the CA-N content interaction was calculated as low (R?
= 0.0002), while the R? values for CA-P and CA-K interactions were found to be
relatively high (R%s = 0.81 and 0.61).
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Figure 4. Simple relationships between CA and soil macronutrient contents

Our study has elucidated a critical inverse relationship between soil nutrient
deficiencies and catalase enzyme activity, particularly in soils undergoing vari-
ous degrees of degradation. This finding is pivotal in understanding the complex
interactions within soil ecosystems, especially in the context of degradation and
nutrient dynamics.

Catalase, a key enzyme in soil biochemistry, acts as an indicator of soil health
and fertility. Our observations that catalase activity diminishes in nutrient-defi-
cient and degraded soils align with the research conducted by Sun et al. (2019),
who noted an increase in soil catalase activity following long-term vegetation res-
toration. This parallel suggests that the presence of robust vegetation can counte-
ract the negative impacts of soil degradation, subsequently enhancing soil fertility
and microbial diversity. This correlation underscores the role of biotic factors, par-
ticularly vegetation, in maintaining soil enzyme activities and overall soil health.

Further, our study presents a nuanced view of soil nutrient interactions with ca-
talase activity. The observed linear inverse relationship between available phospho-
rus (P) and exchangeable potassium (K) levels with catalase activity contrasts with
the non-linear relationship with total nitrogen (N) percentages. This indicates that
while P and K deficits are directly linked to reduced catalase activity, N dynamics
in the soil may be influenced by other factors, such as organic matter mineralizati-
on and biotic interactions. This complexity in nutrient-enzyme interactions echoes
the findings of Chang et al. (2007), who highlighted the influence of organic ferti-
lizer application on soil enzyme activities and microbial populations.

In analyzing the broader context of soil degradation, our study expands upon
the work of Achuba and Okoh (2014) and Wu et al. (2010), who found that external
factors like petroleum products and dimethomorph significantly alter soil catalase
activities. Moreover, Kuscu and Kara6z (2021) revealed that land use significantly
influences catalase activity, with forest soils exhibiting the highest and agricultural
lands the lowest activities. These findings collectively indicate that external anth-
ropogenic factors and land use patterns critically impact catalase enzyme activity,
further complicating the relationship between soil health and enzyme function.
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Contrarily, Zhang et al. (2016) reported no significant correlation between ca-
talase activity and soil nutrients with the addition of straw, suggesting that the
impact of nutrient deficiencies on catalase activity may not be direct or uniform
across different soil conditions. This is supported by Liu et al. (2016), who demons-
trated that soil enzyme activity, including catalase, is affected by various factors like
ryegrass growth and soil pollutants. Moreover, the study by Li et al. (2014) suggests
that catalase activity is related to the metabolic activity of aerobic organisms and
has a significant correlation with the content of organic carbon, which can be affec-
ted by soil erosion and degradation. The work of Galiulin and Galiulina (2015) also
supports this, showing that biological preparations for soil remediation influence
catalase and other enzymes’ activities. Additionally, the study by Lemanowicz et
al. (2018) indicated that the activity of soil enzymes, including catalase, decreased
with increasing electrical conductivity, suggesting a potential impact of soil salinity
on enzyme activity.

In summary, our study underscores the intricate interplay between soil health,
nutrient availability, and enzyme function. Soil degradation, influenced by factors
like petroleum products, land use, soil pollutants, and soil salinity, leads to reduced
catalase enzyme activity. This highlights the need for a comprehensive understan-
ding of soil ecosystem dynamics, particularly in the face of increasing environmen-
tal stressors and anthropogenic activities.

The intricate relationship between soil degradation, nutrient status, and cata-
lase enzyme activity observed in our study also sheds light on the broader imp-
lications of soil health in agricultural productivity and ecological sustainability.
This aspect is critical, given the escalating challenges of soil erosion, nutrient dep-
letion, and environmental pollution, which pose a threat to food security and
ecosystem stability.

The reduction in catalase activity in degraded soils, as indicated in our study,
can be interpreted as a reflection of decreased microbial activity and overall soil
biological health. This aligns with the findings of Karaca et al. (2011) who empha-
sized the role of soil enzymes as bioindicators of soil health and quality. The decre-
ase in catalase activity due to nutrient deficiencies indicates a potential decline in
the soil’s capacity to detoxify hydrogen peroxide, which is crucial for maintaining
microbial vitality and organic matter decomposition rates.

Soil erosion is a significant contributor to soil degradation, leading to a reduc-
tion in soil fertility and nutrient deficiencies (Susanti et al., 2019). This degradation
is often caused by factors such as wind erosion, water-logging, salinity/alkalinity,
and water erosion (Raina et al., 2009). It is important to note that soil erosion is
a multifaceted process influenced by various factors, including human activities
and climate change. Human activities, such as agriculture and land use changes,
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have been shown to have a significant impact on soil erosion and subsequently on
soil enzymatic activities, including catalase (Nedyalkova et al., 2017; Huang et al.,
2020; Wang et al., 2020; Li et al., 2021; Steinhoff-Knopp et al., 2021). As a result, the
reduction in soil quality can lead to a decline in catalase enzyme activity, which is
an important indicator of soil fertility (Li et al., 2014).

Furthermore, the impact of soil degradation on nutrient deficiencies and enzy-
me activity has been studied in various regions, including Indonesia (Susanti et al.,
2019), Sri Lanka (Jayasekara et al., 2018), and Europe (Zizala et al., 2017). These
studies emphasize the widespread nature of soil erosion as a significant form of
soil degradation, affecting soil properties and enzyme activities. Additionally, the
review by Maina et al. (2018) highlights the threat of soil erosion to sustainable soil
productivity and food security, further underlining the importance of addressing
erosion-induced soil degradation.

In conclusion, our study contributes to the growing body of literature on soil
degradation, nutrient dynamics, and enzyme activity. It underscores the need for
an integrated approach in soil health assessment and management, considering
both biotic and abiotic factors. As soil degradation continues to be a global con-
cern, research that deepens our understanding of these complex interactions rema-
ins essential for sustainable soil management and environmental conservation. soil
erosion is a widespread and significant form of soil degradation that can lead to
nutrient deficiencies and a reduction in catalase enzyme activity. The impact of soil
degradation on enzyme activity and soil fertility is influenced by various factors,
including land use, organic carbon content, and specific soil nutrients. Addressing
soil erosion is crucial for maintaining soil quality and enzyme activity, which are
essential for sustainable agricultural productivity. We recommend controlled la-
boratory and greenhouse experiments to accurately determine these relationships
and highlight the importance of soil enzyme activities as indicators of soil quality
and biological activities. Thus, understanding the dynamics of soil enzymes, like
catalase, in relation to nutrient status is vital for developing effective soil restorati-
on and management practices.

4. CONCLUSION

The presence of macronutrients crucial for plant nutrition and microbial acti-
vity in surface soils is important for agricultural purposes. In erosive soils, available
nutrient cycles are adversely affected. Soil microbial activity is also an indicator of
soil health. This study reveals that the catalase enzyme activities of soils are related
to their chemical properties, such as N, P, and K concentrations, in the plot area
of Avsar Campus, Kahramanmaras, Turkey. It was found that CA was higher in
samples with elevated available P content, exhibiting a positive and linear relati-
onship. Among the soil samples, as the exchangeable K content increased, CA also
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increased, showing a positively linear relationship with exchangeable K. Since the
interaction between total N and CA was very low, a definitive relationship between
them could not be established. The findings of this study, demonstrating varied
catalase enzyme activity across different points of the area, should be considered
in the planning of this location as an Erosion Research Area. Regular monitoring
of soil enzyme activities, including catalase activity, should be conducted to detect
early signs of soil degradation. This can help in timely interventions to prevent
further soil deterioration. Conduct controlled laboratory and greenhouse expe-
riments to better understand the relationships between soil enzyme activities and
soil physical properties. This can provide more detailed insights into the mecha-
nisms driving soil health and inform more effective soil management strategies.

Acknowledgements

This research was presented as an oral presentation at the 9th International Soil
Science Congress on “The Soul of Soil and Civilization, held in Antalya, Turkey, from
14-16 October 2014, and its abstract was published in the congress’s abstract book.

Conflict of Interest

The authors declare that there is no conflict of interest.

Ethics

This study does not require ethic comity approval.

Author Contribution Rates

Design of Study: FSHT(%50), TY(%50)

Data Acquisation: FSHT(%45), MD(%45), TY(%10)
Data Analysis: FSHT(%30), MD(%10), TY (%60)
Writing Up: FSHT(%85), MD(%5), TY(%10)

Submission and Revision: FSHT(%90), TY(%10)

https:/doi.org/10.7161/0muanajas 1426932 d



Exploring Catalase Activity as A Biological Indicator in Degraded Soils

REFERENCES

Achuba, F. I, Okoh, P. N,, 2014, Effect of Petroleum Products on Soil Catalase and Dehydrogenase Activities. Open
Journal of Soil Science, 4(12), 399-406. doi:10.4236/0js5.2014.412040

Adams, W, 1973, The effect of organic matter on the bulk and true densities of some uncultivated podzolic soils.
Journal of Soil Science, 24(1), 10-17.

Adetunji, A. T, Lewu, F. B, Mulidzi, A. R, Ncube, B, 2017 The Biological Activities of &Amp;#946;-Glucosidase,
Phosphatase and Urease as Soil Quality Indicators: A Review. Journal of Soil Science and Plant Nutrition,
17(3), 794-807. doi:10.4067/50718-95162017000300018

Andre, A, Debande, L, Marteyn, B, 2021. The Selective Advantage of Facultative Anaerobes Relies on Their Unique Ability
to Cope With Changing Oxygen Levels During Infection. Cellular Microbiology, 23(8), €13338. doi:10.1111/cmi13338

Baligh, P, Honarjoo, N, Jalalian, A, Totonchi, A, 2021. Soil Chemical and Microbial Properties Affected by Land Use
Typein a Unique Ecosystem (Fars, Iran). Biomass Conversion and Biorefinery. doi10.1007/513399-021-01915-x

Beck, T, 1971. Die messung der katalaseaktivitaet von Boden. Zeitschrift fir Pflanzenerndhrung und Boden-
kunde, 130(1), 68-81.

Chakravarti, R, Gupta, K, Majors, A. K, Ruple, L., Aronica, M. A, Stuehr, D. ), 2015. Novel Insights in Mammalian
(Catalase Heme Maturation: Effect of NO and Thioredoxin-1. Free Radical Biology and Medicine, 82,105-113.
doi10.1016/j freeradbiomed.2015.01.030

Chang, . H, Chung, R. S, Tsai, Y. H, 2007. Effect of Different Application Rates of Organic Fertilizer on Soil Enzyme Ac-
tivity and Microbial Population. Soil Science & Plant Nutrition, 53(2), 132-140. doi:10.1111/).1747-0765.2007.00122.x

Dengiz, 0, Demirag-Turan, I, 2023. Soil quality assessment for desertification based on multi-indicators with the best-
worst method in a semi-arid ecosystem. Journal of Arid Land, 15(7), 779-796. doi:10.1007/540333-023-0020-9

Dungait, J. A, Ghee, C, Rowan, J. S, McKenzie, B. M., Hawes, C, Dixon, E. R, Paterson, E, Hopkins, D. W., 2013.
Microbial responses to the erosional redistribution of soil organic carbon in arable fields. Soil Biology
and Biochemistry, 60, 195-201.

Ekberli, I, Kizilkaya, R, 2006. Catalase enzyme and its kinetic parameters in earthworm L. terrestris casts and
surrounding soil. Asian Journal of Chemistry, 18(3), 2321.

Fokeng, R. M., Fogwe, Z. N,, Yemelong, N. T, 2020. Modelling Alternatives for Highland Soil Structural Degrada-
tion and Erodibility, Bui Plateau, Cameroon. European Journal of Environment and Earth Sciences, 1(6).
d0i110.24018/ejge0.2020.1.6.84

Galiulin, R.V, Galiuling, R. A, 2015. Remediation of Polar Ecosystems Polluted by Gas Condensate and Oil Hydrocar-
bons by Biological Preparations. The Open Ecology Journal, 8(1), 40-43. doi:10.2174/1874213001508010040

Geng, Z, Xiao, L, Li, Z, Yao, K, Chen, Y, 2022. Impacts of Adding Municipal Sewage Sludge On Soil Enzyme
Activity and Stoichiometry In a Chinese Loess Soil. Polish Journal of Environmental Studies, 31(4), 3031-
3041, doi:10.15244/pjoes/146239

Google Earth Pro V 7.3.6.9345. 2024. KSU Campus, Kahramanmaras, Turkiye. 37° 35" 22.00” N, 36° 44 4570 E. Eye
alt.: 30 km. CNES / Airbus, Maxar Technologies. http:/www.earth.google.com (Access Date 27.01.2024).

Guan, H, Fan, ), 2020. Effects of Vegetation Restoration on Soil Quality in Fragile Karst Ecosystems of Southwest
China. Peerj, 8, €9456. doi:10.7717/peer}.9456

Gundogan, R, Yilmaz, K, Gurel, N, Bodur, M., Demirkiran, A, Koksal, D, Serbetci, H. 1997. Avsar KampUsi Toprakla-
rnnin Etdd ve Haritalamasl. KSU Research Foundation Project.

Hou, S, Xin, M, Wang, L., Jiang, H., Li, N, Wang, Z, 2014. The effects of erosion on the microbial populations and
enzyme activity in black soil of northeastern China. Acta Ecologica Sinica, 34(6), 295-301.

Hu, L, Li, S, Li, K, Huang, H, Wan, W., Huang, Q-H., Li, Q, Li, Y, Deng, H,, He, T, 2020. Effects of Two Types
of Straw Biochar on the Mineralization of Soil Organic Carbon in Farmland. Sustainability, 12(24),
10586. doi:10.3390/5u122410586

Huang, X, Lu, Q, Yang, F, 2020. The Effects of Farmers’” Adoption Behavior of Soil and Water Conservation Mea-
sures on Agricultural Output. International Journal of Climate Change Strategies and Management, 2(5),
599-615. doi:10.1108/ijccsm-02-2020-0014

Imlay, J. A, 2015. Diagnosing Oxidative Stress in Bacteria: Not as Easy as You Might Think. Current Opinion in
Microbiology, 24, 124-131. doi:10.1016/j.mib.2015.01.004

Jayasekara, M. J. P. T. M., Kadupitiya, H. K, Vitharana, U. W. A, 2018. Mapping of Soil Erosion Hazard Zones of Sri
Lanka. Tropical Agricultural Research, 29(2), 135. doi:10.4038/tarv29i2.8284

John Ryan, G. £. A. R. 2001. Soil and Plant Analysis Laboratory Manual. International Center for Agricultural Rese-
archin the Dry Area. 2" Edition, https:/hdlhandle.net/20.50011766/67563

Kacar, B.1994. Bitki ve Topragin Kimyasal Analizleri 3: Toprak Analizleri. Ankara Universitesi Ziraat Fakultesi Eqgitim
Arastirma ve Gelistirme Vakfi Yayinlari, No. 3, 705 .

ANAJAS, 2024, Cilt 39, Sayi 2, Sayfa 401-417



Fevziye Siheda HEPSEN TURKAY, Murat DURMUS, Tugrul YAKUPOGLU

Kandziora-Ciupa, M., Nadgdrska-Socha, A, Barczyk, G, 2021. The Influence of Heavy Metals on Biological Soil
Quality Assessments in the Vaccinium Myrtillus L. Rhizosphere Under Different Field Conditions. Ecotoxi-
cology, 30(2), 292-310. doi:10.1007/510646-021-02345-1

Karaca, A, Cetin, S. C, Turgay, O. C, Kizilkaya, R. 2011. Soil Enzymes as Indication of Soil Quality. In G. Shukla &
A. Varma (Eds)), Soil Enzymology. Springer Berlin Heidelberg. pp. 119-148. doi:10.1007/978-3-642-14225-3_7

Kaya, N. S, Pacci, S, Demirag Turan, |, Odabas, M. S, Dengiz, 0., 2023. Comparing geographic information systems-ba-
sed fuzzy-analytic hierarchical process approach and artificial neural network to characterize soil erosion
risk indexes. Rendiconti Lincei. Scienze Fisiche e Naturali, 34(4), 1089-1104. doi:10.1007/512210-023-01201-0

Kim, J-G,, Park, S-J., Damsté, J. S. S, Schouten, S, Rijpstra, W. 1. C, Jung, M. Y., Kim, S-J., Gwak, J-H.,, Hong, H., Si,
0-J, Lee, S, Madsen, E. L, Rhee, S. K, 2016. Hydrogen Peroxide Detoxification Is a Key Mechanism
for Growth of Ammonia-Oxidizing Archaea. Proceedings of the National Academy of Sciences, 113(28),
7888-7893. d0i:10.1073/pnas.1605501113

Kimmell, L. B, 2023. Soil Restoration Increases Soil Health Across Global Drylands: A meta-analysis. Journal of
Applied Ecology, 60(9), 1939-1951. doi:10.1111/1365-2664.14459

Kéndnen, M, Jauhiainen, )., Strakova, P, Heinonsalo, J, Laiho, R, Kusin, K, Limin, S, Vasander, H,, 2018. Deforested
and drained tropical peatland sites show poorer peat substrate quality and lower microbial biomass and
activity than unmanaged swamp forest. Soil Biology and Biochemistry, 123, 229-241.

Kuscu, 1. S. K, Karadz, M. 0, 2021. The Change of Catalase Enzyme Activity in Soils by the Land Use. Turkish Journal
of Agriculture - Food Science and Technology, 9(6), 1186-1192. doi:10.24925/turjafv9i6.1186-1192.4426
Lemanowicz, ., Brzezinska, M., Siwik-Ziomek, A, Koper, J,, 2020. Activity of selected enzymes and phospho-
rus content in soils of former sulphur mines. Science of The Total Environment, 708, 134545. do-

i10.1016/j.scitotenv.2019.134545

Lemanowicz, ., Siwik-Ziomek, A, Koper, J. W., 2018. Enzymatic Variation of Soils Exposed to the Impact of the Soda
Plant in Terms of Biochemical Parameters. International Journal of Environmental Science and Techno-
logy, 16(7), 3309-3316. doi:10.1007/513762-018-1959-5

Li, C, U, Z, Yang, M., Mg, B, Wang, B., 2021. Grid-Scale Impact of Climate Change and Human Influence on Soil
Erosion Within East African Highlands (Kagera Basin). International Journal of Environmental Research
and Public Health, 18(5), 2775. doi:10.3390/ijerph18052775

Li, C, M3, B, Zhang, T, 2002. Soil bulk density effects on soil microbial populations and enzyme activities
during the growth of maize (Zea mays L) planted in large pots under field exposure. Canadian journal
of soil science, 82(2), 147-154.

Li, Q, Liang, J, He, Y, Hu, Q, Yu, S, 2014. Effect of Land Use on Soil Enzyme Activities at Karst Area in Nanchuan,
Chongaing, Southwest China. Plant Soil and Environment, 60(1), 15-20. doi10.17221/599/2013-pse

Li, Z, Xiao, H,, Tang, Z, Huang, J,, Nie, X, Huang, B, M3, W, L, Y, Zeng, G, 2015. Microbial respanses to erosion-in-
duced soil physico-chemical property changes in the hilly red soil region of southern China. European
Journal of Soil Biology, 71, 37-44.

Liu, Q, Zhang, Q, Jarvie, S, Yan, Y, Han, P, Liu, T, K G, Ren, L, Yue, K, H, W, Du, J, Niu, ], Svenning, }-C, 2021.
Ecosystem Restoration Through Aerial Seeding: Interacting Plant-soil Microbiome Effects on Soil Multi-
functionality. Land Degradation and Development, 32(18), 5334-5347. doi:10.1002/dr4112

Liu, T, Wei, L, Qiao, M, Zou, D, Yang, X, Lin, A, 2016. Mineralization of Pyrene Induced by Interaction Between
Ochrobactrum Sp. PW and Ryegrass in Spiked Soil. Ecotoxicology and Environmental Safety, 133, 290-
296. doi10.1016/j.ecoenv.2016.07.032

Ma, J, Qin, |, M3, H, Zhou, Y, Shen, Y., Xie, Y, Xu, D, 2022. Soil Characteristic Changes and Quality Evaluation of
Degraded Desert Steppe in Arid Windy Sandy Areas. Peerj, 10, €13100. doi:10.7717/peerj13100

Maina, C. W, Sang, ], Mutua, B. M, Raude, J. M., 2018. A Review of Radiometric Analysis on Soil Erosion and Depo-
sition Studies in Africa. Geochronometria, 45(1), 10-19. doi:10.1515/geochr-2015-0085

Marshall, K. S., Balster, N. |, Bajcz, A. W., 2018. Underneath It All: Soil Differences May Explain Contrasting Outco-
mes of Adjacent Prairie Restorations in Madison, Wisconsin. American Journal of Undergraduate Resear-
ch, 15(3), 61-72. doi:10.33697/3jur.2018.024

Marumbi, R, Nyamugafata, P, Wuta, M, Tittonell, P, Torquebiau, £, 2023. Influence of Planting Basins on Selected
Soil Quality Parameters and Sorghum Yield Along an Agro-Ecological Gradient in South Eastern Zimba-
bwe. Southern Africa Journal of Education Science and Technology, 5(1), 26-52. doi10.4314/s3jestv5i1.39821

Mogen, A. B, Carroll, R, James, K. L, Lima, G. S. C. C, Silva, D, Culver, ). A, Petucci, C, Shaw, L. N, Rice, K. C, 2017.
Staphylococcus Aureus Nitric Oxide Synthase (sa NOS) Modulates Aerobic Respiratory Metabolism and
Cell Physiology. Molecular Microbiology, 105(1), 139-157. doi:10.1111/mmi13693

https:/doi.org/10.7161/0muanajas 1426932 d



Exploring Catalase Activity as A Biological Indicator in Degraded Soils

Mukherjee, S, Kuang, Z, Ghosh, S, Detroja, R, Carmi, G, Tripathy, S, Barash, D., Frenkel-Morgenstern, M., Nevo, E.,
Li, K, 2022. Incipient Sympatric Speciation and Evolution of Soil Bacteria Revealed by Metagenomic and
Structured Non-Coding RNAs Analysis. Biology, 11(8). 1110 doi:10.3390/biology11081110

Nandi, A, Luffman, I, 2012. Erosion related changes to physicochemical properties of Ultisols distributed on
calcareous sedimentary rocks. Journal of sustainable development, 5(8), 52.

Nedyalkova, K, Donkova, R, Deribeeva, D, 2017. Enzyme Activity of Chromic Luvisols Under Different Degree of
Erosion and Land Use. Eurasian Journal of Soil Science (Ejss), 6(1), 37-37. doi:10.18393/ejs5.284262

Panico, S. C, Memoli, V, Santorufo, L, Aiello, S, Barile, R, Marco, A. D, Maisto, G,, 2022. Soil Biological Responses
Under Different Vegetation Types in Mediterranean Area. International Journal of Environmental Resear-
ch and Public Health, 19(2). doi:10.3390/ijerph19020903

Poesen, ], 2017. Soil Erosion in the Anthropocene; Research Needs. Earth Surface Processes and Landforms, 43(1),
64-84. d0i10.1002/esp.4250

Raina, P, Kumar, M, Singh, M., 2009. Mapping of Soil Degradation Hazards by Remote Sensing in Hanuman-
garh District (Western Rajasthan). Journal of the Indian Society of Remote Sensing, 37(4), 647-657.
d0i:101007/512524-009-0056-0

Ramazanogly, E, 2023. Effects of Biochar Application as a Carbon Substrate on Cotton Plant Growth and Some
Soil Enzymes. ISPEC Journal of Agricultural Sciences, 7(4), 904-915. doi:10.5281/zen0do.10257518

Rodriguez, J. J. M., Gonzdlez-Pérez, J. A, Turmero, A, Herndndez, M, Ball, A. S, Gonzalez-Vilg, F. J, Arias, M., 2018.
Physico-Chemical and Microbial Perturbations of Andalusian Pine Forest Soils Following a Wildfire. The
Science of the Total Environment, 634, 650-660. doi:10.1016/j.scitotenv.2018.04.028

Sainju, U. M, Liptzin, D, Dangi, S. M., 2021. Carbon Dioxide Flush as a Soil Health Indicator Related to Soil Pro-
perties and Crop Yields. Soil Science Society of America Journal, 85(5), 1679-1697. doi:10.1002/53j2.20288

Shrestha, S. K, 2015. Sustainable Soil Management Practices. World Journal of Science Technology and Sustainab-
le Development, 12(1), 13-24. doi:10.1108/wjstsd-07-2014-0015

Singh, H, Northup, B. K, Rice, C. W, Prasad, P, 2022. Biochar Applications Influence Soil Physical and Chemical Proper-
ties, Microbial Diversity, and Crop Productivity: A Meta-Analysis. Biochar, 4(1). doi:101007/542773-022-00138-1

Sinha, S, Masto, R, Ram, L, Selvi, V., Srivastava, N, Tripathi, R, George, J,, 2009. Rhizosphere soil microbial index of
tree species in a coal mining ecosystem. Soil Biology and Biochemistry, 41(9), 1824-1832.

Steinhoff-Knopp, B, Kuhn, T, Burkhard, B, 2021. The Impact of Soil Erosion on Soil-Related Ecosystem Services:
Development and Testing a Scenario-Based Assessment Approach. Environmental Monitoring and As-
sessment, 193(Suppl 1), 274. doi:101007/510661-020-08814-0

Sun, S-Y., Sun, H, DeShun, Z, Zhang, J, Cai, Z, Qin, G, Song, Y, 2019. Response of Soil Microbes to Vegetation
Restoration in Coal Mining Subsidence Areas at Huaibei Coal Mine, China. International Journal of Envi-
ronmental Research and Public Health, 16(10). doi:10.3390/ijerph16101757

Susanti, Y, Syafrudin, S, Helmi, M., 2019. Soil Erosion Modelling at Watershed Level in Indonesia: A Review. E3s
Web of Conferences, 125. doi:10.1051/e3sconf/201912501008

TARIST. 1994. General Statistic version 4.01 DOS. In Egean Forestry Research Institute Bornova, Izmir.

Wang, H, wu, ], Li, G, Yan, L, 2020. Changes in Soil Carbon Fractions and Enzyme Activities Under Different Vegeta-
tion Types of the Northern Loess Plateau. Ecol Evol, 10(21), 1221112223, d0i:10.22541/3u.159318509.95089487

Watthanasakphuban, N, Srila, P, Pinmanee, P, Sompinit, K, Rattanaporn, K, Peterbauer, C. K, 2023. Development
of High Cell Density Limosilactobacillus Reuteri KUB-ACS for Cell Factory Using Oxidative Stress Reducti-
on Approach. Microbial Cell Factories, 22(1), 86. doi10.1186/512934-023-02076-4

Wei, S, Ding, S, Li, Y, Zhang, E, Duan, X, 2024. Differential responses of soil cellulase enzymes and oxidative
enzymes to soil erosion. Catena, 241, 108015.

Wu, X, Wei, Y, Wang, ], Cai, C, Deng, Y, Xia, ], 2018. RUSLE erodibility of heavy-textured soils as affected by soil type, ero-
sional degradation, and rainfall intensity: A field simulation. Land degradation & development, 29(3), 408-421.

Wu, Y, Kong, F, Wu, D, Zeng, Y, Chen, Z, Deng, T, 2010. Effects of Dimethomorph on Some Enzymatic Activities in
Soil. 1-3. doi:10.1109/icbbe.2010.5517394

Wu, Y, Wang, R, Zhang, M., He, P, Wu, Y, Tian, X, Zhang, |, 2023. Spatial Patterns and Influencing Factors of Soil
SOC DOC ROC at Initial Stage of Vegetation Restoration in a Karst Area. Frontiers in Environmental Scien-
ce, 11, e15044. doi:10.3389/fenvs.2023.1099942

Xiao, H, Li, Z, Chang, X, Huang, B, Nie, X, Liu, C, Liy, L, Wang, D, Jiang, J, 2018. The mineralization and sequ-
estration of organic carbon in relation to agricultural soil erosion. Geoderma, 329, 73-81. doi10.1016/j.
geoderma.2018.05.018

Xu, H., Qu, Q, Chen, Y, Wang, M, Liu, G, Xue, S, Yang, X, 2020. Disentangling the direct and indirect effects of
cropland abandonment on soil microbial activity in grassland soil at different depths. Catena, 194, 104774,

ANAJAS, 2024, Cilt 39, Sayi 2, Sayfa 401-417



Fevziye Siheda HEPSEN TURKAY, Murat DURMUS, Tugrul YAKUPOGLU

Xu, Z, Yu, G, Zhang, X, He, N, Wang, Q, Wang, S, Wang, R, Zhao, N, Jia, Y, Wang, C, 2017. Soil enzyme activity
and stoichiometry in forest ecosystems along the North-South Transect in eastern China (NSTEC). Soil
Biology and Biochemistry, 104, 152-163.

Xuefeng, X, Liao, X, Yan, Q, Xie, Y, Chen, J-Z, Liang, G, Chen, M, Xiao, S, Chen, Y, Liu, J, 2023. Arbuscular Mycorrhi-
zal Fungi Improve the Growth, Water Status, and Nutrient Uptake of Cinnamomum Migao and the Soil Nut-
rient Stoichiometry Under Drought Stress and Recovery. journal of Fungi, 9(3), 321. doi:10.3390/j0f9030321

Yakupodlu, T, Gindogan, R, 2015. Predicting of soil aggregate stability values using artificial neural networks.
Turkiye Tarimsal Arastirmalar Dergisi, 2(2), 83-92.

Zhang, H., Dong, C, Yang, H, Kasim, N., 2020. Differences of Soil Enzyme Activities and Its Influencing Factors
Under Different Flooding Conditions in Ili Valley, Xinjiang. Peerj, 8, e8531. doi:10.7717/peerj.8531

Zhang, J-G,, Bo, G, Zhang, Z, Kong, F, Wang, Y, Shen, G, 2016. Effects of Straw Incorporation on Soil Nutrients, En-
zymes, and Aggregate Stability in Tobacco Fields of China. Sustainability, 8(8), 710. doi10.3390/5u8080710

Zhang, K, Li, S, Peng, W, Yu, B., 2004. Erodibility of agricultural soils on the Loess Plateau of China. Soil and Tillage
Research, 76(2), 157-165.

Zhao, W, Fang, X, Daryanto, S, Zhang, X, Wang, Y., 2018, Factors Influencing Soil Moisture in the Loess Plateau,
China: A Review. Earth and Environmental Science Transactions of the Royal Society of Edinburgh, 109(3-
4), 501-509. doi:10.1017/51755691018000671

Zizala, D, Zadorova, T, Kapicka, |, 2017. Assessment of Soil Degradation by Erosion Based on Analysis of Soil
Properties Using Aerial Hyperspectral Images and Ancillary Data, Czech Republic. Remote Sensing,
9(1), 28. doi:10.3390/rs9010028

https:/doi.org/10.7161/0muanajas 1426932 d



418

ANAJAS, 2024, Cilt 39, Say1 2



RAnadolu Tarim Bilimleri Dergisi,
Anadolu Journal of Agricultural Sciences

R

~—

o e-ISSN: 1308-8769, ANAJAS Haziran 2024, 39 (2): 419-439

Seed and Germination Characteristics of
Different Hybrids Belonging to Vitis Species

Vitis Turlerine Ait Farkli Hibritlerin
Tohum ve Cimlenme Ozellikleri

Biilent KOSE', Yahya URAY?, Kevser BAYRAM3, Fatma TURK*

'Ondokuz Mayis University, Faculty of Agriculture, Department of Horticulture, Samsun
- bulentk@omu.edu.tr - > 0000-0002-7025-5696

’0ndokuz Mayis University, Faculty of Agriculture, Department of Horticulture, Samsun
- yahya.uray@omu.edu.tr - > 0000-0002-5267-6040

30ndokuz Mayis University, Faculty of Agriculture, Department of Horticulture, Samsun
- kevserbayrami@outlook.com - > 0000-0002-6280-2119

“Ondokuz Mayis University, Faculty of Agriculture, Department of Horticulture, Samsun
- ftmtrk5555@hotmail.com - > 0000-0001-6452-5218

Makale Bilgisi/Article Information

Makale Tiirii/Article Types: Arastirma Makalesi/Research Article
Gelis Tarihi/Received: 26 Mart/March 2024
Kabul Tarihi/Accepted: 11 Mayis/May 2024
Yil/Year: 2024 | Cilt-Volume: 39 | Sayi-Issue: 2 | Sayfa/Pages: 419-439

Atif/Cite as: Kose, B, Uray Y, Bayram, K, Turk, F. "Seed and Germination Characteristics of Different Hybrids Belonging
to Vitis Species" Anadolu Journal of Agricultural Sciences, 39(2), Haziran 2024: 419-439.

Sorumlu Yazar/Corresponding Author: Biilent KOSE

https://doi.org/10.7161/omuanajas.1458668 d



Biilent KOSE, Yahya URAY, Kevser BAYRAM, Fatma TURK

SEED AND GERMINATION CHARACTERISTICS OF DIFFERENT
HYBRIDS BELONGING TO VITIS SPECIES

ABSTRACT

In this research, some grape cultivars are belonging to Vitis vinifera, Vitis lab-
rusca, and interspecific grape cultivars were used for crossbreeding. The aim of
the cross-breedings was to obtain individuals that could be used as a table grape,
female flower type genotypes, and would be resistant to disease and cold hardy
grapes. In the research, berry set (seeded and seedless berry number), seed wei-
ght (g), seed width and length (mm), floating empty seed rate (seed viability, %),
seed germination rates (%), seedling survival rates (%) and shoot length (cm) were
calculated in the seeds obtained as a result of cross-breeding. In this research, as
a result of crossbreeding with different Vitis species and hybrids, the germination
rate was significantly higher, especially when using ‘Celiksu;, ‘Red Globe’ and ‘Ca-
yuga White’ cultivars as maternal parents. Although the germination rates of the
seeds obtained after cross-breeding are low, the use of ‘Cavug’ grape cultivar with
female flower form in cross-breeding facilitates the work since emasculation is not
necessary. It would be appropriate to increase the number of grapevines with fema-
le flowers type in breeding studies.

Keywords: Cross-breeding, Emasculation, Seed Germination, V. labrusca,
V. vinifera, Interspecific Grapevine.

ek

VITiS TURLERINE AIT FARKLI HiBRITLERIN TOHUM
VE CIMLENME OZELLIKLERI

Oz

Buarastirmada; Vitis vinifera, Vitis labrusca ve tiirler arasi bazi iztim ¢esitlerinde
melezlemeler yiriitilmistiir. Melezlemelerin amacy; melezlemelerde kolaylik agi-
sindan disi gigek tipi genotipe sahip yeni bireylerin elde edilmesinin yani sira has-
taliklara ve soguga dayanikli yeni bireyler ile ana¢ olarak kullanilabilecek bitkiler
elde etmektir. Aragtirmada; tane tutumu (gekirdekli ve ¢ekirdeksiz tane sayisi),
tohum agirhig (g), tohum genisligi ve uzunlugu (mm), yiizen bos tohum orani
(%), tohum ¢imlenme oranlar1 (%), ¢imlenen bitki yasama oranlar1 (%) ve stir-
giin uzunlugu (cm) hesaplanmustir. Bu arastirmada, farkls Vitis tiir ve melezleriyle
yapilan melezleme sonucunda, &ézellikle ‘Celiksu, ‘Red Globe’ ve ‘Cayuga White’
cesitleri ana ebeveyn olarak kullanildiginda, ¢ekirdeklerde ¢cimlenme orani 6nemli
olgiide artis gostermistir. ‘Cavug’ tiziim ¢esidinden elde edilen tohumlarin ¢imlen-
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me oranlar1 diisitk olmasina ragmen, disi gigcek formuna sahip cesitlerin melezleme
¢aligmalarinda kullanilmasi emaskiilasyona gerek olmadigindan melezlemeyi ko-
laylastirmaktadir. Islah ¢caligmalarinda disi ¢igek tipine sahip iiziim ¢esitlerin kul-
lanilmasiyla daha fazla sayida tohum ve bitki elde edilebilecektir.

Anahtar Kelimeler: Melezleme, Emaskiilasyon, Tohum Cimlenme, V. labrusca,
V. vinifera, Tiirleraras1 Asma.

i

1. INTRODUCTION

Today, more than 10.000 grape cultivars belonging to the Vitis genus are grown
for different purposes all around the world (Khan et al., 2020). People’s consumpti-
on habits show vary from year to year. For example; the people, especially children,
prefer seedless, colorful, crunchy, medium bunch or exotic grapes (Peiia-Neira et
al,, 2023; Atak and $en, 2021). In recent years, the breeding studies focused on to
obtain new grapes as cold hardy, drought and disease resistant, seedless, medium
bunch, large berries and having unique aroma (Atak and Kahraman, 2012; Akkurt
et al,, 2019; Verma et al., 2019; Atak, 2022). In addition, many new varieties have
been registered and transferred to growers from different breeding studies carried
out in Turkey in the last 20 years (Atak et al., 2022).

Successful breeding in different grape varieties requires many of different grape
genetic resources (Atak, 2023). Breeding works is nowadays predominantly carried
out to improve grape quality, including increasing the resistance of plants to biotic
and abiotic stresses (Parmar et al., 2017). Different plant species may not reach the
desired level of viability during seed or seed formation, depending on many factors
during their development following flowering and subsequent pollination. Among
these factors, genetics plays an important role. For this reason, differences in via-
bility rates may occur depending on the parents used. This situation is thought to
be particularly related to embryo development (Atak and $en, 2021; Jovanovi¢-C-
vetkovic et al., 2022).

The germination power of the seeds plays an important role in the success of
cross-breeding studies carried out to obtain new varieties and combine good cha-
racteristics. Since the number of plants obtained from seeds with poor germination
power is low, the probability of the emergence of vines with the desired characte-
ristics is therefore low. Today, the aim of breeding studies carried out for various
purposes is to germinate the hybrid seeds obtained at the highest possible rate and
to obtain healthy plants from them (Goldy, 1992; Rieseberg et al., 1998; Kuligowska
et al,, 2016; Demirkaplan and Giibbiik, 2023). The seeds obtained after cross-bree-
ding are important aspects of the breeding process (Uzun et al., 2019).
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Vitis vinifera is the most widely cultivated grape species in the world due to
its economic value. V. vinifera grapes are also still widely used worldwide as the
main material for breeding new grape varieties (Alleweldt et al., 2005; Wang et al.,
2021). For this purpose, in order to obtain a large number of new hybrid plants, it
is expected that the germination properties of the seeds obtained by cross-breeding
should be strong. In an effective breeding study, high germination and seedling
formation rates of intraspecific and interspecific hybrid seeds are expected in V. vi-
nifera in order to obtain larger seedling populations in a short time and to achieve
faster grape breeding (Wang et al., 2022). The formation of seeds to seedlings is one
of the most important issues of breeding efficiency. The germination rate of grape
seeds is typically low (30-50%) and the final seedling rate is even lower (Lin et al,
2009; Zhang et al., 2009). Low germination rates may be due to parental selection,
an incompletely developed seed embryo of the female parent, or a hard seed coat
that is not easy to break (Ma et al., 2014).

Interspecific hybrid cultivars, obtained from crosses with V. vinifera, including
many of North American and Asian grape species, are important to obtain new
genotypes resistant to biotic and abiotic stress condition (Topfer et al., 2011; Eiba-
ch and Topfer, 2015; Lisek and Lisek, 2019; Foria et al., 2022). Many researchers
suggested that three months of stratification at 4°C gave the best results for grape
seed germination (Conner, 2008; Sabir, 2011; Seget et al., 2020; Atak and Sen, 2021;
Hawezy and Sharif, 2023). If the stratification period is too long or too short, phe-
nolic compounds in seeds can inhibit the germination rate (Gao at al., 2014; We-
idner et al., 2014; Orru et al., 2023). Previous studies have shown that grape seed
germination and seedling formation rates vary between different populations and
cultivars (Ledbetter and Ramming, 1989; Ristic and Iland, 2005; Gao et al., 2014).

Germination rates of hybrid seeds may vary due to some environmental factors
such as light, temperature, humidity, soil conditions (Celik, 2001; Humphrieset
al., 2018; Travlos et al., 2020) and polen sources (Sabir, 2011; Sabir, 2015; Atak and
Sen, 2021; Atak, 2022; Alzohairy et al., 2023). On the other hand, Ellis et al. (1983)
reported that 25°C is the best temperature for grape seed germination. When cho-
osing hybrid combinations, it is very important seeded berry set, seed number and
germination rate of the mother parentage (Singh et al., 1984; Sabir, 2011; Wang et
al., 2022). Sabir (2011) was found the highest rate of berry set was obtained from
Italia x 1103 P (44.1%) and Italia x 140 Ru (43.2%), while the lowest percentage
was noted in self-pollinated plants (36.4%). Germination rates of seeds obtained
after cross-breeding shows differences according to the combinations (Akkurt et
al., 2013; Ergoniil et al., 2023; Atak et al., 2019; Uzun et al., 2019). For example; Er-
goniil et al. (2023) determined the lowest seed germination rates in “Trakya [lkeren’
(2.6%) and ‘Cardinal’ (0-2.9%) grapes and the highest rate in ‘Yalova Incisi’ (70.8-
79.1%) in hybrid combinations.
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The aim of this research was obtained berry set after cross-breeding, seed speci-
fications and germination characteristics of some crossbreeding combinations are
belonging to Vitis vinifera, Vitis labrusca and interspecific grapes.

2. MATERIALS AND METHODS

2.1. Plant Materials

Cross-breeding studies were carried out in the vineyards and greenhouses of
Ondokuz May1s University, Faculty of Agriculture. Berry set, viability and germi-
nation rate was obtained with 13 different combinations. In cross-breedings, five
grape cultivars belonging to the Vitis vinifera species (‘Cavus, ‘Yalova Incist, “Trak-
ya Ilkeren, ‘Prima, ‘Red Globe’), two grape cultivars belonging to the Vitis labrusca
species (‘Celiksu, ‘Ulkemiz’), three interspesific cultivars (‘Valiant, ‘Marechal Foch,
‘Cayuga White’) and 1103 Paulsen rootstock were used. ‘Cavug grape has morp-
hological hermaphrodite, physiological female type and not need to emasculate.
The Cross-breeding combinations carried out in the research are given in Table 1.

Table 1. Crossbreeding combinations

Breeding Combinations
Ulkemiz x Marechal Foch Cavus x Yalova Incisi Red Globe x Valiant
Cayuga White x Marechal Foch Cavus x Trakya {lkeren Trakya Ilkeren x Valiant
Celiksu x Marechal Foch Cavus x Marechal Foch Celiksu x Valiant
Red Globe x Ulkemiz Cavus x Prima Cayuga White x Valiant

Cavus x 1103P

In the study, the origin and characteristics of the grape cultivars used in
Cross-Breedings are given in Table 2.

Table 2. Characteristics of grape cultivars/genotypes used in crossbreeding studies

Cultivar/genotype/Species  Specifications Cluster Leaf

ite:
C'fly"uga White: ‘ Seeded
Vitis labrusca hybrids . .
Seyval x Schuyler at Disease Resistant
i uye Moderately Cold
Cornell University, New
Hardy

York, 1945 (USA).
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Marechal Foch:

Millardet et Grasset 101 Seeded

O.P. x Goldriesling. Disease Resistant
Eugene Kuhlmann of Al- Cold Hardy

sace, France 1920 (France).

Cavus:
Female type Turkish grape Seeded

variety (Vitis vinifera) Table grape

Celiksu:

(Vitis labrusca). Selected
from Black Sea Region and
registrated in 2016 by
Ondokuz Mayis University

Seeded
Disease Resistant

Ulkemiz:

(Vitis labrusca). Selected
from Black Sea Region and
registrated in 2016 by
Ondokuz May1s University

Seeded
Disease Resistant

Yalova Incisi:

Honiisii x Black Gemre

crossing. Early ripening, Seeded
released in 1988 by Atatiirk Table grape
Horticultural Central

Research Institute, Turkiye.
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Trakya ilkeren:

Alphonse Lavallee x

Perlette crossing. Early

ripening, released in 1994 Seeded
by Tekirdag Viticultural Table grape

Institute, Turkiye.

Prima:
Lival x Cardinal crossing. Seeded
Early ripening and it was Table grape

obtained in 1974 by INRA.

Red Globe:
L 12-80 X S 45-48,
(Hunisa x Emperor) x

. Seeded
(Hunisa x Emperor x Table erape
Nocera) crossing. Califor- grap
nia Agricultural
Experiment Station.

Valiant: Dise:seee f:gstant
Fredonia x South Dakota
Extremely Cold
9-39
Hardy
Ilit:(r)l::rll’gil;lrsie;;ssé uier No Rootstock
8 * Male flower type

2 x Rupestris du Lot
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2.2. Methods

2.2.1. Polen Supply and Storage

During the flowering period (first week of the June), pollen was obtained by
taking clusters from pollinator varieties in full bloom. The clusters of the polliantor
cultivars were collected during the full bloom period. Pollen was collected freshly
from fully open clusters. Flower clusters kept at room temperature for overnight.
The flower clusters were sieved through a fine sieve and the pollen and they were
stored at +4 °C until the pollination process (Staudt, 1999; Sabir, 2011).

2.2.2. Emasculation and Cross-Breedings Process

The clusters were checked daily and the emasculation process was initiated ap-
proximately 3-5 days before the beginning of flowering (Hardie et al., 1996). In the
study, for all crossings; cross-breeding was carried out on 3 vines and 3 clusters
of each vine and cultivar. Totally 9 clusters emasculated for each cross-breeding
combination. Male organs were emasculated during the flowering period except
for ‘Cavus’ grape (female flower type). The emasculated clusters were washed with
pure water to ensure that no pollen remained. The emasculated clusters were pla-
ced in a paper bag, labeled and closed. Emasculated clusters were checked daily,
and pollinated with pollen collected from pollinator varieties when sugary liquid
was seen on the stigma. Pollination was carried out early in the morning and late
in the evening. These processes continued until the upper part of the stigma turned
from greenish to brown. After pollination, the clusters were re-bagged and labeled
with details of the mother and father varieties and pollination dates. The clusters
and vines were subjected to regular cultural practices and spraying with fungicides
against fungal diseases.

2.2.3. Harvest of Clusters

Seeds were harvested when the grapes were fully ripe. Fruit harvested had to
be at least of 22°Brix. The berries were separated from the cluster skeleton, and the
seeds were removed. The seeds were washed with distilled water to separate them
from other fruit components and then left to dry on a blotting paper for a week.
The seeds were stored in capped plastic tubes at +4°C until germination.

2.2.4. Seed Germination Procedures

To separate viable seed from others, the seeds were placed in a small beaker of
distilled water. 24 hours waited seed in the water and floating seed were conside-
red non-viable. The following procedure was applied before germination. After the
non-viable seeds floating in the water were separated, the remaining seeds, which
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were considered to be viable, were planted in the viols in 3 replicates. A total of 3300
seeds were sown in the viols and totally 1905 seeds germinated in the research.

The following treatments were applied to the seeds before germination.
. The seeds were soaked in water for 48 hours.
. It was kept in 3% hydrogen peroxide (1.5:5 water: hydrogen peroxide) for 24 hours.

1

2

3. 1000 ppm GA, was applied for 24 hours.

4. It was kept in 6% sodium hypochlorite for 2 minutes.
5

. It was scarified in moistened vermiculite at +4°C for 3 months.

Filling the viols and opening the planting pits, the seeds were sown in a plastic
viol. Peat was used as germination medium. Seeds were sown in the viols manually
at a depth of about 0.5 cm. After sowing, the viols were covered with vermiculite
and placed in the climate chamber for germination. In the study, germination rates
were evaluated on a total of 50 viable seeds for each application. The viols were
germinated by keeping them in a growth room with controlled temperature and
humidity at £26°C, 85% humidity and a 12 h photoperiod. The viols were checked
frequently, and when the root tips began to appear from the seeds, the viols were
moved from the germination room to the greenhouse.

Weight of 100 seed (g) in each combination;

In 50 randomly selected seed, the proportion of seeds floating in water (viabi-
lity rate %) was calculated.

Viability rate (%) = (100 x sunken seeds)/(floating seeds + sunken seeds)

The following characteristics will be examined in the seeds obtained as a result
of crossbreeding during the germination phase.

- Seeded berry (number)

- Seedless berry (number)

- Seed weight (100 number)

- Seed width (mm)

- Seed length (mm)

- Germination rate of seeds (%)

- Seedling formation rate (%)

- Floating seed in water (%)

- Seed viability (%)

- Shoot length of the second year’s plants (cm)
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2.3. Greenhouse Cultivation Stages

During daily checks, the viols belonging to the combinations whose germinati-
on started and whose root tips were visible were transferred to the greenhouse. The
germinated grape seeds were planted in the greenhouse in May. After two or three
cotyledons had emerged, the young plants were transplanted into deep square pots
with a diameter of 5 x 5 cm, allowing them to grow and develop in the green-
house. The plants transferred to the viols were numbered and labeled individually
according to each cross-breeding combination. In the second year, the plants were
transferred 17 x 22 cm polyethylene plastic pots in open field condition. To ensure
upright growth of the plants, a 100 cm long plant support rod was planted at the
base of the plants and the plants were tied to these rods as they grew taller.

2.4. Statistical Analysis

In the research, % ratio was taken as basis in evaluating the results of hybrid
combinations. However, analysis of variance was applied to determine the germi-
nation rate. Differences between combinations were made with Duncan’s multip-
le range test. Differences were determined at the 5% confidence interval (P <0.05).
SPSS (v.16) statistical package program was used for statistical analysis. Correlations
between the studied seed characteristics were evaluated with Pearson’s coefficients (r).

3. RESULT AND DISCUSSION

In the research, the number of seeded and seedless berries per cluster (berry
set) and the number of seeds per berry were evaluated after harvesting the clusters
(Table 3). Significant differences were determined between the hybrid combina-
tions in terms of the seed number per berry and berry set (P<0.05). The highest
number of seeded berries was obtained in the ‘Cayuga White’ x ‘Marechal Foch’
combination (146.4 number). The lowest seeded berry numbers were determined
in ‘Ulkemiz’ x ‘Marechal Foch’ (12.3 number), ‘Red Globe’ x ‘Valiant’ (25.5 num-
ber), and ‘Cayuga White’ x ‘Valiant’ (27.6 number) crossings. In this study, the
seedless small berries in the cluster were identified in the harvested clusters (Table
3). Statistical differences were found between the hybrid combinations in terms
of the number of seedless berry (P<0.05). According to the obtained results; the
hybrid combinations with the highest seedless berries were determined as ‘Cavus’
x ‘Prima’ (32.8 number per cluster) and ‘Trakya ilkeren’ x ‘Valiant’ (30.4 number
per cluster) combinations. On the other hand, the hybrid combination with the
least number of seedless berries in the cluster was determined as ‘Cayuga Whi-
te’ x ‘Marechal Foch’ (0.5 number per cluster). In this study; it has been revealed
that the cultivars/genotypes used in cross-breedings may have different effects on
berry setting, and caution should be taken, especially in cross-breedings with the

https:/doi.org/10.7161/0muanajas 1458668 d



Seed and Germination Characteristics of Different Hybrids...

“Trakya Ilkeren’ cv. Since the aim of breeding studies based on cross-breeding is to
achieve the highest possible number of seeds, thus obtaining different individuals
according to the principles of expansion, it becomes important to know the effects
of pollination method and technique on seed development as well as fruit set (Ma-
rasali and Ergiil 1997). In addition, between grape varieties in terms of cross-bree-
ding compatibility and potential are an important process for berry set (Sabir and
Kiigitkbasmaci, 2020). In this study, the number of seeds per berry varied between
1.5 and 3.0 depending on the hybrid combination. The least seed number per berry
was obtained at both ‘Ulkemiz’ x ‘Marechal Foch’ and ‘Trakya ilkeren’ x Valiant’
(1.5 seed/berry) crossings. The highest seed number per berry was determined
at ‘Red Globe’ x “Valiant’ combination. This result shows that parentage especially
mother plant can be effective on seed numbers of the berries. In the study, the
highest number of seeds was obtained from crosses when used ‘Red Globe’ as the
mother (Table 4). In this way, Sabir (2011) implanted that the berry settings of the
crosses were varied depending on the pollinators. Also, pollen source significantly
affects cluster size (Sabir and Kii¢itkbasmaci, 2020). Sabir et al., (2020) found that
the berry set in “Trakya ilkeren’ cultivar ranging from 21.3% (self-pollination) to
23.7% (hand-pollination). Kowalczyk et al. (2022), determined that the number
of germinating pollen grains on the stigma and the number of pollen tubes at the
base of the pistil were statistically the highest in ‘Solaris, ‘Marechal Foch, ‘Aurora,
‘Bianca, and ‘Muscat Odesskij’ cultivars. Similar result reported by Dardeniz et al.
(2011) that there were differences in the size and number of berries obtained as a
result of pollination of the ‘Cavus’ grape cultivar with different pollinators. Atak et
al. (2019) found that in terms of the number of seeds per cluster, the combination
using ‘Cavus’ x ‘Crimson Seedless’ (148.7 seeds per cluster) combination gave the
highest number of hybrid seeds. They reported that although a large number of
seeds were obtained in combinations in which ‘Cavus was used as the main, the
viability rates remained lower than in combinations in which ‘Red Globe’ and ‘Kof-
teci’ grapes were used as the main. However, the researchers stated that the com-
binations in which the ‘Red Globe, ‘Kofteci’ (Vitis labrusca) and ‘Cavug cultivars
were used as the main ones came to the fore, and that in almost every combination
in which these varieties were crossed, they gave better results in terms of both seed
number and viability, and that in the cross-breeding studies to be carried out in the
following years. Our findings in ‘Cayuga White’ x ‘Marechal Foch’ and ‘Cavus’ x
“Yalova Incisi’ crossings gave the highest berry set compare to the other combina-
tions (146.4 and 109.3 berry per cluster, respectively). On the other hand, the least
seedless berry has been found in ‘Cayuga White’ x ‘Marechal Foch’ crossings. Simi-
lar findings determinated from Karatas et al. (2007) that among pollinated grape
cultivars with ‘Kalecik Karast, the highest berry set rate (38.0%) was obtained in
‘Hamburg Misketi, while the lowest rate (18.0%) was found in ‘Riesling’ cultivar.
Morever, in our study; the highest berry set was obtained when the ‘Cavug cv.
was pollinated with ‘Yalova Incisi. In the light with these results, ‘Yalova Incisi is
recommended as a pollinator for ‘Cavus’ cultivar.
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Table 3. Effects of Cross-Breedings on berry set and seed number per berry

Crossings ID Seeded Berry Seedless Berry Seed Number
Number Per Cluster Number Per Cluster Per Berry
Cavus x Yalova Incisi 109.3+17.2 ab* 14.8+5.0 be 2.5+0.5 ab
Cavus x Trakya Ilkeren 47.5+22.5 cde 7.3+4.5¢c 2.240.4 ab
Cavus x Marechal Foch 76.3+23.8 bed 19.749.7 abc 2.0+0.6 ab
Cavus x Prima 87.7+24.2 bc 32.8+8.6a 2.3+1.0 ab
Cavus x 1103P 42.0+18.6 cde 5.0£6.2 ¢ 2.3+1.0 ab
Red Globe x Ulkemiz 40.6%22.1 cde 4.0+5.7 ¢ 2.5+0.7 ab
Red Globe x Valiant 25.042.8 de 5.3+8.4 c 3.0£0.0 a
Celiksu x Marechal Foch 24.3£14.0 de 10.0+7.3 ¢ 1.8+0.6 b
Celiksu x Valiant 32.8+7.8 cde 3.0£0.5 ¢ 2.0+0.0 ab
Ulkemiz x Marechal Foch 12.3+5.6 3.4+33¢ 1.5+0.4 b
Cayuga White x Valiant 27.6+20.4 de 3.3%53 ¢ 1.7+0.6 b
Cayuga White x Marechal Foch 146.4+33.7 a 0.5+0.6 ¢ 1.8+0.8 b
Trakya Ilkeren x Valiant 55.549.2 b-e 30.4+2.0 ab 1.5+0.5b
Significiance P<0.05 P<0.05 P<0.05
*SEM 4.924 1.623 0.091

*SEM: Standard errors of the means. Means followed by similar letters are not statistically different (P<0.05) as com-
pared by Duncan’s multiple range test.

The average 100 seed weights obtained from the harvested cluster before ger-
mination, and the weights of the hybrid combinations were determined (Table 4).
Seed weights showed statistically significant differences (P<0.05), and seed weights
varied between 2.7 and 6.0 g depending on the hybrid combinations. Among the
combinations examined, the lowest average seed weight was determined to be at
the ‘Cavug’ x “Trakya Ilkeren’ (2.7 g) and ‘Trakya ilkeren’ x “Valiant’ (2.9 g) com-
binations. Despite that; ‘Celiksu’ x ‘Marechal Focl’ (6.0 g) and ‘Celiksu’ x “Valiant’
(5.8 g) crossings were the heaviest seed combinations. In the study, it was observed
that the seed weights, width and length obtained from cross-breedings with the cv.
‘Cavus’ showed differences depending on the pollinator (father). It was determined
that seed weights of the ‘Cavug crossings varied between 2.7 g and 3.7 g, and that
there were differences in seed weights according to pollinator. Accordingly, while
the lowest seed weight was obtained by pollinating the ‘Cavug’ with the “Trakya
flkeren’ (2.7 g), the seed weight obtained by hybridizing with ‘Marechal Foch’ inc-
reased and was determined to be 3.7 g.
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Table 4. Seed weight, seed width and seed length of the hybrid combinations.

Crossings ID 100 Seed Weight (g)  Seed Width (mm)  Seed Length (mm)
Cavus x Yalova Incisi 34402 g* 3.86+0.25 ef 6.3840.35 ¢
Cavus x Trakya Ilkeren 2.740.1h 3.82+0.21 ef 5.96+0.20 h
Cavus x Marechal Foch 3.7+0.2 f 3.98+0.08 de 5.94+0.22 f
Cavus x Prima 2.940.1h 3.68+0.17 f 5.45+0.12 g
Cavus x 1103P 3.5+03¢g 4.10+0.15d 6.47+0.20 de
Red Globe x Ulkemiz 3.9+0.1e 3.77+0.17 f 7.50£0.36 b
Red Globe x Valiant 3.9+0.1e 4.00+0.12 de 7.98+0.32 a
Celiksu x Marechal Foch 6.0+0.2a 4.85+0.10 a 7.04+0.20 ¢
Celiksu x Valiant 5.8£0.3 a 4.70£0.21 ab 6.70+0.34 d
Ulkemiz x Marechal Foch 5.2+0.1b 4.63+0.19b 6.31£0.24 ¢
Cayuga White x Valiant 4.3+0.1d 4.14+0.17 d 6.38£0.21 e
Cayuga White x Marechal Foch 4.6+0.1 ¢ 4.37+0.17 ¢ 6.53+0.18 de
Trakya Ilkeren x Valiant 2.9+0.1h 3.78+0.11 f 5.7240.26 f
Significiance P<0.05 P<0.05 P<0.05
*SEM 0.017 0.02 0.02

*SEM: Standard errors of the means. Means followed by similar letters are not statistically different (P<0.05) as com-
pared by Duncan’s multiple range test.

When the seed width values of the grape seeds obtained in the research were
examined, significant differences were observed between the combinations. In this
topic; while Ledbetter and Shonnard (1991) considered grape varieties with a sing-
le seed weight of 20 mg or less as rudimentary. Ramming et al. (1990) accepted
25 mg as the threshold value for abortive seeds formed as a result of embryo and
endosperm degeneration. Baris et al. (1991) examined the seeds and there was no
germination was observed in seeds weighing less than 20 mg. On the other hand;
Ergoniil et al. (2023) in determining seedless individuals, taking into account the
single seed dry weight data, individuals with a single seed dry weight below 20 mg
were classified as seedless, and individuals with values above 20 mg were classified
as having seeds. In this research, the lowest seed weight of 27 mg was obtained in
the combination of ‘Cavus’ x “Trakya Ilkeren’ This value was found to be above
the minimum seed weight reported by the researchers. In this way; Ramming et
al. (1990) stated that the germination rates of seeds of early maturing grape varie-
ties are poor. In this conducted study, “Trakya Ilkeren’ cv. is an early ripens and
showed lower seed germination rates than the other combinations. Ergoniil et al.
(2021); stated that in many early ripen grape varieties, embryos degenerate at cer-
tain stages of seed development and they found the germination rate of the ‘“Trakya
[lkeren’ x ‘Barig’ seeds as 2.6%. In this study, on the contrary; germination rates of
“Trakya Ilkeren’ x “Valiant hybrid seeds were found to be 38.7%.
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In the study, seed width and length showed differences according to crossing
combinations. The highest seed width was obtained from ‘Celiksu’ and ‘Ulkemiz’
crossings. On the other hand, the longest seeds were determined in ‘Red Globe’
crosses (Table 4). Among the hybrid combinations examined, the highest seed
width was determined as ‘Celiksu’ x ‘Marechal Foch’ (4.85 mm) and ‘Celiksu’ x
“Valiant’ (4.70 mm). The combinations with the lowest seed width are; it was de-
termined as ‘Cavug’ x ‘Prima’ (3.68 mm), ‘Red Globe’ x ‘Ulkemiz’ (3.77 mm) and
“Trakya [lkeren’ x “Valiant’ (3.78 mm). In the study; ‘Celiksu’ (V. labrusca) cultivar
gave the highest seed width and seed weight. Differences were determined between
hybrid combinations in terms of seed length (p<0.05). Seed lengths of the hybrid
combinations examined are given in Table 4. Among the hybrid combinations, the
combination with the highest seed length was determined as ‘Red Globe’ x ‘Valiant’
(7.98 mm) and ‘Red Globe” x ‘Ulkemiz’ (7.50 mm) crossings. On the other hand,
the shortest seed length was determined as ‘Cavus’ x ‘Prima’ (5.45 mm), ‘Cavus’
x ‘Marechal Foch’ (5.94), and ‘Trakya Ilkeren’ x “Valiant’ (5.72 mm) crossings. As
a matter of fact, Odabasioglu and Giirs6z (2020) determined the seed width and
length as 3.62-5.82 mm in the “Trakya Ilkeren’ and 4.21-7.78 mm in the ‘Red Globe’
cultivars. In this subject, Martin-Gémez et al. (2020) stated that V. labrusca seeds
larger than V. vinifera seeds. The findings of the researchers are similar to our obta-
ined results. The seeds of the ‘Red Globe’ gave the longer seeds and the seeds of V.
labrusca grapes produced larger seeds than the other cultivars.

In floating tests performed to determine seed viability before germination, and
showed significant differences in seed viability were obtained between hybrid com-
binations (Table 5). The highest seed viability rate was determined as the combina-
tions with the lowest floating seed rate, while the lowest viability rate was evaluated
as the combination with the highest floating seed rate. According to the obtained
results; the highest floating seed rate rates were actually obtained in the combi-
nation of ‘Trakya Ilkeren’ x ‘Valiant’ (50.4%) and ‘Cavus’ x ‘Prima’ (45.32%). The
highest seed viability rates are; the combinations with the lowest floating seed rates
were ‘Red Globe’ x “Ulkemiz’ (5.64%), ‘Celiksu’ x ‘Marechal Foch’ (3.78%), ‘Celiksu’
x ‘Valiant’ (7.63%), ‘Ulkemiz’ x ‘Marechal Foch’ (4.92%), and ‘Cayuga’ x “Valiant’
(6.52%) crossings. These viability rates obtained in hybrid combinations varied de-
pending on the parents. In the research, the lowest seed viability rate was obtained
from the combination of “Trakya [lkeren’ x ‘Valiant’ crossings. This result reveals
that caution should be taken when using the ‘Trakya lkeren’ cultivar in cross-bre-
eding and that cross-breeding should be done in more bunches to obtain a large
number of seeds. As a matter of fact, on this subject, Uzun et al. (1995) reported
that the “Trakya Ilkeren’ grape cultivar had soft seeds and a rudimentary structure.
Ledbetter and Shonnard (1991) considered Vitis vinifera grape varieties with a seed
size of 2 mm or less or a seed weight of 20 mg or less as rudimentary. In the results
of this study shows that the pollinator had a significant effect on the viability of the
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seed in the cross-breedings made with the ‘Cavug’ grape. In the cross-breedings;
when we made with the ‘Cavug’ cultivar, it was determined that the combination of
‘Cavug x ‘Marechal FoclY crossing had the lowest floating seed rate and therefore
gave the highest seed viability rate (Table 5). In order to determine the viability
of seeds, Karatas et al. (2007) determined that 1350 of 1537 seeds were alive as a
result of the floating test. Many researchers also reported that the ‘Cavus grape
cultivar has empty seeds, and 99.5% of the seeds in this cultivar are empty (Atak
and Sen, 2021; Ergoniil et al., 2021; Fidan and Cemali, 1974). In our study; for
‘Cavus cultivar, the empty seed ratio varied between 11.7% and 45.3% depending
on the pollinators. This result was found to be lower than the findings obtained by
different researchers. Morover, before germinating the seeds, performing a water
floating test to determine the viable seeds and separating the non-viable seeds will
increase the germination rate.

Table 5. Floating seeds, germinating, seedling formation rates (%) and shoot
length of the seedlings of the hybrid seeds

. Seed Floating ~ Seed Germination  Seedling Survival 2™ Year’s Shoot
Crossings ID

Rates (%) Rates (%) Rates (%) Length (cm)
Cavus x Yalova Incisi 16.3+0.7 abc 65.3+5.7 ab 52.67+6.2 ¢ 82.6+4.9 ab
Cavus x Trakya [lkeren 26.0+1.1 abc 17.74¢5.7d 17.00+2.1 e 75.249.2 a-d
Cavus x Marechal Foch 11.740.5 be 40.7£5.7 ¢ 35.33+6.5d 78.0+2.4 a-d
Cavus x Prima 45.3+3.4 ab 39.3+5.7 ¢ 33.33+2.4d 65.1+7.9 de
Cavug x 1103P 27.3%1.1 abc 43.0+5.7 ¢ 40.67+2.7 d 86.9+2.5a
Red Globe x Ulkemiz 5.6£0.2 ¢ 84.0+8.1a 72.67+6.4b 79.9+1.5 a-c
Red Globe x Valiant 16.2+1.8 abc 38.3+5.7 ¢ 71.33+5.0 b 76.7+1.5 a-d
Celiksu x Marechal Foch 3.8£0.3 ¢ 78.7+8.1a 77.33+5.0 ab 68.6+3.7 c-e
Celiksu x Valiant 7.6x0.7 ¢ 72.3+5.7 a 69.67£1.5b 74.1£3.6 a-d
Ulkemiz x Marechal Foch 4.910.6 ¢ 51.7+5.7 be 4933182 ¢ 59.7t1.6 e
Cayuga White x Valiant 6.5£0.5 ¢ 84.3+5.7a 78.00+9.5 ab 86.6+2.2a
Cayuga White x Marechal Foch 29.8+4.4 abc 81.745.7a 81.67+7.5a 90.9+2.0 a
Trakya Ilkeren x Valiant 50.4+3.4 a 38.7+8.1¢ 37.33+5.0d 72.4%+3.6 b-e
Significiance P<0.05 P<0.05 P<0.05 P<0.05
*SEM 4.244 1.765 0.757 1.192

*SEM: Standard errors of the means. Means followed by similar letters are not statistically different (P<0.05) as com-
pared by Duncan’s multiple range test.

The results obtained by germinating seeds of hybrid combinations are given
in Table 5. Among the combinations examined, the lowest seed germination rates
were found in the seeds obtained from crosses with the ‘Cavug’ cultivar, compared
to other combinations with lower germination rates. In the combinations in which
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the ‘Cavug cultivar was used, the highest germination rate was obtained from the
cross-breeding of ‘Cavus’ x ‘Yalova Incisi’ And also; the germination rate of seeds
belonging to the cross-breeding of ‘Cavus’ x ‘Trakya Ilkeren’ and ‘Trakya ilkeren’ x
‘Valiant’ was also determined to be quite low. According to the results of the rese-
arch, it was seen that the ‘Yalova Incisi’ grape cultivar would be a good pollinator
for the ‘Cavug. In the research; in the crosses made with the ‘Red Globe, high ger-
mination rates were obtained at the rates of ‘Red Globe’ x ‘Ulkemiz’ (84.0%) and
‘Red Globe’ x Valiant’ (76.7%). Additionally, ‘Cayuga White’ x “Valiant’ (84.3%) and
‘Cayuga White’ x ‘Marechal Foch’ (72.3%) followed by hybrids. According to the
research results; selection of pollinator (father) is very important for high germina-
tion rate in cross-breedings with ‘Cavus, which has a female flower structure, and
the best germination rate among the pollinator used in the research was obtained
from the cross-breedings with ‘Yalova Incisi’ In addition, it would also be useful
to use ‘Red Globe’ as a parent to achieve high germination. In this research; in
terms of germination rate, ‘Cayuga White, ‘Celiksu’ and ‘Red Globe’ stood out as
the main candidates that can be preferred in cross-breedings. In the research, the
shoot lengths of the hybrids transferred to large polyethylene bags in the second
year were measured in the second week of August, according to the combinations,
and the average shoot lengths were determined (Table 5). In the research, survival
rates were determined after the germinating plants were transferred to black pol-
yethylene pots. For this purpose, the germinated plants were transferred to pots
and calculated of the seedlings survival rates in the following year. Seedling death/
drying occurred in some germinated hybrid combinations. The highest seedling
survival rates obtained from ‘Cayuga White’ x ‘Marechal Foch’ and ‘Celiksu’ x
‘Marechal Focl’ combinations as a parallel germination rate. Between germina-
ted plant’s shoot lengths showed varied depending on the crossing combinations.
According to the combinations, the longest shoot length was obtained from the
combinations ‘Ulkemiz’ x ‘Marechal Foch’ (90.9 cm), ‘Cavus’ x ‘1103 Paulsen’ (86.9
cm) and ‘Celiksu’ x ‘Marechal Foch’ (86.6 cm) combinations. In the hybrids exami-
ned, the lowest shoot growth was measured in the ‘Celiksu’ x ‘Valiant’ combination
(59.7 cm). It was observed that the shoot length of the plants obtained by crossing
the strong rootstock 1103 Paulsen and ‘Cavug increased significantly. It was also
determined that the shoot length increased when ‘Marechal Foch’ used in cros-
sed (Table 5). It is known that the pollen of pollinator grape cultivars/genotypes
in grapevines affects the berry and seed characteristics of the parent plant (Sa-
bir, 2015). It is reported that ‘Kuntra’ (Karasakiz, Mavrupalya, Makbule), ‘Vasilaki’
(Anatolia Yapincagi, Altintas) and ‘Cardinal’ cultivars are planted as pollinators for
‘Bozcaada Cavusu’ vineyards (Dardeniz et al., 2007; Dardeniz et al., 2011). Atak
and Sen (2021), stated that when ‘White Cavus was used as the maternal parent,
seed viability varied between 5.5% and 53.8%. Atak et al. (2019) reported that the
combinations in which ‘Red Globe, ‘Kofteci” (Vitis labrusca), and “‘White Cavug’
cultivars were used as the main ones stood out compared to the others. Researc-
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hers reported that the germination rate of the ‘Cavug’ grape cultivar was between
2% and 54%, depending on the pollinators. Also, Atak et al. (2019) stated that in
cross-breedings in which the ‘Red Globe’ grape cultivar was used as the maternal,
germination rates in the seeds were around 85% and that the use of the ‘Red Globe’
in cross-breedings would be appropriate in terms of producing seeds with a high
germination rate. Sabir (2011) reported that the pollen source is very important,
when Rup du Lot and 1103 Paulsen were used as pollen sources in the ‘Ttalia’ grape
cultivar, the germination rates in ‘Ttalia’ hybrid seeds were 56.7 and 60.6%, respec-
tively, and the germination rate in self-pollinated ‘Ttalia seeds was 37.4%. The ger-
mination rates of seeds were significantly higher when 1103 P and Rupestris du Lot
rootstocks (60.6 and 56.7%, respectively) were used as pollinator for ‘Italia’ grape
cultivar (Sabir, 2011). Atak and Sen (2021) stated that seed viability rates occurred
between 6.7% and 32% in crosses with ‘Kofteci’ grape (V. labrusca), depending on
the pollinizer cultivar. According to Akkurt et al. (2013), the highest germination
ratio in ‘Kalecik Karasi’ seeds were found in 0.5-1 g/L BAP + 2-3 g/L GA, +90-day
treatments. In this research, we used 1000 ppm GA, +90 dayand obtained betwe-
en 17.7% and 84.0% according to crossbreeding combinations. In this conducted
research; ‘Red Globe’ x ‘Ulkemiz’ gave the highest germination ratio (84.0%). Ma-
rasali (1992) investigated that the effect of different pollinators on the germination
ability of the seeds of ‘Cavug’ grape cultivar had no effect as pollinators. In contrast,
we found that when the pollinator changed, the seed germination rate has been
showed differences. The results of this study obtained result has been changed ac-
cording to crossings. For instance, when the ‘Cavug’ cultivar pollinated different
pollinators, the seed germination rates ranging from 17.7% (Trakya Ilkeren) and
65.3% (Yalova Incisi).

Significance of Pearson’s coefficients(r) with respect to the correlations betwe-
en all seed characters (Fig. 1). Significant relationships were obtained betwe-
en the seed parameters examined in the study. Positive correlations were found
between seed weight and seed width (r = 0.82**), seed length (r = 0.55**) and
germination ratio (r = 0.552**). In the study, it was determined that there was
a positive correlation between seed weight and germination rates. On the other
hand, negative correlations were found among to floating seed ratio and seed
weight (r = -0.492**), seed width (r = -0.320**), seed length (r = -0.454**) and
germination ratio (r = 0.591**)
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Figure 1. Pearson’s correlation coefficient between hybrid seed
characteristics is significant at the 0.01 level (1-tailed). Seed characteristics
correlation among five seed specification seed weight (g); seed width (mm);
seed length (mm); floating seed ratio (%), germination rates (%).

4. CONCLUSION

The use of American Vitis species in cross breeding studies with V. vinifera
cultivars is very important in terms of resistance to phylloxera (Daktulospharia
vitifoliae Fitch.), powdery mildew (Uncinula necator) and downy mildew (Plasmo-
para viticola). Before germinating of the seeds, performing a water floating test to
determine the viable seeds and separating the non-viable seeds will increase the
germination rate. It was seen that combinations with high germination rates could
be obtained when ‘Celiksu), ‘Red Globe’ and ‘Cayuga White’ cultivars were used as
a main parent. It seems likely that successful results will be obtained with different
pollinators by using these cultivars as mother plants in future breeding studies. On
the other hand, ‘Yalova Incisi’ can be considered as a suitable pollinator for ‘Cavus’
grape cultivar in the vineyards. In the breeding studies, using female flower type
grape cultivars that do not require emasculation are increased the berry set and
number of seeds. On the other hand; even though some researchers found the
germination rate of ‘Cavug grape seeds to be low, the results we obtained in our
research are considered satisfactory. Using of grape cultivars with morphological
hermaphrodites and physiological female flower types in cross-breeding studies
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has been found important in hybridization studies in terms of both reducing the
labor such as emasculation and providing convenience. For this purpose, it should
be developed more female flower type grapes in cross-breeding studies to be inc-
reasing the seed numbers and hybrid plant populations. The ‘Red Globe’ cultivar
is recommended as a mother plant for the development of new table grapes due
to the large berry size and high seed germination ratio. On the other hand, since
‘Celiksu” and ‘Cayuga White’ is highly resistant to fungal diseases, it can be used as
the mother plant in the development of fungal disease grapes in the future studies.
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