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Karayemiste (Laurocerasus officinalis Roemer) Ci¢ek Tozu Kalite Diizeylerinin Belirlenmesi*
Determination of Pollen Quality Levels in Cherry Laurel (Laurocerasus officinalis Roemer)

Aysegiil Fat'"®,  Neriman Beyhan?'*/,  Hiiseyin Irfan Balik?
Gelis Tarihi (Received): 25.01.2022 Kabul Tarihi (Accepted): 03.06.2022 Yayin Tarihi (Published): 22.08.2022

Oz: Bu cahismada, 2015-2016 yillarinda, Giresun Findik Arastirma Enstitiisii’niin arazisinde bulunan karayemis genotiplerinin cicek tozu kalitesi
belirlenmistir. Denemede Orta ve Dogu Karadeniz Bolgesinden segilmis 10 adet karayemis genotipi (08-02, 28-04, 52-08, 52-12, 52-17, 52-18, 52-20, 53-
05, 54-03 ve 55-04) kullanilmistir. Cigeklenme tarihleri 2015 yilinda 19 Mart ile 24 Nisan, 2016 yilinda 4 Mart ile 6 Nisan arasinda gdzlenmistir.
Ciceklenme tarihleri yillara gore farklilik gostermis, 2016 yilinda cigeklenme 15 giin daha erken baglamis ve ¢igeklenme siiresi daha kisa olmustur.
Karayemis genotiplerinde ¢igek tozu canlilik ve ¢imlenme oranlar1 %81-90 arasinda bulunmustur. 2016 yilinda elde edilen canlilik ve ¢imlenme
oranlar1 2015 yilina gore daha yiiksek olmustur. Genotiplerde anormal yapil gigek tozu miktar1 kayda deger miktarlarda bulunmamustir.

Anahtar Kelimeler: Cigek tozu canlilik ve ¢imlenme orani, TTC, petride agar

&

Abstract: In this study it has been determined the pollen quality of the cherry laurel genotypes grown in Giresun Hazelnut Research Institute in 2015-
2016. In the experiment, flowers of the trees belonging to the 08-02, 28-04, 52-08, 52-12, 52-17, 52-18, 52-20, 53-05, 54-03 and 55-04 genotypes selected
from Central and East Black Sea Region have been used. Flowering dates have been observed between March 19 th, April 24 th, at 2016, and between
March 4th and April 6th 2015. Flowering dates varied by years, started 15 days earlier in 2016 and took place in a shorter period. The flowering dates
differed according to the years, in 2016 the flowering started 15 days earlier and the flowering period was shorter. The amount of pollen viability and
germination rates of the cherry laurel genotypes was between 81-90%. The viability and germination rates obtained in 2016 were higher than in 2015.
The amount of abnormal pollen grains was not remarkable in all genotypes.

Keywords: Pollen viability rate, pollen germination rate, TTC, agar in petri dish

Auf/Cite as: Fat, A., Beyhan, N., & Balik, H. 1. (2022). Karayemiste (Laurocerasus officinalis Roemer) Cicek Tozu Kalite Diizeylerinin Belirlenmesi.
Uluslararasi Tarim ve Yaban Hayati Bilimleri Dergisi, 8(2), 166-178. DOI: 10.24180/ijaws.1062418.
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Karayemiste (Laurocerasus officinalis Roemer) Cicek Tozu Kalite Diizeylerinin Belirlenmesi

GIRIS

Karadeniz Bolgesi'ndeki meyve genetik cesitliligine katki yapan tiirlerden biri de karayemistir. Bolgede
dogal olarak yetisen karayemis (Laurocerasus officinalis Roemer), hem meyve hem de siis bitkisi 6zelliklerine
sahiptir. Giiney Dogu Avrupa, Marmara, Karadeniz’ in Dogusu, Kafkas Daglari ve Kuzey Iran’da
karayemis formlarina rastlanmaktadir. Karayemis (Laurocerasus officinalis Roemer); Rosales takiminin,
Rosaceae (giilgiller) familyasinin, Prunoideae alt familyas1 ve Prunus cinsine girmektedir. Sinonimleri
Prunus laurocerasus (L.) Mill, Padus laurocerasus (L.) Mill ve Cerasus laurocerasus (L.) Mill olarak
kaydedilmistir.

Sicak 1liman iklim meyvesi olan karayemis 6 m’ye kadar boylanan cal1 veya kii¢iik aga¢ formundadir.
Kuvvetli kok sistemi vardir. Herdemyesil olup, erselik ¢icek yapisina sahiptir ve bocekle tozlanir, Mart ve
Nisan aylarinda ¢igeklenir (Islam, 2002; Islam ve Delig6z, 2012). Arlar tarafindan polen kaynagi olarak
yiiksek diizeyde tercih edilirler (Cinbirtoglu vd., 2016). Cigeklerde orta durumlu bir disi organ (perigin),
beser adet ¢anak ve tag¢ yaprak ile 15-20 adet erkek organ bulunur. Tag yapraklar1 beyaz renktedir. Cigek
salkimi (rasemdoz) bir ana eksen etrafinda siralanmis kisa sapl1 28-30 adet ¢igekten olusur (Wang vd., 2019).
Meyveleri sekil ve irilik olarak genellikle kiraza benzer, tatli, ac1 ve buruk arasinda degisen tat 6zelliklerine
sahiptir (1slam, 2002; islam vd., 2020).

Karayemis fenolik maddeler, 6zellikle antioksidanlar ve C vitamini bakimindan oldukca zengin bir
meyvedir. Taze, kurutularak, recel, marmelat, konserve ve tursu degerlendirme sekillerinde
tiiketilmektedir. Ayrica, aroma verici katki olarak gida endiistrisinde, bazi hastaliklarin tedavisinde,
farmakolojide ve kozmetik endiistrisinde olmak tizere farkli kullanim alanlarina sahiptir (Ergiiney, 2013).

Meyve yetistiriciliginde bol ve kaliteli iiriin elde etmek Onceliklidir. Cigek tozu kalitesi tozlanma ve
dollenme agisindan 6nem tagimaktadir. Yeterli bir meyve tutumu ve verim i¢in ¢igek tozu kalitesi, ¢igek
tozu canlilik ve ¢imlenme oranlarimin yiiksek olmasi gerekmektedir. Karayemisin kendine uyusmaz
oldugu ve meyve tutumu icin yabanci tozlanma gerektigi bildirilmektedir (Siiliisoglu ve Cavusoglu,
2014a). Diger sert ¢ekirdekli meyve tiirlerinde oldugu gibi karayemiste de verimi dogrudan etkileyen
meyve tutumu igin tozlanma ve dollenme sarttir. Bu nedenle d6llenme biyolojisi kapsaminda cigek tozu
kalitesi, ¢igek tozlarinin ¢cimlenme ve canlilik oranlarinin incelenmesi bu tiirde modern yetistiricilige geciste
temel verilerin elde edilmesi bakimindan 6nemlidir (Eti, 1991; Beyhan ve Karakas, 2009).

Bu calisma, Orta ve Dogu Karadeniz Bolgesinden secilmis karayemis genotiplerinin dollenme biyolojileri
tizerinde yiiriitiilmiis ilk ¢calismadir. Calismanin amaci karayemiste ¢iceklenme tarihleri, ¢igek tozu canlilik,
¢imlenme ve ¢igek tozu {iretim potansiyellerinin belirlenmesidir.

MATERYAL VE METOT

Bu ¢alisma, 2015-2016 yillar1 arasinda Orta ve Dogu Karadeniz Bolgesinden segilmis 10 adet karayemis
(Laurocerasus officinalis Roemer) genotipleri iizerinde Giresun Findik Arastirma Enstitiisiinde yiiriitmiistiir.
Denemede 08-02, 28-04, 52-08, 52-12, 52-17, 52-18, 52-20, 53-05, 54-03 ve 55-04 numarali genotiplere ait 15
yash agaclarin tomurcuk ve ¢igekleri materyal olarak kullanmilmigtir.

Fenolojik Gozlemler

Denemeye alinan genotiplerde 2015 ve 2016 yillarinda iki y1l iist {iste ¢iceklenme baslangici, tam cigeklenme
ve cigeklenme sonu tarihleri belirlenmistir. Cigeklenme donemleri ile ilgili fenolojik gozlemler asagida
acgiklandig sekilde yapilmistir.

Ik ciceklenme: Agac iizerindeki salkimlarda bulunan ciceklerin %5-10' unun agildig1 tarih olarak
belirlenmistir.

Tam ciceklenme: Agac¢ tlizerindeki salkimlarda bulunan cigeklerin %70" inin acildigi tarih olarak
belirlenmistir.

Cigeklenme sonu: Agag tizerindeki salkimlarda bulunan cigeklerin %95'inin actig1 ve tag¢ yapraklarin
dokiilmeye basladig: tarih olarak belirlenmistir.
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Cicek Tozu Canlilik Testlerinin Yapilist

Karayemis genotiplerinde 2015 ve 2016 yilinda olmak {izere iki y1l iist {iste canlilik testleri yapilmistir. Cigek
tozu elde edilecek olan beyaz balon safhasinda ¢icekler, her genotipe ait 3 farkli agactan ve agaglarin farkl
yonlerinden sabah saatlerinde toplanmustir. Cigekler parlak siyah kagitlar iizerine serilerek anterlerin
catlamasi i¢in oda kosullarinda 24 saat bekletilmis, 0.149 mm capinda test elekleri yardimu ile ¢igek tozlar
elde edilmistir (Sekil 1).

Canlilik testlerinde TTC (2,3,5, triphenyl tetrazolium chloride) metodu uygulanmistir (Eti, 1991). Cozelti
%1’lik hazirlanmis ve ozmotik basincin korunmasi igin %60 sakkaroz ilave edilmistir. TTC ¢ozeltisi koyu
renkli bir cam sisede buzdolabinda saklanmistir. Temiz bir lam iizerine iki ayri noktaya TTC
damlatilmistir. Cigek tozu ekimi yapildiktan sonra damlaciklarin tizeri lamel ile hava kabarcig1 kalmayacak
sekilde kapatilmistir. Hazirlanan preparatlar oda kosullarinda dogrudan giines 15181 almayan normal 1s1kl1
bir ortamda 2 saat bekletilmislerdir. Bu siiresinin sonunda koyu kirmizi boyanan ¢i¢ek tozlari canli, agik
kirmizi boyananlar yari canli olarak kaydedilmislerdir.

Karayemis genotiplerinin her biri i¢in 2’ser lam kullanilmais, her lamda 2 adet lamel kapatilmis, her lamelde
en az 5 farkli alanda ortalama 100’er adet olmak {izere her genotipten yaklasik 2000 adet ¢icek tozu
sayilmuistir.

Cicek Tozu Cimlenme Testlerinin Yapilis1

Genotiplerin c¢igek tozu ¢imlenme giiglerini belirlemek icin petride agar yontemi kullanilmistir.
Cimlendirme ortamlar1 %1 agar iceren %0, %5, %10, %15 ve %20 olmak iizere 5 farkli sakkaroz (Ci2H2:011)
konsantrasyonunda hazirlanmistir (Beyhan ve Serdar, 2009). Cimlendirme ortamlar1 8-10 cm ¢apl petrilere
yaklasik 10-40 ml ve 2 mm yiikseklikte olacak sekilde dokiilmdiistiir. Ortamlar sogudugunda cicek tozu
ekimi yapilmistir. Homojen bir ekim igin test elekleri ve yumusak suluboya fir¢alarindan yararlanilmistir

(Sekil 1).

Ekimden sonra kapaklar1 kapatilan petri kutular1 24 saat siire ile karanlik ortam ve 25°C’de etiivde
inkiibasyona birakilmiglardir. Petriler inkiibasyondan sonra inceleme siiresince buzdolabinda
saklanmislardir. Isik mikroskobunda ¢imlenen ve ¢imlenmeyen ¢igek tozlar: sayilmis, ¢imlenme oranlari
% olarak hesaplanmistir. Kendi ¢apindan daha uzun ¢im borusu olusturan cigek tozlar1 ¢cimlenmis kabul
edilmistir. Her genotip icin ve her sakkaroz dozunda petrideki ortam 4’e boliinerek, her boliimde 2 farklh
alanda en az 100’er adet cigek tozu olmak tizere her sakkaroz konsantrasyonunda 800 adet ve her genotipte
toplam 4000 adet ¢igek tozu sayilmstir.

Cicek Tozu Uretim Miktarlarinin Belirlenmesi

Denemedeki cesitlere ait c¢icek tozu tretim miktarlarini belirlemek amaci ile hemasitometrik lam
kullanilmistir (Eti, 1990). Cicek ve anter basina ¢icek tozu sayisini belirlemek i¢in 6nceden beyaz balon
safhasinda alinarak FAA ¢ozeltisinde fikse edilen ¢igekler kullanilmistir.

Cigeklerdeki anterler stereo mikroskop altinda filamentlerinden ayrilarak patlayana kadar bekletilmistir.
Daha sonra 1 ml saf su ilave edilmis ve anterler cam baget yardimu ile ezilerek ¢igek tozlarinin sivi igerisine
dagilmasi saglanmistir. Cigek tozlarinin homojen bir sekilde dagilmasi i¢in karisima 1 damla sivi deterjan
damlatilmistir (Sekil 2). Hazirlanan c¢igek tozu karisimindan 0.5 ml lik otomatik pipet ile cekilerek
hemasitometrik lam iizerindeki 2 adet sayma odaciginin her birine birer damla konulmus, tizeri lamel ile
kapatilmistir. Sayimlar 1s1tk mikroskobunda yapilmistir. Hemasitometrik lam {izerinde bulunan iki adet
sayma odaciginin mikrometrik ¢izgileri arasindaki mesafe ve derinlik degerleri kullanilarak karelerin
hacmi hesaplanmistir. Bu hacim igerisinde bulunan ¢igek tozu miktari sayilarak oranti yolu ile toplam ¢igek
tozu adedi hesaplanmisgtir.

Denemede her genotip igin 4 tekerriir, her tekerriirde 6 sayim olmak {izere toplam 24 sayim
gerceklestirilmistir. Her tekerriirde 2 adet ¢igek ve ortalama 40 adet anter kullanilmistir. Hemasitometrik
lam yontemi ile iyi gelismeyen, anormal yapidaki gicek tozlarinin orani da belirlenebilmektedir. Ancak
denemede anormal yapil ¢igek tozu miktar: tiim genotiplerde kayda deger miktarlarda bulunmamustir.
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Sekil 1. Cigek tozu canlilik (TTC) ve ¢imlenme test asamalari. (A) laboratuvara getirilen ¢icek salkimlari. (B) Cicek
tozlarinin eldesinde kullanilan test elegi. (C) Canlilik preparat hazirlanisi. (D) Isik mikroskobunda canli, cansiz ve yari
canli ¢igek tozlarmnin genel goriiniimleri (Biiyiitme 20x10). (E) Cicek tozu ¢gimlendirme testinde, petri kaplarina dokiilen
ortam iizerine cigek tozu ekimleri. (F) Cimlenen ve ¢cimlenmeyen ¢igek tozlarinin genel goriiniimleri (Biiyiitme 10x10).
Figure 1. Pollen viability (TTC) and germination process steps. (A) Inflorescences brought to the laboratory. (B) Test sieve used to
take out pollen. (C) Viability slide preparation . (D) General views of living, non-living and semi-living pollen under the light
microscope (Magnification 20x10). (E) In the pollen germination test, pollen sowing on the medium poured into petri dishes. (F)
General views of germinated and non-germinated pollen (Magnification 10x10).
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Sekil 2. Cigek tozu tiretim miktarlarinin belirlenmesi. (A) Stereo mikroskop altinda anterlerin ¢igeklerden ayrilmasi.
(B) Anterlerin saat cami iizerine alinmasi. (C) Cigek tozlarinmi igeren ¢ozeltiden hemasitometrik lam odaciklarina
damlatilmasi. (D) Hemasitometrik lamin 11k mikroskobunda incelenmesi. (E, F) Cigek tozlarinin hemasitometrik lam
odaciklarindaki mikroskop goriintiisii (Bar=100 um).

Figure 2. Determination of pollen production amounts. (A) Removing of anthers from flowers under a stereo microscope. (B)
Layouting of the anthers on the watch glass. (C) Dropping of the solution containing the pollen into the hemocytometric slide
chambers. (D) Examination of the hemocytometric slide under the light microscope. (E, F) Microscopic view of pollen in
hemocytometric slide chambers (Bar=100 um).

Verilerin Degerlendirilmesi

Cicek tozu canlilik testlerinde, ¢imlendirme testlerinde ve ¢igektozu tiretim miktarlart bakimindan
genotipler arasindaki farkliigin onem diizeyinin belirlenmesinde SPSS 17 istatistik paket programi
kullanilarak varyans analizi yapilmistir. Sayilarak elde edilmis % verilerde normal dagilim gostermeyenler
ac1 transformasyonuna (Arcsin Vx) tabi tutulmustur.

Cigek tozu c¢imlendirme test verileri, 4 tekerriirlii olarak tesadiif bloklarinda 10x5 faktdryel deneme
desenine gore (genotip x sakkaroz konsantrasyonu) analize tabi tutulmustur. Canlilik testleri ve ¢igek tozu
iiretim miktar: verileri ise tesadiif bloklar1 deneme desenine gore 4 tekerriirlii ve tek faktorlii (genotip)
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olarak analiz yapilmistir. Ortalamalar arasindaki farkliliklar (P<0.01) “Duncan Coklu Karsilastirma Testi”
ile belirlenmistir.

BULGULAR VE TARTISMA

Fenolojik Gozlemler

Denemeye alinan karayemis genotiplerinde 2015 ve 2016 yillarinda ¢iceklenme baslangici, tam ¢igeklenme
ve ciceklenme sonu donemleri ile ilgili fenolojik gozlem tarihleri Cizelge 1 ve Cizelge 2" de verilmistir.
Cigeklenme tarihleri 2015 yilinda 19 Mart ile 24 Nisan, 2016 yilinda 4 Mart ile 6 Nisan arasinda gozlenmistir.
2015 yilinda genotiplerin ¢ogu Mart ayinin son haftas: ¢igeklenme baslangict doneminde iken, 2016 yilinda
bu dénem Mart ayimnin ilk haftasinda gergeklesmistir.

Cigeklenme tarihleri yillara gore farklilik gostermis, calismanin 2016 yilinda ilk yila gore ¢igeklenme 15 giin
daha erken gerceklesmistir. Ayrica genotipler arasinda da farkliliklar tespit edilmis, 52-18 nolu genotip her
iki y1lda en erken, 08-02 nolu genotip ise en geg ¢iceklenmislerdir.

Trabzon Ilinde yetistirilen 17 adet mahalli karayemis tipinde, tam ¢giceklenme tarihleri cogunlukla Nisan
aymda kaydedilmis, 20 Subat ve 25 Nisan arasinda olan tipler de gozlenmistir (Bostan ve Islam, 2003).
Sakarya Ilinde 9 karayemis genotipinde ilk ¢iceklenme 5 Mart, tam ¢iceklenme 15-20 Mart ve ¢igeklenme
sonu 30 Mart tarihinde gerceklesmis; sadece 1 tipte bunlardan farkli olarak 10-15 Nisan'da baslayan
ciceklenme ddnemi 30 Nisan’da son bulmustur (Beyhan, 2010). Samsun Ilinde karayemis genotiplerinde
en erken ¢iceklenme baslangici tarihi 19 Mart-7 Nisan, en ge¢ 21 Nisan-3 Mayz1s; ¢iceklenme sonu ise en
erken 21 Nisan ve en ge¢ 3 Mayis arasinda degismistir (Macit ve Demirsoy, 2012). Kocaeli Ilinde
karayemiste iki yil iist {iste yapilan ¢alismada cigeklenme donemleri ilk yil Nisan ayimin ortasi, ikinci yil
Nisan ayimnin ilk haftasi baslamis ve 3 hafta siirmiistiir (Siiliisoglu ve Cavusoglu, 2014a). Cigeklenme
tarihleri ekoloji ve genotip ile yakin iliskilidir (Islam, 2002).

Karayemis Genotiplerinde Cicek Tozu Canlilik Oranlar

2015 yil1 gigek tozu canlilik oranlar

Karayemis genotiplerinde 2015 ciceklenme doénemine ait cigek tozu canliik oranlar Cizelge 3'de
sunulmustur. Canlilik oranlar1 genotiplere gore farkli olmus, en diisiik 54-03'te %67.86 ve en yiiksek 28-
04’de %83.13 bulunmustur. Yar1 canli ¢igek tozu oranlar incelendiginde ise, en diisiik 28-04’de %13.67 ve
en yliksek 54-03'te %26.89 bulunmustur. Genel olarak canli ¢igek tozu yiiksek olan tiplerde yar1 canli ¢igek
tozu oraninin diisiik oldugu soylenebilir.

2015 y1hi ¢igeklenme déneminde canli+yar1 canli/2 gigek tozu oranlarina bakildiginda, genotipler arasindaki
farklarin daha az oldugu goriilmektedir. En diisiik canli+yar1 canli/2 gigek tozu orani 54-03'de %81.30, en
yliksek oran ise 28-04"te %89.97 olarak bulunmustur.

Renksiz TTC ¢ozeltisi, canli ¢igek tozu hiicrelerindeki dehidrogenaz enzimi sayesinde suda ¢oziinmeyen
kirmizi formazan kompleksine indirgenir. Kirmizi renk, ¢ok agik kirmizidan koyu kirmiziya kadar degisen
farkli renk tonlarindadir. Bu degisik kirmizi tonlar1 canliligin tahmin edilmesinde nesnelligi
etkileyebilmekte ve subjektiviteye sebep olmaktadir (Beyhan ve Serdar, 2008). Subjektiviteyi en aza
indirmek ve miimkiin oldugunca dogruya yakin sonugclar elde edebilmek igin, ¢igek tozlarinin boyanma
koyuluklarina gore canlilik seviyeleri de derecelendirilmektedir.

Karabiyik ve Eti (2015) yenidiinyada, koyu kirmizi boyanan ¢igek tozlarini “mutlak canli”, agik kirmizi
boyananlar “yar1 canli”, renksiz olanlar1 ise “cansiz” olarak kabul etmislerdir. Yar1 canli ¢igek tozlarimin
teorik olarak %50’sinin canli oldugu kabul edilmis, bu deger mutlak canli ¢igek tozu miktarina eklenerek
“canl” ¢igek tozu yiizdeleri hesaplanmistir.

2016 y1l1 gicek tozu canlilik oranlart

Denemede 2016 ¢iceklenme donemine ait ¢igek tozu canlilik oranlar1 Cizelge 4’de sunulmustur. Canlilik
oranlar1 genotiplere gore farkli olmus, en diisiik 52-08'de %77.99 ve en yiiksek 52-20'de %86.47
bulunmustur. Yari canli ¢igek tozu oranlar incelendiginde ise; canli oranin en yiiksek oldugu 52-20’de en
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diisiik %10.89 ve yine canli oranin en diisiik oldugu en yiiksek 52-08’de en yiiksek %16.97 bulunmustur.
Genel olarak canli ¢igek tozu yiiksek olan tiplerde yar1 canli ¢igek tozu orani diisiik olmustur.

Cizelge 1. Karayemis genotiplerinin 2015 yilinda ¢igeklenme dénemlerine ait fenolojik gdzlem tarihleri.
Table 1. Phenological observation dates of flowering periods of Cherry Laurel genotypes in 2015.

Genotip Ciceklenme Tam Ciceklenme
Baslangici Ciceklenme Sonu

08-02 10 Nisan 2015 17 Nisan 2015 24 Nisan 2015
28-04 23 Mart 2015 30 Mart 2015 10 Nisan 2015
52-08 23 Mart 2015 30 Mart 2015 10 Nisan 2015
52-12 23 Mart 2015 31 Mart 2015 10 Nisan 2015
52-17 23 Mart 2015 31 Mart 2015 10 Nisan 2015
52-18 19 Mart 2015 26 Mart 2015 07 Nisan 2015
52-20 23 Mart 2015 31 Mart 2015 10 Nisan 2015
53-05 23 Mart 2015 03 Nisan 2015 15 Nisan 2015
54-03 23 Mart 2015 31 Mart 2015 10 Nisan 2015
55-04 31 Mart 2015 10 Nisan 2015 17 Nisan 2015

Cizelge 2. Karayemis genotiplerinin 2016 yilinda cigeklenme donemlerine ait fenolojik gdzlem tarihleri.
Table 2. Phenological observation dates of flowering periods of Cherry Laurel genotypes in 2016.

Genotip Ciceklenme Tam Ciceklenme
Baslangici Ciceklenme Sonu
08-02 26 Mart 2016 02 Nisan 2016 6 Nisan 2016
28-04 7 Mart 2016 14 Mart 2016 28 Mart 2016
52-08 7 Mart 2016 14 Mart 2016 28 Mart 2016
52-12 7 Mart 2016 14 Mart 2016 28 Mart 2016
52-17 7 Mart 2016 14 Mart 2016 28 Mart 2016
52-18 4 Mart 2016 12 Mart 2016 25 Mart 2016
52-20 7 Mart 2016 14 Mart 2016 28 Mart 2016
53-05 7 Mart 2016 14 Mart 2016 28 Mart 2016
54-03 7 Mart 2016 14 Mart 2016 28 Mart 2016
55-04 21 Mart 2016 28 Mart 2016 04 Nisan 2016

2016 yil1 ¢iceklenme déneminde canli+yar1 canli/2 gigek tozu oranlarina bakildiginda, 2015 yilina benzer
sekilde genotipler arasindaki farklarin daha az oldugu goriilmektedir. En diisiik canli+yar1 canli/2 ¢igek
tozu orani, canli gigek tozlarinda oldugu gibi 52-08'de %86.47, en yiiksek oran ise yine 52-20'de %91.92
olarak bulunmustur.

Genel olarak sert gekirdekli meyvelerde oldugu gibi karayemiste de yeterli diizeyde déllenme ve meyve
tutumu igin ¢icek tozu kalitesi, ¢icek tozu canlilik ve ¢cimlenme oranlarinin yiiksek olmasi gerekmektedir.
Siiliisoglu ve Cavusoglu (2014b) karayemiste ¢igek tozu canlilik oranlarinin, TTC testinde genotiplere bagh
olarak %86.87 ile %97.69 arasinda degismis oldugunu bildirmistir. Ayrica, diger Prunus tiirleri tizerinde
yapilan bazi calismalar ile bu tez ¢alismasinda elde edilen sonuglar benzerlik gostermektedir (Beyhan ve
Karakas, 2009; Paydas vd., 1998; Siityemez ve Eti, 1995).

Bu tez ¢alismasinda her iki yilin canlilik test sonuglar: topluca karsilastirildiginda, canli gigek tozu oranlari
ile canli+yari canli/2 gigek tozu oranlari 2016 yilinda biraz daha yiiksek bulunmustur. Iklim kosullarinin ve
beslenme durumunun degismesinden dolayi, meyve tiirlerinde gigek tozu canlilik oranlarinin da yillara
bagl olarak farkli olabilecegi bildirilmektedir (Beyhan ve Serdar, 2008, 2009; Beyhan ve Karakas, 2009;
Kocaman vd., 2012).
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Cizelge 3. Karayemis genotiplerinde 2015 ¢iceklenme donemi ¢igek tozu canlilik oranlari (%).
Table 3. Pollen viability rates (%) in 2015 flowering period in Cherry Laurel genotypes.

Genotip Canli Yar1 Canli Canl1 + Yar1 Canli/ 2
08-02 76.28 abc 18.65 be 85.60 abc
28-04 83.13a 13.67 ¢ 89.97 a
52-08 81434 1597 ¢ 89.42a
52-12 80.10 ab 17.09 be 88.65 a
52-17 79.38 abc 18.41 be 88.59 a
52-18 79.02 abc 16.01 ¢ 87.02 ab
52-20 72.38 cd 2197 b 83.36 bc
53-05 73.43 bed 18.81 be 82.83 be
54-03 67.86 d 26.89 a 81.30c
55-04 76.11 abc 21.67 b 86.94 ab

Aynu siitunda farkli harfle gosterilen ortalamalar arasindaki fark énemlidir (P<0.01)

Cizelge 4. Karayemis genotiplerinde 2016 ¢iceklenme donemi ¢igek tozu canlilik oranlari (%).
Table 4. Pollen viability rates (%) in 2016 flowering period in Cherry Laurel genotypes.

Genotip Canl Yar1 Canl Canl1 + Yar1 Canl1 /2
08-02 80.55 be 16.25 ab 88.67 bc
28-04 82.94 ab 13.24 cd 89.56 ab
52-08 7799 ¢ 16.97 a 86.47 ¢
52-12 84.63 a 12.41 cd 90.84 ab
52-17 84.15a 11.06 d 89.68 ab
52-18 83.30 ab 14.32 be 90.46 ab
52-20 86.47 a 10.89 d 91.924a
53-05 83.08 ab 12.36 cd 89.26 b
54-03 82.94 ab 13.34 cd 89.61 ab
55-04 84.06 a 11.57 cd 89.84 ab

Aynu siitunda farkli harfle gosterilen ortalamalar arasindaki fark énemlidir (P<0.01)

Karayemis Genotiplerinde Cicek Tozu Cimlenme Oranlar

2015 y1l1 gigek tozu ¢imlenme oranlar

Denemede 2015 yil1 gigek tozu ¢imlenme oranlart bakimindan genotipler arasinda istatistiksel olarak ¢ok
onemli (P<0.01) farkhiliklar bulunmustur (Cizelge 5). Cimlenme ortami sakkaroz konsantrasyonlar1 ve
genotip x konsantrasyon interaksiyon etkileri de istatistiksel olarak ¢ok 6nemli (P<0.01) olmustur.

En yiiksek ¢imlenme oranlar1 (%88.98 ve %87.60) 52-17 ve 52-20 nolu genotiplerde, en diisiik oran ise 08-
02 nolu genotipte bulunmustur. Cimlenme ortami sakkaroz konsantrasyonlarinin etkilerine bakildiginda
ise, cimlenme oranlar1 artan sakkaroz konsantrasyonlarina bagli olarak %0’dan %15’e kadar artmis, %20’de
biraz azalmistir. En yiiksek ¢imlenme oranlar1 %15 sakkaroz konsantrasyonunda saptanmistir. Denemeye
alinan karayemis genotipleri i¢in 2015 yilinda optimum ¢imlendirme ortami sakkaroz konsantrasyonu %15
olarak belirlenmis, Siiliisoglu ve Cavusoglu'nun (2014b) da karayemiste yaptiklar: ¢alisma ile uyumlu
olmustur. In vitro gigek tozu ¢imlendirme denemelerinde, ¢cim borularimin biiyiimesi igin metabolik enerji
kaynag1 ve besin maddelerine ihtiyag vardir. Bu enerjiyi saglamasi bakimindan sakkaroz énemli bir besin
maddesidir. Sakkaroz ayn1 zamanda ozmotik diizenleyici olarak, polen ile ¢cimlenme ortami arasindaki
ozmotik basing dengesinin benzer olmasin saglar. Bu nedenle, ortamlarin degisik konsantrasyonlarda
seker igermeleri ¢igek tozlarinin ¢cimlenme giigleri tizerine etki etmektedir (Eti, 1991).
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Genotipler arasinda ¢igek tozu ¢imlenme oranlart bakimindan istatistiki farklilik bulunmakla birlikte,
oranlar arasindaki deger farkinin gok fazla olmadig1 goriilmektedir. Incelenen karayemis genotiplerinde
belirlenen optimum ¢igek tozu ¢gimlenme oranlar1 %77.95 ile %88.98 arasinda degismistir (Cizelge 4.8). Cesit
aday1 olabilecek {imitvar karayemis genotiplerinde, cigek tozu kalitesinin yiiksek olmasi 1slah ¢alismasina
olumlu yonde katki saglayacaktir. Meyve tutumunun gerceklesmesi ve yeterli bir verim igin ¢igek tozu
canlilik ve ¢imlenme oranlarinin yiiksek olmasi biiyiik 6nem tasimaktadir.

Calismada 2015 yili ¢igek tozu ¢imlenme oranlari ile (Cizelge 4.8) yine ayn1 yilda canlilik oranlar1 (Cizelge
4.6) karsilastirildiginda, 52-20, 53-05 ve 54-03 nolu genotipler hari¢ digerlerinde canlilik oranlarinin
cimlenme oranlarindan daha yiiksek oldugu goriilmektedir. Ancak 52-20, 53-05 ve 54-03 nolu genotiplerde
canlilik oranlar1 (canli+yari canli/2) ¢cimlenmeye gore biraz diisiik bulunmustur. Bu genotipler igin yar1
canli olarak kabul edilen ¢i¢ek tozlarinin yaridan fazlasinin ¢cimlenme yeteneklerinin oldugu séylenebilir.

2016 yil1 cigek tozu cimlenme oranlar

Denemeye alinan karayemis genotiplerinde 2016 yili ¢icek tozu ¢imlenme oranlar1 bakimindan genotipler
arasinda istatistiksel olarak ¢ok 6nemli (P<0.01) farkliliklar bulunmustur (Cizelge 6). Farkli sakkaroz
konsantrasyonlarinin ve genotip x konsantrasyon interaksiyon etkileri de ¢ok 6nemli (P<0.01) olmustur.

En yiiksek ¢cimlenme oranlar1 (%91.40, %91.24 ve %91.21) 52-17, 53-05 ve 52-18 nolu genotiplerde, en diisiik
oran ise 52-08 nolu genotipte bulunmustur. 52-17 nolu genotip, her iki yilda da istatistik olarak en yiiksek
cimlenme gosteren grupta yer almistir. Calismamizda elde edilen ¢icek tozu ¢imlenme oranlar Siiliisoglu
ve Cavusoglu'nun (2014b) bildirdiklerinden yiiksek olmustur.

2016 yilinda, %0’dan %20’ye kadar artan sakkaroz konsantrasyonlarina bagli olarak ¢cimlenme oranlar1 da
artig gostermis, en yiiksek cimlenme oranlar1 %20 sakkaroz konsantrasyonunda saptanmisgtir. 2015 yilinda
optimum sakkaroz konsantrasyonu %15 olurken, 2016 yilinda %20 olarak belirlenmistir.

2015 ve 2016 yilimin ¢imlendirme test sonuglar1 karsilastirildiginda, 2016 yilinda sonuglar daha yiiksek
bulunmustur. Cigek tozu canlilik ve ¢cimlenme oranlar tiir, gesit ve ekolojiye bagli olarak degismektedir.
Bir¢ok meyve tiiriiniin ¢igek tozu canlilik ve ¢cimlenme oranlar {izerinde, ekolojik faktorler, cicek gelisimi,
beslenme fizyolojisi etkili olmus ve yillar arasinda énemli farkliliklar ortaya konmustur (Beyhan, 1993;
Beyhan ve Serdar, 2008; Beyhan ve Karakas, 2009; Horvath vd, 2000).

Beyhan (1993), Tombul, Palaz, Cakildak, Sivri ve Kalinkara findik cesitlerinde optimum ¢imlenme
oranlarini sirasiyla %75.75, %57.02, %60.38, %66.74 ve %68.37 olarak belirlemistir. Balik (2018) ise ayni
cesitlerde sirasi ile %64.07, %21.60, %19.97, %29.23 ve %52.07 ¢cimlenme oranlarini bulmustur. Ozellikle
Palaz, Sivri ve Kalinkara gesitlerinde farkl: iki ekoloji ve yilda oldukga farkli sonuglar bildirilmistir.

In vitro kosullarda yapilan cigek tozu ¢imlendirme testlerinde, iklim sartlarinin yam sira cigek tozlarinin
toplanma zamani ve ¢icek tozu muhafaza kosullarinin etkili olabilecegi bildirilmistir (Stosser vd., 1996).
Cigek tozlarinin ekim sikligi, ¢cimlenme yogunlugu, ¢imlenme ortam sicakligi ve pH'nin da cigek tozu
¢imlenme oraninda etkili oldugu vurgulanmistir (Beyhan ve Serdar, 2008; Mert, 2009; Nyeki ve Buban,
1996; Taylor ve Hepler, 1997). Cicek tozu canliik testi sonuglar1 ile ¢imlendirme sonuglar:
karsilastirildiginda, canlilik testlerinde daha yiiksek oranlar edildigi ortaya ¢ikmaktadir. Diger yandan,
cicek tozu canlili1 ve ¢cimlenme orani arasinda giiglii bir iliskinin oldugu belirtilmistir (Novara vd., 2017).

Floral biyoloji ve d6llenme biyolojisi ile ilgili konularda temel bilimsel verilerin elde edilmesi basta olmak
tizere, ¢igek tozu kalitesi, canlilik ve ¢imlenme yeteneklerinin belirlenmesi ile ilgili testler farkli amaglar
icin yaygin bir sekilde kullanilmaktadir. Kendileme ve degisik kontrollii melezleme c¢alismalarinda,
tozlayicilarin meyve tutumuna etkisi, ebeveyn olarak uygun olup olmadiklari in vivo da belirlenir. In vivo
calismalardan elde edilecek sonuglarin tahmin edilmesinde ve degerlendirilmesinde bir karsilastirma
kriteri ve destekleyici olmasi bakimindan in vitro ¢igek tozu canliik ve cimlendirme testleri énem
kazanmustir, birlikte degerlendirilmektedirler (Beyhan ve Karakas, 2009).

In vitro ¢imlendirme testlerinde kullamilan suni ortamlar, stigma yiizeyine benzetilmeye calisilmistir.
Cimlendirme ortamlari miimkiin oldugunca optimize edilmigse de, polenin stigma ve stil ile olan
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metabolik etkilesimi saglanamayacagindan, bazi arastiricilar bu ortamlarin polenin ger¢ek performansinin
saptanmas i¢in yeterli olmayacagini ileri siirmiislerdir. Bu nedenle in vitro ¢imlendirme testlerinde
polenin gercek ¢imlenme performansinin bulunamayabilecegi ifade edilmistir (Nyeki ve Buban, 1996;
Taylor ve Hepler, 1997).

Cizelge 5. Karayemis genotiplerinde 2015 ¢iceklenme donemi ¢igek tozu ¢cimlenme oranlar: (%).
Table 5. Pollen germination rates (%) in 2015 flowering period in Cherry Laurel genotypes.

Sakkaroz Konsantrasyonu (%)

Genotip 5 10 15 20 Ortalama
08-02 4321 tu 68.71 klmn 77.95 efght 74.20 ghijk 66.64 Imnop 66.14 ¢
28-04 55.45 s 73.89 ghijk 80.76 bedefg 77.81 efgh 71.90 1jkl 71.96 b
52-08 46.06 t 78.31 efgh 77.33 efghij 83.28 abcde  71.80 1jkI 7136 b
52-12 3748 u 74.17 ghijk 80.08 cdefgh 87.36 ab 75.92 fghij 71.00 b
52-17 64.40 mnop ~ 67.77 klmno 82.19 abcdef 88.98 a 78.42 efgh 76.35 a
52-18 60.38 prs 70.62 jkim 77.61 efght 82.93 abcde 71.49 1jki 72.61b
52-20 61.80 opr 73.83 ghijk 87.60 a 83.62 abcde 73.86 ghijk 76.14 a
53-05 39.54 u 62.88 nopr 85.99 abcd 86.09 abcd 80.14 cdefgh 70.93 b
54-03 56.78 rs 65.47 Imnop 78.40 efghi 85.78 abcd 77.02 efghyj 72.69b
55-04 3788 u 73.67 hijk 79.82 defgh 86.82 abc 79.37 defgh 7151b
Ortalama  50.30 e 70.93 d 80.77 b 83.69 a 74.66 ¢

Farkli harfle gosterilen ortalamalar arasindaki fark dnemlidir (P<0.01)

Cizelge 6. Karayemis genotiplerinde 2016 ¢igeklenme donemi ¢igek tozu ¢cimlenme oranlar1 (%).
Table 6. Pollen germination rates (%) in 2016 flowering period in Cherry Laurel genotypes.

Sakkaroz Konsantrasyonu (%)

Genotip Ortalama
0 5 10 15 20
08-02 3223 n 45.75 klm 73.60 f 8581 e 88.56 abcde 65.19 abc
28-04 30.25n 43.18Im 68.54 hyj 88.14 abcde 90.27 abcd 64.08 bed
52-08 31.12n 4245 m 65.14 88.42 abcde 90.21 abed 63.47 d
52-12 30.36 n 47.68 k 69.47 gl 88.00 abcde 90.89 ab 65.28 abc
52-17 29.12n 46.04 kI 68.48 hij 87.07 cde 91404 64.42 abcd
52-18 29.13 n 47.05 k 71.52 foh 8594 ¢ 91.21a 64.97 abcd
52-20 2558 0 45.64 klm 70.09 gh 86.95 cde 91.01 ¢ 63.86 cd
53-05 30.90 n 47.60 k 7211 fg 87.28 bede 91244 65.82 a
54-03 31.32n 47.90 k 66.03 1 86.65 de 90.55 abc 64.49 abcd
55-04 30.02n 46.17 kI 73.68 f 87.41 bede 90.65 abc 65.59 ab
Ortalama 30.00 e 45.94 d 69.87 ¢ 87.17 b 90.60 a

Farkli harfle gosterilen ortalamalar arasindaki fark énemlidir (P<0.01)

Cicek tozu ¢imlendirme testlerinde sonucu olumsuz etkileyebilecek ortam sicakligi, nem ve substrat olarak
kullanilan maddelerin 6zellikleri gibi degisken dis faktorlerin canlilik testlerinde bulunmamasi nedeniyle,
canlilik testlerinin ¢imlendirme testlerine gore gercege daha yakin sonuglar verdigi one siiriilmektedir
(Stanley ve Linskens, 1985). Canlilik testlerinin diger iistiin yonleri ise kolay ve hizli olmalaridir.

Karayemis Genotiplerinde Cicek Tozu Uretim Miktarlart

2015 yil1 cigek tozu iiretim miktarlart

Denemeye alinan karayemis genotiplerinde 2015 yihi cigcek tozu {iretim miktarlar1 Cizelge 4.10'da
sunulmustur. Cigek tozu iiretim miktarlar1 bakimindan bir anterdeki ¢igek tozu sayis1 ve bir ¢igekteki ¢igek
tozu sayist bakimindan genotipler arasinda istatistiksel olarak ¢ok Onemli (P<0.01) farkhiliklar

———
Uluslararasi: Tarim ve Yaban Hayat: Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

175



Aysegiil FAT, Neriman BEYHAN, Hiiseyin Irfan BALIK

bulunmustur. Bir anterdeki ¢igek tozu sayisi en yiiksek 52-12 (2893 adet) ve 08-02 (2890 adet) genotiplerde,
en diisiik ise 52-18 (1605 adet) de bulunmustur. Bir ¢igekteki cicek tozu sayisi degerleri de ayn1 genotiplerde
en yiiksek (115458 adet) ve en diisiik (65815 adet) degerlere sahip olmustur.

2016 yil1 cigek tozu iiretim miktarlart

Cicek tozu tiretim miktarlar1 bakimindan bir anterdeki ¢igek tozu sayis1 ve bir ¢igekteki ¢igek tozu sayist
bakimindan genotipler arasinda istatistiksel olarak ¢ok 6nemli (P<0.01) farkliliklar bulunmustur (Cizelge
7). Bir anterdeki cigek tozu sayisi en yiiksek 55-04 (2629 adet) ve en diisiik ise 08-02’de (2100 adet)
bulunmustur. Bir cigekteki ¢igek tozu sayis1 degerleri 08-02 hari¢ diger genotiplerde istatistik olarak ayni
diizeyde gerceklesmistir. 2016 yilinda bir anterdeki ¢igek tozu sayisi ile bir ¢icekteki ¢icek tozu sayist
degerleri birbirleri ile paralel goziikmemektedir.

Karayemiste ciceklerdeki anter sayilari birbirinden farkli olabilmektedir. Deneme genotiplerinde bir
cicekte bulunan anter sayist 16 ile 23 arasinda gozlemlenmis, genel ortalama 20 adet civarindadir ve
Siiliisoglu ve Cavusoglu'nun (2014a) karayemiste bildirmis olduklari say1 ile de uyumludur.

Bir gesidin tozlayici olarak uygunlugu, ¢igek tozlarinin canlilik ve ¢imlenme yetenekleri yaninda normal
gelismis cicek tozu miktariyla da yakindan iligkilidir. Bu tez ¢alismasinda denemeye alinan karayemis
genotiplerinde morfolojik homojen ve normal gelismis ¢icek tozu oranlarinin neredeyse %100’e yakin
olduklar1 g6zlenmistir.

Yenidiinya gesitlerinde anter sayilari yiiksek olan ¢igeklerde cigek tozu sayilarinin da yiiksek, buna karsilik
bir anterdeki cicek tozu sayismin ise diisiik oldugu kaydedilmistir (Karabiyik ve Eti, 2015). Ayrica bir
cigekteki gicek tozu sayisinin anter sayisinin yiiksek olmasindan kaynaklandig1 vurgulanmustir.

Cizelge 7. Karayemis genotiplerinde ¢igek tozu tiretim miktarlar1 (adet).
Table 7. Pollen production amounts in Cherry Laurel genotypes.

2015 2016
Genotip  Bir Anterdeki Cicek Bir Cicekteki Cicek Bir Anterdeki Cicek Bir Cigekteki Cicek

Tozu Sayisi Tozu Sayisi Tozu Sayis1 Tozu Sayisi
08-02 2890 a 105313 ab 21004 82250 ¢
28-04 2352 be 95841 be 2389 be 91250 ab
52-08 2310 be 91271 be 2463 bce 93667 a
52-12 2893 a 115458 a 2427 bc 95813 a
52-17 2081 ¢ 88590 ¢ 2390 be 91292 ab
52-18 1605 d 65815 d 2550 ab 94313 a
52-20 2551 ab 100360 bc 2506 abc 89121 ab
53-05 2420 be 98500 be 2363 ¢ 97917 a
54-03 2497 abc 96646 bce 2455 be 98646 a
55-04 2701 ab 99250 be 2629 a 95729 a

Aynu siitunda farkli harfle gosterilen ortalamalar arasindaki fark énemlidir (P<0.01)

SONUC

Cigeklenme tarihleri 2015 yilinda 19 Mart ile 24 Nisan, 2016 yilinda 4 Mart ile 6 Nisan arasinda gozlenmistir.
Cigeklenme tarihleri yillara gore farklilik gostermis, 2016 yilinda 15 giin daha erken baslamis ve daha kisa
bir siirede gergeklesmistir. Ayrica genotipler arasinda da farkliliklar tespit edilmis, 52 18 nolu genotip her
iki y1lda da en erken, 08 02 nolu genotip ise en geg ¢iceklenmistir.

Meyve cesit ve genotiplerinde ¢igek tozu kalitesi, canlilik ve ¢imlenme oranlarinin yiiksek olmasi 1slah
materyali ve iyi bir tozlayic1 i¢in ana gostergelerden biridir. Karayemis genotiplerinde belirlenen ¢igek tozu
canlilik ve ¢gimlenme oranlar: birbirleri ile uyumlu olmustur. Optimum canlilik ve ¢cimlenme oranlar1 tiim
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genotiplerde %90'na ulasmistir. Bu materyal icerisinden, ¢icek tozu Kkalitesinin yiiksek olmasi 1slah
calismasina olumlu yonde katk: saglayacaktir.

Bu ¢alisma karayemis genotipleri {izerinde d6llenme biyolojisi konusunda yapilan ilk ¢alisma oldugundan
6zgiin bir degere sahiptir. Ulkemiz karayemis yetistiriciligi acisindan &nemli bir bilimsel veri ve ileride
yapilacak caligmalar icin de temel bir kaynak olusturmaktadir. Polinasyon kontrolii yoluyla yapilacak 1slah
calismalarinda, 1slah tekniklerinin uygulanmasinda destek olacak ve ayrica meyvecilikte dollenme
biyolojisi konularinda temel verilere katk: saglayacaktir.

Karayemiste genellikle meyve tutumu problemleri ve siddetli meyve dokiimleri ile karsilasilmaktadir.
Oyle ki neredeyse meyvesiz salkim ve/veya siirgiinler de ortaya ¢ikmaktadir. Bu durum ilkbahar
ciceklenme dénemindeki don zararina bagl olmakla birlikte, tozlanma noksanlig1 ve eseysel uyusmazligin
meyve tutumu iizerine olumsuz etki edebilecegi de goz ard1 edilmemelidir. Islah ¢alismalarinda verim ve
kalite 6zelliklerinin yaninda, geg cigeklenme 6zelligi ve eseysel uyusmazlik ile ilgili konulara da oncelik ve
agirlik verilmesi yararl olacaktir.
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Current Status and the Last Locations of Turkey’s Native Buxus species (Buxus sempervirens L. and
Buxus balearica Lam.) Under Threats

Tiirkiye'nin Tehdit Altindaki Dogal Simsirlerinin (Buxus sempervirens L. ve Buxus balearica Lam.) Mevcut
Durumu ve Kalan Son Lokasyonlar
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Abstract: We investigated the current status and the last locations of Turkey’s native Buxus species under threats especially with boxwood moth
(Cydalima perspectalis) in detail throught the country for the first time. Within the scope of the studies, detailed field and survey studies were carried
out to determine the latest status of existing boxwood existence in regions and provinces. The study was carried out in 26 (the existence of boxwood
is definitely 23 provinces, 3 provinces are thought to be boxwood) provinces. According to the results obtained from field studies conducted in 23
provinces, 59 districts and 195 locations for which boxwood presence information was obtained, it was determined that boxwood remained in 29
locations in 15 provinces and 23 districts. With these results, it was determined that Turkey's boxwood presence has decreased by 85%, and only 15%
of the presence of boxwood remains. Due to the continuing effect of the boxwood moth, it is under serious threat in the remaining locations. The last
remaining locations of Turkey’s native Buxus species under threats were determined and described in this first pionering research study on this matter.
We suggest urgent studies for the protection of boxwood genetic reseources in Turkey.

Keywords: B. sempervirens, B. balearica, extinction, native locations, threats, Turkey’s flora
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Ozet: Tiirkiye'nin dogal simsir tiirlerinin 6zellikle simsir giivesi (Cydalina perspectalis) tehdidi altmdaki mevcut durumu ve son lokasyonlar ilk kez
iilke genelinde detayli olarak aragtirilmistir. Calismalar kapsaminda bolge ve illerdeki mevcut simsir mevcudiyetinin son durumunun tespiti igin
detayl arazi ve etiit caligmalar1 yapilmistir. Calisma 26 (simsir mevcudiyetinin kesin olarak bilindigi 23 il ve var oldugu diistiniilen 3 ilde) ilde
gerceklestirilmistir. Simsir mevcudiyeti bilgisi alinan 23 il, 59 ilge ve 195 lokasyonda yapilan saha ¢alismalarindan elde edilen sonuglara gore, simsirin
15 il ve 23 ilgede 29 lokasyonda kaldig1 belirlenmistir. Bu sonuglarla Tiirkiye'nin simsir mevcudiyetinin %85 oraninda azaldig1 ve sadece %15'inin
kaldig tespit edilmistir. Simsir giivesinin etkisinin devam etmesi nedeniyle kalan yerlerde ciddi tehdit altindadir. Simsirler konusundaki bu ilk 6ncii
arastirma galigmasinda, Tiirkiye'nin tehdit altindaki dogal simsir tiirlerinin kalan son lokasyonlar1 ve mevcut durumu tespit edilmis ve agiklanmugtir.
Tiirkiye'de simsir genetik kaynaklarinin korunmast igin acil ¢aligmalar yapilmasini 6neriyoruz.

Anahtar Kelimeler: B. sempervirens, B. balearica, yok olma, dogal lokasyonlar, tehditler, Tiirkiye florasi
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INTRODUCTION

Boxwood plants are used as ornamental plants and for different purposes. In the past, boxwood had a
wide range of uses in industry, such as making household items, ornaments, parts of agricultural tools,
machine parts, optical and surgical instruments, and making various containers. Today, although the trade
of boxwood wood has decreased compared to the past, its use continues in some areas, especially for
sculpture and musical instrument making (Richter, 1988; Baytop, 1999; Tiirkyilmaz, 2004). In addition, its
durable and showy green leaves are used in various ceremonies and festivals (Record and Garrat, 1925;
Gottwald, 1958; Brondegard, 1992). The boxwood trade in Europe reached its peak between 1860 and 1910.
In this period, it reached a processing amount of over 10.000 tons. However, the rapid depletion of large
and high-quality boxwood populations in the Caucasus, Turkey and Iran, the most important supply
region, has caused a sharp decline in the trade volume of boxwood (Gottwald, 1958). Due to the presence
of volatile alkaloids in different parts of boxwood, it has also been used in the treatment of some diseases
in alternative medicine (Akkemik and Kaya, 1998; Baytop, 1999). In many regions of Turkey where
boxwood is widespread, making spoons and ornaments from boxwood wood has continued as an
economic activity from past to present. Apart from these uses, the most important use of boxwood today
is their use as ornamental plants due to their ostentatious structures. Boxwoods are used as hedges, potted
plants and for various decorative purposes. Its shoots are used as green filling in floriculture. Boxwood is
heavily preferred in parks and gardens because it does not shed leaves in winter, has the ability to shoot,
has a beautiful appearance and can adapt to different environments (Larson, 1996; Sar1 and Celikel, 2019;
Sar1 and Celikel, 2021).

According to the records of The Plant List (2013), 104 accepted species of boxwood are distributed
worldwide. The Buxus genus can grow in a wide ecological area and even above 3000 m altitude. Buxus
species are distributed among five major geographical regions. It includes Europe, the Mediterranean basin
and the Middle East, China, Japan, Korea, Malaysia and the Philippines, Africa, the Caribbean Islands,
Mexico and South America, India, the northwestern Himalayas and the former Soviet Union regions. The
only area where Buxus is not native is North America and Australia (Larson, 1996).

Buxus species are distributed in both open and forest areas (rocky areas, broad-leaved, deciduous and
evergreen forests) along river beds, slopes and moist valleys or basins in in Turkey. According to Davis
(1982) two species of Buxus spp. naturally occur in Turkey. These are Anatolian boxwood (B. sempervirens)
and Spanish boxwood (B. balearica). Buxus spp. distributed in the flora of Turkey. In order to determine the
species and their locations, new locations were determined in addition to the locations determined by
previous researchers (Aytug, 1984; Davis, 1982; Korkmaz and Engin, 2001; Avc and Ozhatay, 2005).
According to the results of the study, in the provinces of Artvin, Rize, Trabzon, Giresun, Ordu, Sinop,
Kastamonu, Zonguldak, Bartin, Karabiik, Diizce and Bolu in the Black Sea Region, in the provinces of
Sakarya, Kocaeli, Istanbul, Bursa and Bilecik in the Marmara Region and in the provinces of
Kahramanmaras, Adana, Osmaniye, Hatay and Antalya in the Mediterranean Region studies were carried
out. In these studies new boxwood locations were determined in addition to the existing boxwood
locations. Of these locations, only B. balearica species is distributed in Adana and Antalya locations, while
both species are distributed in Hatay (Sar1, 2021; Sar1 and Celikel, 2021).

B. sempervirens L. is mostly a 1-2 m tall shrub, sometimes a 15 m tall tree. The leaves are short-stalked, long-
ovoid, full-edged, leathery and poisonous. The upper surface is bright green, the lower surface is hairy and
yellowish light green along the veins. The length of the leaves can be 1.5-3.5 cm, and the width can be 0.5-
1.5 cm. Young shoots are 4-cornered. They usually bloom from March to April. Male and female parts are
on the same flower. Each flower has 4 yellow colored stamens and the longer female stamens. The female
organ ovary has 3 eyes. There are 6 seeds in a capsule. Its seeds are 5-6 mm long, 3-angled, dark brown in
color and shiny (Davis, 1982; Kohler, 2007). Buxus balearica is an evergreen, mostly shrub form, which is
endemic to the Mediterranean Basin, generally spreading on rocks (La’zaro, 2005). B. balearica differs from
B. sempervirens L. in that it has adapted to the long summer drought, which is the main characteristic of the
Mediterranean climate. It does not exceed 4-5 m in length. Its leaves are long, egg-shaped and usually
lanceolate, 2.5-5 cm long, 1-1.5 cm wide. The ends of the leaves, which are light green on both sides, are
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rounded or slightly notched. Its shoots are hairless. It blooms from late February to May (La’zaro and
Traveset, 2005) and grows naturally up to 900 m high (Davis, 1982; Blanca et al., 1999; Kohler, 2007).

Boxwood plants have faced to the threat of extinction in recent years both in the world and in Turkey due
to the destruction mostly caused mostly by some pests and diseases. Boxwood moth (Cydalima perspectalis),
a pest native to East Asia (Inoue, 1982), has caused significant damage to natural and landscape boxwood
locations in Europe, the Caucasus and Turkey since 2006. Its spread has been by the transportation of the
eggs of the pest between regions and countries during commercial activities. The pest that was seen in
Europe in 2006 (Kriiger, 2008) entered the North Caucasus basin with the imported boxwoods for the 2012
Sochi Winter Olympics. It spread throughout the Caucasus, Georgia and spread to Artvin. Later, all Black
Sea Region and Marmara Region boxwood locations were affected (Sar1 ve Celikel, 2021). In addition, Ak
et al. (2021) reported that moth is also seen in the Mediterranean Region.

With this study, some field studies were carried out to reveal the current situation of boxwoods in Turkey
as well as to take plant samples under protection and propagation. Buxus spp. it was aimed to collect the
species and populations by determining their distribution areas and to preserve the collected material by
converting it into a gene pool. In addition, the extent of the damage caused by diseases and pests on the
locations has been tried to be revealed.

MATERIAL AND METHOD

Data Collection and Study Area
Two species of boxwood (B. sempervirens and B. balearica) distributed in Turkey were used as plant material
(Figure 1).

Figure 1. B. sempérvirens (a) a B. balearica (b) shoéfs -
Sekil 1. B. sempervirens (a) ve B. balearica (b) siirgiinii

In the study the first activity to determine the locations of the boxwood species of the Turkish flora was the
examination of previous studies on this subject. Within the scope of these studies; Basic sources such as
Flora of Turkey (Davis, 1982), Red Book of Plants of Turkey (Ekim et al., 2000), 122 Important Plant Areas
of Turkey (Ozhatay et al., 2005), as well as researches and theses on boxwood, newspaper articles were
examined, information was compiled from local people and spoon and wood craftsmen. Davis (1982)
reported that B. sempervirens L. is distributed in Kocaeli, Bolu, Zonguldak, Kastamonu, Trabzon, Rize,
Artvin, Denizli and Kahramanmaras and B. balerica Lam. is distributed in Antalya, Adana and Hatay
provinces. In addition, the locations reported by Aytug (1984) are the same as the locations reported by
Davis (1982), except for Denizli province. Also, Korkmaz and Engin (2001) reported that there is a boxwood
location at 300 m in the western part of the Kepez valley, in the Duragan district of Sinop province. In
addition to these locations previously determined by the researchers, information was collected by creating
an information collection form for the determination of new locations and sending it to sub-units and
National Park Directorates through the Regional Directorates of Forestry in the Black Sea, Marmara,
Aegean and Mediterranean Regions. 21 responses were received from the institutions. Of these forms, the
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answer was that there were no plants in 8 forms. With the information obtained from these forms, the
information about the distribution of boxwood in Turkey was obtained in 15 provinces, 42 districts and 177
locations. When the information obtained from the forms is combined with other research studies, it was
that there are boxwoods in 23 provinces, 59 districts and 195 locations throughout the country (Figure 2).
The provinces in which the presence of boxwood is detected are given in Table 1 the field program was
created by evaluating the information obtained.

Table 1. Regions and provinces with boxwood presence.
Cizelge 1. Simsir varlig: tespit edilen bolge ve iller.

Regions Provinces

Black Sea Region Artvin, Rize, Trabzon, Giresun, Ordu, Samsun, Sinop, Kastamonu
Zonguldak, Bartin, Karabiik, Diizce, Bolu

Marmara Region Sakarya, Kocaeli, Istanbul, Bursa, Bilecik

Mediterranean Region Kahramanmaras, Adana, Osmaniye, Hatay, Antalya

‘B. sempervirens B. balearica
Figure 2. Distribution areas of boxwood in Turkey.
Sekil 2. Tiirkiye'de simsir yayilis alanlar:.

Among these locations, only B. balearica species is distributed in Adana and Antalya locations, while both
species are distributed in Hatay province. In addition to these locations, the study was conducted in
Glimiishane, Denizli and Mugla. Within the scope of the whole study, field studies were carried out in 25
provinces. Within the scope of the studies of scanning the flora of Turkey, taking plant material (cuttings)
and determining the status of the population and photographing the plants.

Plant sampling from the field was carried out throughout the year mainly in autumn. During the study,
observations were made about the condition of the population studied. Determining the coordinates and
altitude of the sample point with a GPS device. It was recorded with information about the place and time
of collection. One of the examinations made during the field studies carried out is to determine the damage
caused by the boxwood moth (Cydalima perspectalis). In this context, the extent of the damage suffered by
the populations during field studies was tried to be revealed in all locations.
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Within the scope of this project, approximately 190 types of B. sempervirens species and 15 types of B.
balearica collected during field studies were collected. During the whole study, a total of 20000 km has been
travelled.

RESULTS AND DISCUSSION

Last remaining locations of boxwood in the Black Sea Region

Artvin

B. sempervirens species is widespreaded in Artvin. In the location studies, the districts of Artvin were
surveyed. It was determined that quite a few boxwoods (1-3 m tall) remained in the National Park at 550
altitude and 41°11'20.43" N, 41°44'33.36" E coordinates in the Hatila Valley National Park. Samples of these
remaining boxwoods were taken and reproduced. In studies carried out in other districts of Artvin, it
wasdetermined that the boxwood locations are completely dry (due to the effect of C. perspectalis) and there
is no greening again. It was determined that the last boxwoods, which have been severely damaged by the
pests, are in danger of extinction in the national park (Figure 3; Table 1).

Figure 3. Views of boxwood locations in Artvin province (a: boxwood remaining green, b: drying boxwood area).
Sekil 3. Artvin ilinde simgir lokasyonlarinin goriiniimii (a: yesil kalan simgirler, b: kuruyan simsirlik alan).

Rize

B. sempervirens species is widespreaded in Rize. In the location studies, the districts of Rize were surveyed.
In the village of Zilkale Meyadan in Camlihemsin district, at an altitude of 1050, it was determined that
quite a few boxwood trees remained along the road at 40°53'50.23" N 40°56'33.04" E coordinates. There is a
very large boxwood forest in the location. This forest between the road and the stream is covered with old
boxwood trees. However, the forest dried up due to the effects of pests (C. perspectalis). Information has
been obtained from various sources that some studies have been carried out on this forest. However,
studies were insufficient to save this forest. It was determined that there are very few boxwood trees left
along the road at the edge of the forest. It was reproduced by taking samples from these boxwood trees. It
was determined that the last boxwoods remaining in this location are in danger of extinction. Live
boxwoods were not encountered in studies conducted in other locations (Figure 4; Table 1).
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Figure 4. Views of boxwood locations in Rize province (a: boxwood remaining green, b: drying boxwood plants).
Sekil 4. Rize ilinde simgir lokasyonlarmin goriiniimii (a:yesil kalan simsir, b:kuruyan simsirlik alan).

Trabzon

B. sempervirens species is widespreaded in Trabzon province. In the location studies, the districts of Trabzon
were surveyed. Macka district Simsirli village at 1000-1080 altitude at 40°47'15.59” N, 39°43'49.97" E
coordinates, Arsin district Camlikyurt village at 1200 m altitude 40°42'34.07" N, 39°49'31.71" E, Arakh
district Camliktepe village 1100-1200 m at 40°4328.39" N, 40°00'56.06" E coordinates, Stirmene district,
Yenikoy 620 m altitude, 40°46'33.37" N, 40°031'0.39" E coordinates, Hayrat district Yenikdy at 840 m altitude,
40°47'26.33" N, Boxwood forests were identified at 40°22'35.56” E coordinates and at an altitude of 1074 m
in Kopriibas: district, Bityiikdoganli village, at coordinates 40°43'33.92” N, 40°07'16.00” E. However, almost
all of these forests are dried up (C. perspectalis). Only a very small number of boxwoods remaining at the
altitudes above were found and cutting was taken from these boxwoods to reproduce. Among the Eastern
Black Sea provinces, the province of Trabzon has come to the fore in terms of both the number of locations
and the maintenance of the boxwood tree that survives (Figure 5; Table 1).

, R NGRS e i NP AT 4 ) X
Figure 5. Views of boxwood locations in Trabzon province (a, b: boxwood remaining green, c: drying boxwood
plants).

Sekil 5. Trabzon ilinde simgir lokasyonlarinin goriiniimii (a,b: yesil kalan simgirler, c:kuruyan simsirlik alan).
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Giresun

In the province of Giresun, B. sempervirens species are widespreaded. In the location studies, the districts
of Giresun were surveyed. It was determined that there is boxwood forest at altitudes of 980-1000 m and
coordinates 40°37'47.64" N, 38°23'46.26" E in Dereli district Kuzalan Nature Park. Intense damage caused
by pests (the effect of C. perspectalis) has been detected in this forest. This boxwood forest in the national
park extends along the stream and goes down to Dereli district and lower altitudes. However, all boxwood
plants except the national park have dried up. This situation is seen in the location as one goes up the
stream. Yet another location was determined in Deregozii village of Dogankent district at an altitude of
40°4525.76" N, 38°53'47.39" E at 1230 m. Again, other boxwood locations on this route were found to be
completely dry. Other districts were examined, and it was observed that there were quite large boxwood
forests including several villages in the region, but these forests were completely dry (Figure 6; Table 1).

% il 3

Figure 6. Views of boxwood locations in Giresun province (a: boxwood eining green, b: drying boxwood lants).
Sekil 6. Giresun ilinde simsir lokasyonlarinin goriiniimii (a: yesil kalan simsgirler, b:kuruyan simgirlik alan).

Ordu

B. sempervirens species is widespreaded in Ordu province. In the location studies, the districts of Ordu were
surveyed. Kusnefek castle location in Kumru district, at an altitude of 730 m, spreads around and above
the Kusnefek castle hill at the coordinates of 40°51'44.84" N, 37°16'38.87" E. Its spread area is limited to the
castle location. Boxwoods in this area spread out of the stream bed. For this reason, it is thought that
boxwoods were brought to this area and proliferated in this area. The effect of the pest (C. perspectalis) is
seen in the location. It was determined that the last boxwoods remaining in this location are also in danger
of extinction. No live boxwoods were found in the studies carried out in other district locations. Other
locations have completely dried up (Figure 7; Table 1).
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Figure 7. Views of boxwood locations in Ordu province (a: boxwood remaining green, b: drying boxwood plants).
Sekil 7. Ordu ilinde simsir lokasyonlarinin goriiniimii (a: yesil kalan simsirler, b:kuruyan simsirlik alan).

Sinop

B. sempervirens species is widespreaded in the province of Sinop. In the location studies, the districts of
Sinop were surveyed. It was determined that Duragan district, Giingoren village has 400 m altitude,
41°21'07.36" N, 34°59'31.97" E coordinates boxwood forest. This boxwood was recorded as the healthiest
and most diverse boxwood forest identified in the region in the first location determination study.
However, during the visit made 2 months after the first location visit, it was determined that this forest
dries up quite quickly, except for a small number of boxwood, due to pest (C. perspectalis) factors. Again
in the Duragan district, in Boyabiikii village, it was determined from the literature records that it is a small
boxwood location at 790 m altitude, 41°17'13.80" N, 35°13'52.81" E coordinates and the location was visited.
The location is not a stream bed but a hilly place. Since the hill resembles a place with a historical identity,
it is thought that the boxwoods in this area also moved here and spread here. In this location, the symptoms
of pests have been found. There is a danger that these two locations will disappear completely in a short
time due to the diseases and pests in the locations (Figure 8; Table 1).

Figure 8. Views of boxwood locations in Sinop province (a: boxwood remaining green, b, c: drying boxwood plants).
Sekil 8. Sinop ilinde simsir lokasyonlarinin goriiniimii (a:yesil kalan simsgirler, b,c:kuruyan simgirlik alan).
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Kastamonu

B. sempervirens species is widespreaded in Kastamonu province. In the location studies, the districts of
Kastamonu were surveyed. Azdavay, 1035 m altitude, 41°35'59.17.14" N, 33°13' 55.52.34" E coordinates, the
last green boxwoods in Kastamonu province were detected in this area. The Azdavay-Pimarbas: road
continues intermittently along the way to Pinarbasi at the 5th km. However, its harmful effect (C.
perspectalis) is also present in this forest and a large part of the forest has dried up. The impact of harmful
continues. For this reason, it is very likely to disappear in this location. Living boxwoods were not found
in other districts and within the Kiire Mountains National Park, and it was determined that the boxwoods
were completely dry (Figure 9; Table 1).

= TS N T 28

Figure 9. Views of boxwood locations in Kastamonu province (a: boxwood remaining green, b, c: drying boxwood
plants).
Sekil 9. Kastamonu ilindeki simsir lokasyonlarinin goriintimii (a: yesil kalan simsirler, b,c: kuruyan simsirlik alan).

Bolu

B. sempervirens species is widespreaded in Bolu province. In the location studies, the districts of Bolu were
surveyed. Boxwoods spread over a wide area at 900-1010 m altitude, 40°28'19.25" N, 30°47'04.20" E
coordinates, which is the intersection point of Goyniik district Hisardzii, Degirmendzii and Hacitmahmut
villages, and covers the upper parts of these three villages. Boxwood forest is spread over a wide area. No
harmful factors were found in the south-facing parts of the boxwoods in the location. However, symptoms
of the pests (C. perspectalis) were seen in the north-facing parts, although they were not common. Boxwood
locations in this area are therefore endangered. In addition, this forest is the last large living area in the
Western Black Sea Region. No live boxwoods were found in studies conducted in other districts. Location
is a priority conservation areas that need (Figure 10; Table 2).
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Figure 10
Sekil 10. Bolu ilindeki simsir (B. sempervirens) lokasyonlarinin goriiniimii.

. Views of boxwood (B. sempervirens) locations in Bolu province.

Other locations

Studies were carried out in Diizce, Karabiik, Zonguldak and Bartin locations in the region, but live
boxwoods were not found. It was determined that boxwoods are drying (due to the influence of C.
perspectalis).

Table 2. The last remaining locations of boxwoods in the Black Sea Region.
Tablo 2. Karadeniz Bolgesinde kalan son simgir lokasyonlar.

Province District Village/ location name Altitude Coordinate
. . . 550 41°11'20.43” N
Artvin Center Hatila Valley National Park 41°44'33.36" E
. . . . 1050 40°53'50.23” N
Rize Camlithemsin Zilkale Meyadan village 40°56'33.04” E
oo 1000-1080 40°47'15.5"9 N
Macka Simsirlikdy 39943'49.97" E
. 1200 40°42'34.07” N
Arsin Calikyurt 39949'31.71” E
1100-1200 40°43'28.39” N
o Arakli Camliktepe 40°00°56.06” E
Siirmene Yeniko 620 40°46'33.37" N
y 40°031°0.39” E
- 840 40°47'26.33” N
Hayrat Yenikdy 40735.56” E
P e o 1074 40°43'33.92” N
Kopriibasi Biiyiikdoganh 40°0716.00” E
. 980-1000 40°37'47.64” N
- Dereli Kuzalan Nature Park 389346.26” E
Dogankent Deregézii village 1230 40°45'25.76” N
ganken regozu vitag 38%53'47.39" E
730 40°51'44.84” N
Ordu Kumru Kusnefek castle 37°16'38.87" E
Giinedre 400 41°21'07.36” N
Sine Dura ungoren 34959'31.97" E
1nop uragan Bovabiki 790 41°1713.80" N
yabtxd 35°13'52.81” E
Bolu Goyniik Hisarozii 900-1010 40°28'19.25” N
Degirmendzii 30%7'04.20" E
Hacimahmut
Kastamonu Azdavay Azdavay-Pinarbasi road 5.km 1035 41°35'59.17.14"N
33°13'55.52.34"E
—
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The last locations of boxwood in the Marmara Region

Sakarya

B. sempervirens species are widespreaded in Sakarya. In the location studies, the districts of Sakarya were
surveyed. Tarakl district Karagol plateau, Kemaler, igdedeler, Abdallar, Mahmudlar, at an altitude of 1130
m, at 40°30'26.50" N, 30°34'14.37" E coordinates, spreads over a wide area along the plateau entrance and
the plateau and covers the upper parts of these three villages. No disease or harmful factors were found in
the boxwoods in the location (Figure 11; Table 3).
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figure 11. Views of boxwood (B. sempervirens) iocations in Sakarya 'proxvince.
Sekil 11. Sakarya ilindeki simsir (B. sempervirens) lokasyonlarinin goriiniimii.

Bursa

B. sempervirens species is widespreaded in Bursa. In the location studies, the districts of Bursa were
surveyed. Mustafa Kemal Pasha district, Civilicam village, shows an altitude of 1066 m, at 39°54'09.34 "N,
28°42'59.53" E coordinates. No disease or harmful factors were found in the boxwoods in the location.
Civilicam village is considered to be an important transition location since it is the last remaining location
in this region and includes different types. Therefore, its protection is very important (Figure 12; Table 3).

L 4 o

Figure 12. Views of boxwood (B. sempervirens) locations in Bursa province.
Sekil 12. Bursa ilindeki simsir (B. sempervirens) lokasyonlarinin goriiniimii.
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Other locations
Studies were carried out in Bilecik, Kocaeli and Istanbul locations in the region, but no live boxwoods were

found. It was determined that boxwoods are drying (Due to the influence of C. perspectalis) (Figure 13).

Figure 13. Views of the dried boxwood (B. sempervirens) locations in Bilecik province.
Sekil 13. Bilecik ilindeki kuruyan simsir (B. sempervirens) lokasyonlarinin goriiniimii.

Table 3. The last remaining locations of boxwoods in the Marmara Region.
Tablo 3. Marmara Bélgesinde kalan son simgir lokasyonlari.

Province District Village/ location name Altitude Coordinate
. . 39954'09.34"N
Bursa Mustafa Kemal Pasa  Civilicam village 1066 28°42'59 53"
Karagol plateau, 40°30"26.50"N
Sakarya Tarakli Kemmaler, igdedeler, 1130 30°34'14.37"E
Abdallar, Mahmudlar

The last locations of boxwood in the Mediterranean Region

Adana

B. balearica species is distributed in Adana province. In the location studies of Adana were surveyed. It
shows distribution in Feke district, on the Belenkdy-Suphandere road, at an altitude of 900 m, at
37°52'32.65" N, 35°50'48.50" E coordinates. No disease or harmful factors were found in boxwoods in the
location (Figure 14; Table 4).

5

Figure 14. Views of boxwood (B. bﬁiearica) location in Feke district of Adana brovin(;e.
Sekil 14. Adana ili Feke ilcesindeki simsir (B. balearica) lokasyonunun goriiniimii.
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Uluslararas: Tarim ve Yaban Hayat: Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

190



Current Status and the Last Locations of Turkey’s Native Buxus species (Buxus sempervirens L. and Buxus balearica Lam.) Under Threats

Hatay

The province of Hatay is a location where both B. sempervirens and B. balearica species spread. In the location
studies, the districts of Hatay were surveyed. Samandag ile¢si Biiyiik oba village has a fairly large
boxwood forest at altitudes of 750-1250 m, with its peak at 36°11'15.98" N, 35°55'55.18" E coordinates. This
forest is very dense and healthy. No disease or harm was observed. However, at a later stage, it was
determined that the boxwood moth reached this forest and caused damage.

The other area where B. sempervirens spread in the province of Hatay is Dortyol district. Between Dortyol
and Erzin district, the Kozlu creek locality, 941 m altitude 36°14'13.73.94" N, 36°55'39.72.66" E coordinates
were studied. This boxwood forest stretches from the stream bed to the mountain peak. However, the
boxwood moth (C. perspectalis) was detected at this boxwood location. Approximately the boxwood moth
was effective in 1/3 of the forest. This determination is the first one made in the Mediterranean Region
during the studies. For this reason, boxwood moth seriously threatens the existence of boxwood in the
Mediterranean Region after the Black Sea and Marmara Regions.

The other boxwood species B. balearica, which is distributed in the province of Hatay, is distributed in the
area behind the Habib-i Neccar Mountain, Saint Pierre Church in the city center and are located in a very
small location. Boxwoods found in this area are partially threatened by construction and tourism activities
(Figure 15; Table 4).

T AC >§ ad
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Figure 15. Views of boxwood locations in Hatay province (a, b, c: B. sempervirens, d, e: B. balearica).
Sekil 15. Hatay ilinde simgir lokasyonlarmin goriiniimii (a,b,c: B. sempervirens, d,e:B. balearica).
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Kahramanmaras

B. sempervirens species spread in Kahramanmaras province. In the location studies, the districts of
Kahramanmaras were surveyed. It spreads in the mountainous area 3-4 km away from the district center
in Andirin, at an altitude of 1325 m, at 37°33'46.71" N, 36°22'56.83" E coordinates. There is no road to reach
the area, it is accessible by footpath. No disease or harmful factors were found in the boxwoods in the
location (Figure 16; Table 4).

: \ i ¢ L\ \
WRCT 2 hA ¥

wy §
Wi

igure 16. Views of boxwood locations in Kahramanmaras province (B. sempervirens).
Sekil 16. Kahramanmaras ilinde simsir lokasyonlarinin goriiniimii (B. sempervirens).

Osmaniye

B. sempervirens species spread in the province of Osmaniye. In the location studies, the districts of Osmaniye
were surveyed. Diizigi district, Diildiil Mountain spreads at altitudes of 1200-2100 m, 37°21'24.08" N,
36°28'14.05" E. the location was determined as the highest location (2100 m) reached by boxwoods (B.
sempervirens) in terms of spreading height. No disease or harmful factors were found in the boxwoods in
the location (Figure 17; Table 4).

Figure 17. Views of Diildiil Mountain boxwood locations in Diizici district of srﬁa{niye‘ province (B. sempervirens).
Sekil 17. Osmaniye ili Diizici ilgesi Diildiil dag simsir lokasyonlarinin goriiniimii (B. sempervirens).
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Antalya

B. balearica species is widespreaded in Antalya province. In the location studies, the districts of Antalya
were surveyed. It was determined that it spreads from the Adrasan castle of Musa Mountain in Kumluca
district to the summit of the mountain, at an altitude of 600-800 m, at 36°19'02.61” N, 30°28'01.11” E
coordinates. No disease or pests were found in the boxwoods in the location, but it was observed that the
boxwood population decreased considerably (Figure 18; Table 4).

Table 4. The last remaining locations of boxwoods in the Mediterranean Region.
Tablo 4. Akdeniz Bolgesinde kalan son simgir lokasyonlar1.

Province District Village/ location name Altitude Coordinate
Between Belenkdy and 37°52'32.65” N
A Fek
dana exe Suphandere 900 35950'48.50” E

36°11'15.98” N

Samandag Biiyiikoba village 725-1250 3595555 18" E
Hatay Dortyol Kozludere location 930-1050 gz:;z:gzgg;},\g
Kahramanmarag Andirin Mountainous area 1325 gzziiiéggz 1;
Osmaniye Diizici Diildiil mountain location 1300-2100 gzzgﬁgg; I};I
R

Since the existence of boxwood is mentioned in various sources in the Mediterranean region, studies have
also been carried out in Mugla, but the existence of boxwood has not been found. A maple tree of the plant
known as boxwood has been identified in the region. Due to the fact that maple is used in wood carving
and is mostly preferred for spoon making, it is named as boxwood among the people. Mixing of maple
with boxwood is also common in Antalya and Kahramanmaras.

Boxwood, which was an important plant for the people living in the states established in the Anatolian
geography in the past, was also very important in the Ottoman period. It can be described as an industrial
plant of the period, especially because of the features it had at that time. Today, with the advancement of
technology and the change in preferences, it has lost its importance in Turkey. However, the importance of
boxwood has not been lost in America and Europe and different areas of use have been developed (Mitchell
et al., 2018). Especially as an ornamental plant, it was preserved its importance and value today. Due to the
damage caused by diseases and pests in Turkey, boxwood has become the agenda again in recent years
and its importance has begun to be understood. Boxwood locations in the provinces of Artvin, Rize,
Tarbzon, Giresun, Ordu, Sinop, Kastamonu, Bartin, Zonguldak, Karabiik, Diizce and Bolu since 2011 in the
Black Sea Region, and in the provinces of Sakarya, Bilecik, Izmit, Kocaeli and Istanbul in the Marmara
Region, since 2011 very small areas remained. It was observed that the large boxwood forests, especially in
the provinces of Rize and Giresun, have completely disappeared. Turkey national boxwood presence has
decreased approximately by 90% especially in the Black Sea Region due to boxwood moth (Sar1 and Celikel,
2019). The fact that the boxwood moth was encountered during the project activities carried out in the
boxwood forest in the Dortyol district of Hatay province in the Mediterranean Region is an indication that
the pest began to seriously threaten the Mediterranean Region after the Black Sea and Marmara Regions
(Ak et al., 2021).
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Figure 18. Views of boxwood locations in Antalya province (B. balearica).
Sekil 18. Antalya ilinde simsir lokasyonunun goriiniimii (B. balearica).

Although researches on boxwoods have been carried out in different areas in the world, there are almost
no studies on B. sempervirens and B. balearica in in Turkey. There are no studies on the evaluation of
naturally spreading boxwoods as ornamental plants. With this first and comprehensive study on boxwoods
in Turkey, the current distribution areas of boxwoods and the latest status of their locations were revealed.
Studies were carried out in all boxwood locations across the country.

According to the results obtained from field studies conducted in 23 provinces, 59 districts and 195
locations for which boxwood presence information was obtained, it was determined that boxwood
remained in 29 locations in 15 provinces and 23 districts. When these results are evaluated regionally; It
was determined that there are 17 boxwood (B. sempervirens) locations in 8 provinces and 14 districts in the
Black Sea Region. The presence of boxwood (B. sempervirens) was determined in 5 locations in 2 provinces
and 2 districts in the Marmara Region. In the Mediterranean Region, boxwood (3 locations B. sempervirens,
2 locations B.balearica) was detected in 7 locations in 5 provinces and 7 districts. The presence of boxwood
was not found in the studies carried out in the Aegean Region. With these results, it was determined that
Turkey's boxwood presence has decreased by 85%, and only 15% of the presence of boxwood remains. The
effect of C. perspectalis continues. For this reason, this remaining boxwood existence is also under serious
threat. In addition to the already known locations, new locations have been identified at the provincial
level during this study.

In field studies, the plant materials were collected from the last remaining native boxwood locations
throughout the country and they were propagated by vegetative cutting methods, therefore boxwood
genetic resources were taken under protection.

Within the scope of the study, the national boxwood existence has been taken under protection to a great
extent with the reproduction studies. The collection works of the project have been completed. Especially
in the Black Sea Region, cuttings were taken and propagated from the last locations before the plants
disappeared. Some locations that were propagated by cuttings were later invaded by the boxwood moth
(C. perspectalis) and disappeared. For example, the location in the Duragan district of Sinop province was
destroyed in a two-month period by the invasion of the boxwood moth. This extinction has shown that the
boxwood moth is the main threat to boxwood forests. The boxwood moth spreads very rapidly and feeds
on the leaves of the boxwood, causing the plant to dry out.

Many boxwood forests in the Black Sea Region have been in dry forest since 2011 and the spread of the
boxwood moth continues rapidly. For this reason, forest losses continue rapidly. This situation was
detected and recorded. In addition, it was determined that there are very old forests in the Western Black
Sea, especially in Bartin, as in the Eastern Black Sea Region, where the presence of boxwood forests is quite
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rich in Turkey. However, desiccation has reached the final stage in these forests, and some of them have
completely dried up. There are three locations of B. balearica identified during the studies in Turkey and
the boxwood presence in these locations has decreased considerably. No harmful effects have been
reported in B. balearica locations. However, it was observed that the boxwood moth caused damage to B.
balearica plants propagated by cutting. Similar to our findings, the Brua (2014) study reported that neither
boxwood moth nor boxwood blight has yet reached the natural distribution areas of B. balearica, but the
tests performed show that B. balearica is a suitable host for C. perspectalis.

These invasive species could indirectly cause ecological, social, cultural and religious changes due to the
loss of Buxus. Buxus forests in Europe and the Caucasus are unique ecosystems that should be preserved.
Interestingly, these ecosystems are rather poorly studied both ecologically and culturally (Mitchell et al.,
2018). Also in Turkey although some local studies have been carried out for the protection of boxwood,
these studies have been insufficient. There is no previous study on boxwoods naturally grown in the
country. Although some local studies have been carried out for the protection of boxwood, these studies
have been insufficient. There is no previous study on boxwoods naturally grown in the country. Therefore,
this study is the first preliminary study in this context.

CONCLUSION

As aresult, boxwoods have their own unique distribution areas. It is very difficult to fight against diseases
and pests by keeping these areas under control. Despite this hardship, it is very important that all kinds of
struggles are made as soon as possible in order to protect our national boxwood existence. Considering the
spread rate of the boxwood moth in the studies, it was seen that the most effective control against the
boxwood moth is using some environmental friendly treatments. In addition, it is clear that biological
control cannot keep up with the spreading rate of the boxwood moth with today's methods and will not
show sulfficient effect. The protection and reproduction of the last remaining boxwood locations, which are
very valuable for Turkey, is another important issue. Within the scope of the project carried out for this
purpose, studies are continuing to increase the materials obtained from nature in different types, to develop
them for the ornamental plants sector as sustainable usage and lastly but certainly not the least to protect
the national boxwood gene resources. In addition to these studies in progress, we suggest more research
studies to contribute to the boxwood existence of Turkey for the future.
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Yenilebilir Kaplama Uygulamalarinin Trabzon Hurmasi (Diospyros kaki L.) Muhafazasina Etkileri
Effects of Edible Coating Applications on the Storage of Persimmon (Diospyros kaki L.)

Erding¢ Bal' **,  Mustafa Zilci?
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Oz: Bu calismada, Fuyu Trabzon hurmasi ¢esidine ait meyvelere hasat sonras1 Guar gam yiizey kaplama uygulamalarinin (0, %1, %2 ve %3) meyve
kalitesi ve muhafaza siiresi iizerine etkileri arastirilmistir. Uygulamalar sonrasinda meyveler soguk hava deposunda 0-1°C ve %85-90 oransal nemli
ortamda 3 ay siire ile muhafaza altina alinmigtir. Muhafaza siiresince Guar gam kaplamanin Trabzon hurmas: meyveleri {izerine su kaybi, solunum
hizi, toplam suda ¢6ziiniir kuru madde, titre edilebilir asitlik, meyve eti sertligi, askorbik asit, toplam fenolik bilegikler ve tat degerlendirmesine etkileri
aragtirilmigtir. Arastirma sonuglarina gore, Guar gam uygulamasi, kontrole kiyasla agirlik kaybini ve solunum hizini azaltmigtir. Ancak, Guar gam
uygulamalari igerisinde %2 ve %3'liik dozlar1 daha etkili bulunmustur. Bu dozlar meyve eti sertligini, askorbik asit ve toplam fenolik bilesikleri daha
iyi korumakla beraber tat degisimini de yavaglatmistir. Sonug olarak, uygun dozda Guar gam ile yiizey kaplamanin Fuyu Trabzon hurmas: gesidinde
kaliteyi korumak ve depolama &mriinii uzatmak icin kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Trabzon hurmasi, guar gam, soguk depolama, solunum, kalite

&

Abstract In the study, postharvest treatment of Guar gum edible coating (1%, 2% and 3%) was applied to cv. Fuyu persimmon and their effects on
quality and storage period were investigated. After the applications, the fruits were kept in cold storage at 0-1°C and 85-90% relative humidity for 3
months. The effect of Guar gum coating on persimmon quality factors such as water loss, respiration rate, total soluble solids, titratable acidity, fruit
flesh firmness, ascorbic acid, total phenolic compounds and taste of persimmon fruits were investigated during storage. According to the results, Guar
gum application reduced weight loss and respiratory rate compared to control. However, 2% and 3% doses were found to be more effective among
guar gum applications. These doses preserved fruit flesh firmness, ascorbic acid and total phenolic compounds better, but also slowed the taste change.
These results suggest that surface coating with appropriate dose of guar gum can be used to maintain quality and extend storage life of Fuyu
persimmon.

Keywords: Persimmon, guar gum, cold storage, respiration, quality
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GIRIS

Trabzon hurmasi (Diospyros kaki L.) bir subtropik iklim meyvesi olmasina ragmen, sicak ve iliman iklim
sartlarina da iyi adapte oldugu i¢in diinya genelinde yaygin olarak iiretilmektedir. Diinyada toplam 4.2
milyon ton Trabzon hurmasi {iretimi igerisinde Cin 3.2 milyon ton iiretimi ile ilk sirada yer almaktadir
(FAO, 2019). Ulkemizdeki Trabzon hurmast iiretimi ise son yillarda diinyadaki artisa paralel olarak artarak
giintimiizde 77.131 tona ulagmustir (TUIK, 2021).

Trabzon hurmasi meyvelerin kendine 6zgii tadi ve cazip turuncu rengi ile taze tiiketim yaninda
kurutularak ve dondurularak da degerlendirilebilmektedir. Trabzon hurmasi meyveleri insan saghg: i¢in
faydali olan polifenoller, flavonoidler, mineraller, karotenoidler, steroidler ve terpenoidler dahil olmak
tizere pek ok biyoaktif bilesik igermesinin yarni sira 6nemli bir lif kaynagina da sahiptir (Perez-Burillo vd.,
2018).

Trabzon hurmasi yetistiriciligindeki 6zellikle buruk cesitlerde hasat sonrasi donemde raf émriiniin kisa
olmasi ve cesitli nedenlerle (agirlik kaybi, meyve yumusamasi, meyve kabuk ve et rengindeki degisimler
vb.) ugradiklan kalite kayiplarinin pazar degerlerini azaltip muhafaza Omiirlerini kisaltmaktadir. Bu
sorunlarin oniine gegcilmesi ve raf dmriiniin arttirilmas: ekonomik agidan avantajlar sunacag: gibi yeni
pazarlarin ortaya cikmasma da sebep olacaktir (Yener, 2013). Ozdemir vd. (2009) ‘Fuyu’ Trabzon
hurmalarinin muhafazasina sicak su uygulamalarinin etkilerinin arastirildig: bir calismada; 0°C sicaklik ve
%85-90 oransal nem kosullarinda; 50 ve 55 °C’lerde 10 ve 20 dk bekletilen ve sonra depolanan meyvelerin
kaliteli olarak 4 ay basariyla depolanabilecegi saptamislardir. Candir vd. (2010)'da buruk olmayan ‘Fuyu’,
‘Jiro’ ve ‘Amankaki’ Trabzon hurmalarinin 0°C’de ve %85-90 oransal nemde 150 giin {isiime zarar1 ve
mantarsal bozulma olmadan depolanabilecegini bildirmislerdir.

Son yillarda giivenli gidalara taleplerinin artmasi sebebiyle, gida iiretim ve isleme endiistrisi iiriinlerde
daha uzun raf 6mrii saglama yoniinde yeni hedefler gelistirmektedir. Bu nedenle ambalajlama islevini
yerine getirebilecek olan yenilebilir kaplamalarin iizerinde ¢alismalara artan bir ilgi so6z konusudur
(Demircan ve Ozdestan, 2019). Taze meyve-sebzelere yenilebilir kaplamalarin uygulanmasi ile yari
gecirgen bir bariyer olusturduklar: icin taze iirlinlerin raf omriinii uzatmada iyi bir alternatif olarak
kullanilmaktadir (Guerreiro vd., 2015).

Yenilebilir kaplamalar genel olarak; polisakkaritler, proteinler, lipidler ve kompozitler olarak
siniflandirilmaktadir. Polisakkarit kokenli (seliiloz, pektin, kitin, nisasta, yosun ve gam maddeleri vb.)
yenilebilir kaplamalar ise genellikle gaz gecirgenliklerinin diisiik olmasi nedeniyle kullanilmaktadirlar
(Koyuncu ve Savran, 2002).

Gamlar, hayvansal ve bitkisel kaynaklardan, polisakkaritlerin kimyasal modifikasyonlarindan ya da
mikrobiyal fermantasyon ile elde edilen kompleks bilesikler olarak bilinmektedir. Endiistriyel gida
iiretiminde genis bir kullanim alan1 olan gamlarin igerisinde en ¢ok kullanilanlar1 pektin, guar gam, gam
arabik, ksantan gam, karregenan’dur.

Guar veya salkim fasulyesi (Cyamopsis tetragonoloba) tohumlarindan elde edilen Guar gam (zamki), uzun
polimerik zinciri, suda yiiksek ¢oziiniirliigli ve iyi film olusturma kabiliyeti nedeniyle potansiyel bir
yenilebilir kaplama aday1 olarak goriilmektedir (Arfat vd., 2017). Ruelas-Chacon vd. (2017) 22+2°C'de 20
giinliik bir depolama siiresi boyunca Guar gam kaplamanin Roma domatesinin gesitli kalite dzellikleri
tizerindeki etkinligini arastirdigi calismada, kaplamanin domatesinin fizikokimyasal, mikrobiyal ve
duyusal kalite Ozelliklerini olumlu yonde etkiledigini ve meyvenin solunum hizini yavaslatarak
olgunlasma siirecini geciktirdigini tespit etmistir. Saleem vd. (2020) Fuyu cesidi Trabzon hurmasi
meyvelerinde arabik gam kaplamasi ile 20+£1°C sicaklikta yaptiklari ¢alismada, kaplamanin 6nemli 6lciide
agirlik kayb1 ve membran gecirgenligini azalttigi, olgunlasmay: yavaslattigi, depolama boyunca belirgin
sekilde daha yiiksek toplam fenolik igerik, askorbik asit ierigi ve antioksidan aktiviteye neden oldugu
tespit edilmistir. Ayrica kitosan, bezelye nisastasi, ginseng 6zii, ugucu yaglar vb. ile karigtirllmig Guar gam
bazli bir¢ok yenilebilir film ve kaplamanin kiiltiir mantarinda (Huang vd., 2019) ve portakal (Saberi vd.,
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2018), kiraz (Dong ve Wang, 2018), mango (Naeem vd., 2018) gibi meyvelerde kalitenin korunmasinda
faydali oldugu bildirilmistir.

Yapilan bu ¢alismada, hasat sonrasinda Fuyu Trabzon hurmasi gesidinin yenilebilir Guar gam filmi ile
kaplamanin sogukta muhafaza siiresince meyve kalitesine etkileri incelenmistir.

MATERYAL VE METOT

Arastirma materyali olarak Tekirdag kosullarinda yetistirilen meyve eti rengi kararli ve buruk olmayan
Fuyu Trabzon hurmasi ¢esidi meyveleri kullanilmistir. Denemede meyveler {izerlerinde kapstilleri kalacak
sekilde makas yardimiyla sert olgun (sarimsi-turuncu renk) asamada hasadi yapilmistir. Meyveler
laboratuvara getirilerek hasat sonrasi uygulamalar:i yapmak {iizere 4 esit gruba boliinmiistiir. 1. grup
uygulamasiz kontrol meyveleri icin, diger 3 grup ise Guar gam kaplamasinin %1, %2 ve %3'liik dozlar1 igin
ayrilmistir. Uygulama dozlari saf su iginde ¢oziilmiis ve 40°C'de 15 dakika boyunca siirekli karistirilmis ve
kaplamanin esnekligini arttirmak igin kaplama ¢ozeltisine gliserol (%1.5) ilave edilmistir. Meyveler %1, %2
ve %3'liik dozlar icerisine 3 dakika siire ile daldirilmis ve sonrasinda 2 saat stiresince oda kosullarinda
kurutulmusgtur. Kontrol meyveleri ise saf suya daldirilmis ve kurutulmusgtur. Tiim meyveler sekizli viyol
kasalara konularak 0-1 °C ve %85-90 oransal nemli soguk hava deposunda 3 ay siireyle depolanmuistir.
Arastirmanin baslangicinda ve sogukta muhafaza siiresince aylik alinan Orneklerde bazi fiziksel ve
kimyasal analizler yapilmistir.

Meyvelerdeki agirlik kayb1 baslangi¢ agirligina gore her analiz doneminde 0.01 grama duyarh teraziyle
tartim yapilarak % olarak hesaplanmistir. Meyvelerin solunum hiz1 Systec Instrument Gaspace CO2
analizatorii ile kapali atmosfer yontemine gore okunmus, meyvelerin agirhik ve hacim degerlerinden
yararlanarak solunum hizi ml CO: kg's! olarak hesaplanmistir. Meyve suyunda toplam suda ¢oziiniir
kuru madde (SCKM) miktar1 el tipi refraktometre ile dlciilerek yiizde olarak saptanmustir. Titre edilebilir
asit (TEA) miktar1 0.1 N NaOH ile titre edilerek malik asit cinsinden (%) hesaplanmistir. Meyve eti sertligi
(MES), meyvenin ekvatoral ¢evresi boyunca kabugu uzaklastirilan {i¢ bolgeden el penetrometresi (8mm’lik
ug) ile dlgiilerek sonuglar Newton (N) olarak ifade edilmistir. Meyve suyundaki C vitamini miktar1 2,6-
dikloroindofenol ile titrimetrik yontem kullanilarak saptanmis ve mg askorbik asit 100 g olarak ifade
edilmistir (Cemeroglu, 2007). Toplam fenolik madde miktar1 Folin-Ciocalteau reaktifi kullanilarak, mg
gallik asit esdegeri (GAE) 100 g olarak belirlenmistir (Slinkard ve Singleton, 1977). Tat degerlendirmesi
ise 1-9 skalasina gore (1-3= pazarlanamaz, 5= pazarlanabilir, 7= iyi, 9= ¢ok iyi) panelistler tarafindan
puanlanmustir.

Arastirma tesadiif parselleri deneme desenine gore faktoriyel diizende ve 3 tekerriirlii olarak kurulmustur.
Elde edilen veriler SPSS istatistik paket programinda varyans analizi yapilarak (p<0.05) veriler ortalama +
standart hata olarak belirtilmistir.

BULGULAR VE TARTISMA

Agirlik Kayb1

Arastirmada Trabzon hurmasi meyvelerinde muhafaza siiresinin uzamasi ile biitiin uygulamalarda agirlik
kayiplarinin da arttig1 saptanmistir. En fazla agirlik kayb: kontrol grubu meyvelerinde, en diisiik agirlik
kayb1 miktar1 ise Guar gam ile kaplanan meyvelerde tespit edilmistir (Sekil 1). Meyve tiizerinde yar1
gecirgen tabaka olusumu meyveden nem ve gazlarin difiizyonuna kars: fiziksel bir engel gorevi gorerek
meyvelerde kontrole gore agirlik kaybinin azaltmistir. Depolamanin 90. giiniinde agirlik kayb: en fazla
kontrol grubunda (%9.13) olurken en az agirlik kayb1 ise %2 ve %3 Guar gam (sirasiyla %5.93 ve %5.73)
uygulamasinda meydana gelmistir. Ruelas-Chacon vd. (2017) nin 22+2°C'de 20 giinliik bir depolama siiresi
boyunca Guar gam kaplamanin Roma domatesinin gesitli kalite 6zellikleri {izerindeki etkinligi arastirmada
kaplamanin domates meyvelerinde agirlik kaybini 6nemli oranda azalttigim bildirmistir. Benzer sekilde
farkli Trabzon hurmasi gesitlerinde yapilan ¢alismalarda da yenilebilir kaplama uygulamalarmin agirlik
kaybini belirgin sekilde azalttig1 saptanmistir (Nasr vd., 2021; Saleem vd., 2020).
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Sekil 1. Fuyu Trabzon hurmast meyvelerinin sogukta muhafazasi siiresince Guar gam kaplamalarin agirlik kayb:
iizerine etkisi.
Figure 1. The effect of guar gam coatings on weight loss during cold storage of Fuyu persimmon fruits.

Solunum Hiz1

Meyveler hasat sonras1 veya depolama 6mrii boyunca, artan depolama siiresi ile solunum hizi artmakta ve
boylece meyvelerin yumusamasina neden olan katabolik reaksiyonlar gibi gesitli biyolojik reaksiyonlar
olusmaktadir (Haseeb vd., 2021). Calismada da solunum hizi degisen oranlarda artis gostermistir ve bu
artis en fazla kaplamasiz kontrol grubunda tespit edilmistir (Sekil 2). 90. giinde en yiiksek solunum hizi
kontrol (42.3 ml CO2 kg s7') ve %1 Guar gam kaplama (39.3 ml CO2 kg s) uygulanmis meyvelerinde
goriiliirken, en diisiik solunum hizi ise %2 (30.6 ml CO:z kg s71) ve %3 (28.1 ml CO2 kg s) Guar gam
kaplama uygulanmis meyvelerde belirlenmistir. Kaplamalarin meyvelerin solunum hizini azaltmadaki
etkisi, kaplamanin meyve yiizeyi ve c¢evresinde modifiye bir atmosfer olusturmasindan
kaynaklanmaktadir. Yapilan farkli calismalarda da Guar gam kaplamanin bogiirtlen (Perez vd., 2020),
domates (Ruelas-Chacon vd., 2017) ve mantar (Huang vd., 2019) gibi ¢cabuk bozulabilir iiriinlerde meyve
ylizeyinde yar1 gegirgen bir tabaka olusturarak gaz gecislerini smirlandirdigl ve raf omriinii uzattig:
bildirilmistir. Ancak denemede %1'lik Guar gam uygulamasinin kontrol meyvelerine yakin degerlere sahip
olmas1 ise solunumu azaltmak igin yeterli bariyer olusturamayacak kadar ince olmasindan
kaynaklanabilecegini diisiindiirmektedir.
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Sekil 2. Fuyu Trabzon hurmas: meyvelerinin sogukta muhafazasi siiresince Guar gam kaplamalarin solunum hizi
iizerine etkisi.
Figure 2. The effect of guar gum coatings on respiration rate during cold storage of Fuyu persimmon fruits.
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Suda Coziiniir Kuru Madde Miktar

Arastirmada SCKM miktarinda artis ve azalislar seklinde dalgalanmalar olsa da muhafaza siiresi sonunda
biitiin uygulamalarda bir miktar artis gozlemlenmistir (Sekil 3). Nitekim klimakterik meyvelerde SCKM
icerigindeki artis olgunlasma siirecinin bir gostergesidir. Trabzon hurmasi meyvelerinde muhafaza
siiresince SCKM igeriginin artis egiliminde olduguyla ilgi bulgularimiza benzer sonuglar Ertiirk vd. (2003)
ve Candir vd. (2008) tarafindan da bildirilmistir. Baslangicta ortalama %12.8 olan SCKM 3 ay sonunda
kontrol, %1, %2, %3 Guar gam kaplama uygulanmis meyvelerinde sirasiyla %17.8, %17.2, %16.9 ve %16.9'a
ulasmistir. Elde edilen bulgular neticesinde, yiizey kaplamanin Trabzon hurmasi meyvesinin
metabolizmasin degisen oranlarda yavaslattigi ve kontrol uygulamasina gore SCKM artiginin daha sinirh
kaldig1 sonucuna varilmistir. Benzer sekilde, Nasr vd. (2021) ve Eryol (2021)'da Trabzon hurmasi meyvesini
kitosan ve alginat ile kaplamamnin iirtiniin metabolizmasini yavaslattig1 i¢in kontrol grubuna gére SCKM
miktarinin daha diisiik degere sahip oldugunu bildirmislerdir.
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Sekil 3. Fuyu Trabzon hurmasi meyvelerinin sogukta muhafazasi siiresince Guar gam kaplamalarin suda ¢oziiniir
toplam kuru madde tizerine etkisi.
Figure 3. The effect of guar gum coatings on soluble solids during cold storage of Fuyu persimmon fruits.

Titre Edilebilir Asit Miktart

Arastirmada muhafaza siiresi uzadikga tiim uygulamalarda TEA azalma egiliminde olmustur (Sekil 4).
Trabzon hurmalariyla yapilan calismalarda uzayan muhafaza siiresini takiben TEA oranlarinin azaldigini
gosteren benzer bulgular saptanmistir (Ertiirk vd., 2003; Candir vd., 2008). Bununla birlikte, TEA'daki
azalma Ozellikle kaplanmamis hurmalarda daha fazla gerceklesmistir. Bu azalma, daha yiiksek solunum
hiz1 ve etilen tiretimi gibi artan metabolik aktivitelerden kaynaklanmaktadir (Saleem vd., 2020). Muhafaza
siiresi sonunda en yiiksek TEA %3 Guar gam kaplama uygulanmis meyvelerde belirlenirken en diisiik
TEA deger ise Kontrol meyvelerinde tespit edilmistir. Benzer sekilde, Ruelas-Chacon vd. (2017) ve Naeem
vd. (2018)'da Guar gam kapli domates ve mango meyvelerinin kaplanmamais olanlara kiyasla daha yiiksek
TEA seviyesini korudugunu bildirmistir.
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Sekil 4. Fuyu Trabzon hurmasi meyvelerinin sogukta muhafazasi siiresince Guar gam kaplamalarin titre edilebilir
asitlik iizerine etkisi.
Figure 4 The effect of guar gum coatings on titratable acidity during cold storage of Fuyu persimmon fruits.

Meyve Eti Sertligi

Trabzon hurmasi meyvesinde kaliteyi belirleyen en 6nemli kalite kriterlerinden birisi MES’dir. Trabzon
hurmast meyvesinin depolanmasi sirasinda MES kaybi olgunlasmadan kaynaklanmaktadir ve
pazarlanabilirlik agisindan MES'in 10 N altina diismemesi gerektigi belirtilmistir (Salvador vd., 2004).
Arastirmada da muhafaza siiresi uzadik¢a meyve sertliginde azalislar olmakla birlikte, 90. giinde higbir
meyvede sertlik degeri 10 N'un altina diismemistir (Sekil 5). Bulgularimiza benzer olarak, muhafaza siiresi
uzadik¢a Trabzon hurmasi meyvelerinde MES’de azalislar oldugu Kuzucu vd. (2002), Koyuncu vd. (2005)
ve Ozdemir vd. (2009) tarafindan da bildirilmistir. Hasat déneminde MES ortalama 81.4 N olarak
belirlenmistir. Muhafaza siiresi sonunda ise en diisitk MES 19.3 N ile %1 Guar gam uygulamasinda, en
yiiksek MES 33.3 N ile %3 Guar gam uygulamasinda tespit edilmistir. Elde edilen sonuglar neticesinde
MES korumada %1 Guar gam uygulamasi yetersiz kalirken, %2 ve %3'liikk Guar gam uygulamalar1 daha
etkili olmustur. Meyvelerin yumusamas: hiicre duvari1 bilesimindeki pektin ve nisastanin enzimler
tarafindan hidrolizini igeren biyokimyasal bir islemdir. Meyvenin {izerine kaplanan materyal meyvenin i¢
atmosferinin modifikasyonun saglayarak bu enzimlerin aktivitesini sinirladigi ve bu da depolama
sirasinda meyve sertliginin korunmasina yardimei oldugu bildirilmistir (Saleem vd., 2020).
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Sekil 5. Fuyu Trabzon hurmasi meyvelerinin sogukta muhafazasi siiresince Guar gam kaplamalarin meyve eti
sertligi tizerine etkisi.
Figure 5. The effect of guar gum coatings on fruit firmness during cold storage of Fuyu persimmon fruits.
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C Vitamini

Trabzon hurmasi, 6nemli bir antioksidan olan zengin bir L-askorbik asit kaynagidir (Homnava vd., 1990).
Hasat zamaninda C vitamini miktar1 33.4 mg 100g* olarak 6l¢iilmiistiir. Bu deger muhafaza ile azalmis ve
en fazla azalma kontrol grubunda gorilmiistiir (Sekil 6). Askorbik asit icerigi depolama periyodundaki
ilerleme ile tiim meyvelerde azalmasina ragmen, kaplanmamis hurmalarda Guar gam ile kaplanmis
olanlardan daha fazla azalma olmustur. Muhafaza siiresi sonunda en diisiik askorbik asit igerigi 13.2 mg
100g* ile kontrol meyvelerinde goriiliirken en yiiksek askorbik asit icerigi ise %2 ve %3 Guar gam
uygulamalarinda (21.4 ve 19.2 mg 100g™") tespit edilmistir. Bu sonuglar, yenilebilir kaplamalarin, C vitamini
igeriginin korunmasinda meyvelerin solunumunun azalmasma bagh olarak meyvelerde C vitamini
oksidasyonunun yavaslamasina neden oldugunu gostermektedir. Benzer sekilde, yapilan ¢alismalarda
Trabzon hurmasi {iizerine bazi polisakkarit kokenli kaplama uygulamalarinin, meyvelere oksijen
gecirgenligini azaltarak askorbik asit kaybini geciktirdigi ve boylece askorbik asit oksidasyonunu 6nledigi
tespit edilmistir (Elabd ve Gomaa 2017; Saleem vd., 2020). Ayrica, bu arastirmanin sonuglarina paralel
olarak Dong ve Wang (2018)'in kiraz iizerinde yaptiklar1 bir ¢alismada Guar gam-ginseng 0zii iceren
kaplamanin meyvenin askorbik asit miktarini koruyarak meyve kalitesini iyilestirdigini bildirilmistir.
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Sekil 6. Fuyu Trabzon hurmasi meyvelerinin sogukta muhafazasi siiresince Guar gam kaplamalarin askorbik asit
iizerine etkisi.
Figure 6. The effect of guar gum coatings on ascorbic acid during cold storage of Fuyu persimmon fruits.

Toplam Fenolik Madde Miktar

Fenolik bilesikler meyve ve sebzelerde hem lezzetinin olusmasinda, 6zellikle agi1zda acilik ve burukluk gibi
iki 6nemli tat unsurunun olusmasinda etkili iken, hem de renklerinin olusmasini saglamaktadirlar
(Nizamlioglu ve Nas 2010). Arastirmada elde edilen bulgulara gore, tiim uygulamalara ait toplam fenolik
madde miktar1 1. ayda artis gostermis, diger analiz donemlerinde ise degisen oranlarda azalis
gozlemlenmistir (Sekil 7). Trabzon hurmasi meyvelerinde muhafaza siiresine bagli olarak fenolik
bilesiklerde ortaya ¢ikan diisiisler Baltacioglu ve Artik (2013) ile Bagheri ve Esna-Ashari (2022) tarafindan
da belirlenmistir. Baslangigta toplam fenolik madde miktar1 48.43 mg 100 g olarak tespit edilmistir.
Mubhafaza siiresi sonunda ise en diisiik toplam fenolik madde miktar1 %1 Guar gam uygulamasinda (35.23
mg 100 g"), en yiiksek toplam fenolik madde miktar1 %3 Guar gam (45.06 mg 100 g') uygulamasinda
belirlenmistir. Bu sonuglar neticesinde, %1 Guar gum uygulamasinin solunum hizini yavaslatmasindaki
etkisizliginden kaynakli olarak fenolik bilesiklerin korunmasinda da yetersiz kaldig1 ve kaplamanin artan
dozlarinin daha olumlu etki gosterdigi belirlenmistir. Nasr vd. (2021), Trabzon hurmasi meyvelerinde
nanokompozit kaplama uygulamalarinin kontrole kiyasla polifenol oksidaz (PPO) aktivitesini onemli
6lciide azalttig1 ve kontrol meyveleri depolama sonunda en yiiksek PPO aktivitesine sahip oldugunu tespit
etmistir. Benzer sekilde Eryol (2021) tarafindan kitosan-alginat kaplanan meyvelerde toplam fenolik
madde kaybini geciktirmede etkili oldugu bildirilmistir.
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Sekil 7. Fuyu Trabzon hurmast meyvelerinin sogukta muhafazasi siiresince Guar gam kaplamalarin toplam fenolik
madde {izerine etkisi.
Figure 7. The effect of guar gum coatings on total phenolic content during cold storage of Fuyu persimmon fruits.

Tat Degerlendirmesi

Trabzon hurmas: meyveleri sogukta depolanmasi diisiiniilityorsa meyveler aga¢ olumu asamasinda hasat
edilir ve tat olarak yenilebilir seviyede bulunmazlar. Tat testi bulgularina gore tat puanlar1 muhafazanin
ilerlemesiyle beraber artis gostermistir (Sekil 8). Calismada elde edilen degerler incelendiginde
muhafazanin baslangicinda 1 puan olarak tespit edilen tat degerleri, sadece muhafazanun 90. giiniinde
kritik pazarlama degerinin (5 puan) iistiinde 5.1 puan (%3 Guar gam) ile 7.2 puan (kontrol grubu) arasinda
oldugu belirlenmistir. Muhafaza siiresi sonunda kaplamali meyvelerin tat degerinin kaplamasiz meyvelere
gore daha diisiik seviyede bulunmasi, kaplama sayesinde bu meyvelerin olgunlasmalarmin
geciktirilmesinden kaynaklandig1 diistiniilmektedir. Yenilebilir filmlerle kaplanan meyve ve sebzelerin
olgunlasma siiregleri geciktirilerek raf omriiniin uzatildigr bildirilmektedir (Salehi 2020). Elde edilen
sonuglara benzer sekilde kaplama uygulamasmin bir¢ok meyve tiiriinde olgunlasmada onemli bir
gecikmeye neden oldugu ve duyusal analiz sonuglarina olumlu etkilerinin oldugu bildirilmistir (EI-Anany
vd., 2009; Elabd ve Gomaa 2017; Ruelas-Chacon vd., 2017; Dong ve Wang 2018).
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Sekil 8. Fuyu Trabzon hurmas: meyvelerinin sogukta muhafazasi siiresince Guar gam kaplamalarin tat tizerine
etkisi.
Figure 8. The effect of guar gum coatings on taste during cold storage of Fuyu persimmon fruits.
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SONUC

Bu calisma sonuglari, Trabzon hurmasi meyvelerinin Guar gam ile kaplamanin solunum hizim
engelleyerek olgunlagma siirecini geciktirdigini dogrulamaktadir. Ozellikle %2 ve %3'liikk Guar gam
uygulamasmin SCKM'deki artis1 yavaglattigs, asitlik ile askorbik asit kaybini geciktirdigi gibi meyve eti
sertligini de daha iyi korudugunu gostermistir. Calisma sonucunda, Guar gam kaplama uygulamasinin
Fuyu Trabzon hurmasi ¢esidinde 90 giinliik sogukta muhafaza siiresince kalite 6zelliklerini koruyarak
muhafaza omriinii uzatmada etkili bir uygulama olabilecegi sonucuna varilmistir. Ayrica, gelecekteki
calismalar i¢in, Guar gam kaplama igerisine belirli lipit bilesenleri ekleyerek su buhari bariyeri 6zelliklerini
gelistirmenin faydali olacag diisiiniilmektedir.

CIKAR CATISMASI
Yazarlar arasinda herhangi bir ¢ikar catismas: bulunmamaktadir.
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Effects of Different Organic Fertilizers on Plant Growth, Yield, Quality Properties and Element
Contents in Spinach

Farkli Organik Giibrelerin Ispanakta Bitki Gelisimi, Verim, Kalite Ozellikleri ve Element Icerikleri
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Abstract: This study was conducted to determine the effects of different organic fertilizers on plant growth, yield, quality properties and element
contents in spinach (Spinacia oleracea L.). The research was carried out under open field conditions in Bolu province. In the study, Matador spinach
variety was used and seven different applications were examined. The applications were as follows: 1) Control, 2) Chicken manure, 3) Turkey manure,
4) Sheep manure, 5) Cattle manure, 6) Vermicompost and 7) Chemical fertilizer. The experiment was established in randomized complete block design
with three replications. According to the research findings, significant differences were found among the applications. In general, organic fertilizer
applications significantly increased yield, plant height, plant wet weight, plant dry weight, dry matter content, number of marketable leaves, nitrogen,
phosphorus, sulphur and selenium contents of the plant in comparison with control and chemical fertilizer. The highest yield was determined in cattle
manure application. It was observed that cattle manure increased the yield by 88.08% compared to the control and increased the yield by 41.16%
compared to the chemical fertilizer. In organic fertilizer applications, heavy metal contents such as arsenic, chrome, cobalt, and nickel were found to
be lower than the control and, aluminum and cadmium contents were found to be lower than chemical fertilizer. As a result, it was determined that
organic fertilizers examined in the study have positive effects on plant growth, yield, quality properties and element contents of spinach and organic
fertilizers can be used successfully for sustainable agriculture in spinach cultivation.

Keywords: Spinacia oleracea L., organic fertilizers, growth, yield, quality, elements

&

Oz: Bu calisma, farkli organik giibrelerin 1spanakta (Spinacia oleracea L.) bitki gelisimi, verim, kalite 6zellikleri ve element icerikleri iizerine etkilerini
belirlemek amaciyla yapilmigtir. Aragtirma, Bolu ilinde agik arazi kogullarinda yiirtitiilmiistiir. Calismada Matador 1spanak gesidi kullanilmis ve yedi
farkli uygulama incelenmistir. Uygulamalar asagidaki gibidir: 1) Kontrol, 2) Tavuk giibresi, 3) Hindi giibresi, 4) Koyun giibresi, 5) Sigir giibresi, 6)
Vermikompost ve 7) Kimyasal giibre. Calisma tesadiif bloklar1 deneme desenine gore 3 tekerriirlii olarak kurulmustur. Arastirma bulgularina gore
uygulamalar arasinda 6nemli farkliliklar bulunmustur. Genel olarak organik giibre uygulamalar1 verim, bitki boyu, bitki yas agirligi, bitki kuru
agirhigl, kuru madde igerigi, pazarlanabilir yaprak sayisi, azot, fosfor, kiikiirt ve selenyum igerigini kontrol ve kimyasal giibreye gore énemli dlgiide
artirmistir. En yiiksek verim sigir giibresi uygulamasinda tespit edilmistir. Sigir giibresinin verimi kontrole gore %88.08, kimyasal giibreye gore ise
%41.16 artirdig1 gozlenmistir. Organik giibre uygulamalarinda arsenik, kobalt, krom ve nikel gibi agir metal igerikleri kontrole gore, aliiminyum ve
kadmiyum igerikleri ise kimyasal giibreye gore daha diisitk bulunmustur. Sonug olarak, calismada incelenen organik giibrelerin 1spanakta bitki
gelisimi, verim, kalite 6zellikleri ve element igerikleri iizerine olumlu etkilerinin oldugu ve organik giibrelerin ispanak yetistiriciliginde stirdiiriilebilir
tarim igin basarili bir sekilde kullanilabilecegi belirlenmistir.
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Effects of Different Organic Fertilizers on Plant Growth, Yield, Quality Properties and Element Contents in Spinach

INTRODUCTION

Ensuring adequate and balanced nutrition for the rapidly increasing world population is possible by
increasing agricultural production and productivity. Fertilization is one of the most important factors
determining yield and quality in agricultural production. Fertilizer is one of the most important inputs in
agricultural production, and it alone can increase the yield close to 50%. Chemical (inorganic) fertilizers are
mostly used in order to increase agricultural productivity all over the world (Karaman and Turan, 2012).
Nowadays, it is known that human health and sustainability of soils are adversely affected because of
excessive and unconscious chemical fertilization to obtain high yield from vegetables. On the other hand,
it is reported that continuous use of chemical fertilizers causes pollution of soil and water, soil salinity,
decline in organic matter content of soil, heavy metal accumulation, decrease in microbial activities of soil,
nitrate accumulation, decrease in soil fertility, poor product quality and serious health problems (Savci,
2012). For this reason, recently, organic fertilizers have gained great importance as an alternative to
chemical fertilizers used in agricultural production all over the world with the new understanding focused
on ensuring sustainability in agriculture due to the adverse effects of chemical fertilizers. Organic fertilizers
should be preferred in order to restore and protect the deteriorated natural balance. Studies have shown
that organic fertilizers are beneficial for plants, soil, environment and economy.

Organic fertilizers contain plant nutrients, organic matter and a large amount of various microorganisms.
Therefore, organic fertilizers have important and positive effects on the physical, chemical and biological
properties of agricultural soils (Kacar and Katkat, 2007). Organic fertilizers create a source of nutrients for
plants, increase the cation exchange capacity of the soil, increase the water holding capacity of the soil,
facilitate aeration and warming of the soil, help the plant nutrients in the soil to be converted into forms
that can be taken by the plant, improve soil structure, give a good texture and structure to the soil, regulate
soil reaction and promote plant growth (Soyergin, 2003; Mercik and Stepien, 2006; Adiloglu and Eraslan,
2012).

Organic fertilizers consist of materials of plant and animal origin. Among the sources used as organic
fertilizer, barnyard manure (farmyard manure) comes first. Barnyard manure is the oldest and most widely
used organic fertilizer. Barnyard manure consists of the excrement of bovine and ovine farm animals and
the bedding laid under the animals in the barns. The quality and content of barnyard manure vary
depending on many factors such as the animal's breed, age, sex, nutritional status, bedding material used
and storage conditions (Lampkin, 2002). The nutrient content of sheep, chicken and turkey manures is
higher than that of cattle. Barnyard manure provides various plant nutrients necessary for plant growth,
positively affects the physical, chemical and biological properties of the soil, accelerates the activity of
microorganisms in the soil, and also acts as a source of organic matter in the soil (Watson et al., 2002;
Schoenau, 2006).

Vermicompost is the most popular among organic fertilizers in recent years due to its positive effects on
plant growth, yield and soil properties. Additionally, vermicompost is intensely applied as a reliable,
economical, and sustainable method in the processing and evaluation of solid organic wastes, which has
become a major environmental problem (Shetinina et al., 2019). Vermicompost, which is obtained by
composting organic wastes during digestion by earthworms, is an organic product with high economic
value (Garg and Gupta, 2009). Many organic wastes (plant wastes, animal manure, food wastes, urban solid
waste, waste paper, sawdust, etc.) can be used in vermicompost production (Karmakar et al.,, 2012).
Vermicompost is a well stabilized, finely divided peat-like material produced through a non-thermophilic
process involving the biodegradation and stabilization of organic materials by interactions between
earthworms and microorganisms. Vermicompost has very high porosity, aeration, drainage, water holding
capacity and microbial activity, and a low C:N ratio (Garg and Gupta, 2009; Kumar and Topal, 2015).
Vermicompost is very rich in macro and micronutrients, beneficial soil microorganisms, various enzymes,
vitamins, humic acid, organic matter, and growth hormones (Ozkan et al., 2016).

As in the whole world, chemical fertilizers are mostly used in fertilization to increase the yield in vegetable
growing in Turkey. To provide a sustainable agriculture system that protects human health, environment,
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and natural resources in the long term in vegetable growing where the use of chemical fertilizers is
excessive, it is necessary to expand the use of organic fertilizers instead of chemical fertilizers. The use of
organic fertilizers in vegetable growing is an agricultural activity that has become widespread in Turkey
with the increase in environmental awareness and the adoption of high-quality product consumption in
recent years.

Spinach (Spinacia oleracea L.) belongs to the Chenopodiaceae family and is an annual winter vegetable
produced by seed. It is known that the homeland of spinach is Western Asia (South Turkestan, Caucasus
and Nepal), Iran and China (Kallo and Bergh, 1993). It has been cultivated and consumed fondly for many
years in the world. Spinach whose fresh leaves are consumed is among the species with high commercial
importance. It is one of the most produced and consumed winter vegetables in Turkey and it has high
economic value. Spinach is a vegetable that can be grown in all regions of Turkey, limited only in the
Eastern Black Sea Region which receives heavy rainfall, and is produced in large quantities. It is grown in
late summer and winter in hot regions of the country, and in winter and spring in cold regions of the
country. The vegetation period of spinach is short, and it can be grown in 2-2.5 months. In Turkey, spinach
was grown in an area of 150.788 da with a production of 218.355 tons in 2021 (TUIK, 2022).

Spinach, which has an important place in human nutrition, is a significant source of vitamins and minerals.
Yield and quality of spinach increase in soils rich in organic matter. Since spinach is grown in a short
vegetation period, fertilization is quite important in spinach cultivation in order to obtain high yield and
quality from the unit area. As with other vegetables, spinach is usually grown using inorganic fertilizers.
On the other hand, fertilization in spinach must be performed carefully because it is a leafy vegetable.
Excessive and unconsciously used chemical nitrogen fertilizers increase the nitrate accumulation in the
plant, which is harmful to human health. Spinach is one of the vegetables with the highest nitrate
accumulation (Santamaria, 2006). Therefore, the use of organic fertilizers in spinach cultivation should be
expanded.

It is very important to examine the effects of organic fertilizers on soil and plant productivity to increase
yield and quality, improve the physical and chemical structure of the soil and prevent environmental
pollution in spinach cultivation. Such studies are necessary to encourage and increase the use of organic
fertilizers in vegetable cultivation. By using organic fertilizers, it is aimed to ensure sustainability in
agriculture, improve agricultural soils and increase productivity with less cost per unit area.

The objective of this study was to investigate the effects of different organic fertilizers on plant growth,
yield, quality properties and element contents of spinach grown under open field conditions in Bolu
province. In addition to, organic fertilizers were compared with inorganic fertilizer.

MATERIAL AND METHOD

The research was carried out under open field conditions in Yeniakc¢akavak village of central district of
Bolu province in Turkey (latitude 40°45'N, longitude 31°40'E, altitude 708 m) during the autumn growing
season of 2017.

Material

Matador spinach variety (Spinacia oleracea L.) which is widely grown in Turkey was used as plant material
in the study. Before the experiment was established, soil samples were taken from different parts of the
field and some physical and chemical properties of the soil were determined by soil analysis. The soil used
in the experiment was clayey, pH value of 7.3, organic matter content of 4.81%, lime ratio of 15.30% and
EC value of 0.82 dS m.. The nitrogen, phosphorus and potassium contents of the soil were 0.18%, 4.50 mg
kg1and 257.79 mg kg, respectively. Some physical and chemical properties of organic fertilizers (chicken,
turkey, sheep, cattle and vermicompost) used in the experiment are shown in Table 1. It was determined
that organic fertilizers were rich in organic matter, nitrogen, phosphorus and potassium. The pH value of
organic fertilizers varied between 6.8 and 8.1. In general, it was detected that the salt contents of organic
fertilizers were high.
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Table 1. Some physical and chemical properties of organic fertilizers used in the study.
Cizelge 1. Calismada kullanmilan organik giibrelerin bazi fiziksel ve kimyasal 6zellikleri.

Examin?d Determined Values
properties Chicken Turkey Sheep Cattle Vermicompost
pH 7.6 7.7 7.9 8.1 6.8
EC (dS m™) 9.06 7.13 3.85 417 4.39
Organic matter (%) 59.33 55.24 53.48 50.17 31.28
Nitrogen (N) (%) 2.67 2.43 1.57 1.12 1.89
Phosphorus (P) (%) 2.70 242 1.41 1.02 1.78
Potassium (K) (%) 3.05 2.72 1.69 1.25 1.98
Method

Establishment of the Experiment, Seed Sowing and Cultivation of Plants

In the study, seven different applications were examined. The applications were as follows: 1) Control, 2)
Chicken manure, 3) Turkey manure, 4) Sheep manure, 5) Cattle manure, 6) Vermicompost and 7) Chemical
fertilizer. The experiment was established in randomized complete block design with three replications.
There were 7 plots in each replication and there were 21 plots (7 X 3 = 21 plots) in total. The experiment
field was made ready for sowing in September and 1.60 m?plots (1.45 m X 1.1 m) were prepared.

No fertilizer was added to the control application. Organic fertilizers were applied as 1.5 tons da'. Organic
fertilizers were mixed into the soil before sowing at 2.4 kg per plot. In chemical fertilizer application,
ammonium sulphate, triple superphosphate and potassium sulphate fertilizers were applied at 12 kg N da-
1,10 kg P20s da! and 12 kg K20 da'. All of phosphorus and potassium fertilizers and half of the nitrogen
fertilizer were applied before sowing, while the other half of the nitrogen fertilizer was applied two weeks
after sowing.

Seed sowing was done on 27.09.2017. Seeds were sown in 3 rows at 30 cm intervals in the plots. A space of
1 m was left among the plots to prevent the mixing of fertilizers. After the emergence, when the plants
reached the 3-4 leaf stage, thinning was done to be intra-row spacing 10-15 cm. All necessary cultural
practices were carried out regularly during cultivation period (Vural et al., 2000). No plant protection
product was used during the experiment. During the experiment, the temperature and relative humidity
values in the experiment field were recorded using a temperature and humidity recorder (Onset HOBO
UX100-003 Data Logger, USA) (Figure 1). The plants were harvested 67 days after sowing on 03.12.2017.
For the necessary measurements and analyses, the harvested plants were brought to the laboratory of
Department of Horticulture, Faculty of Agriculture, Bolu Abant Izzet Baysal University.

Measurements and Analyses Made in the Plants

In the study, 25 properties related to plant growth, yield, quality and 24 elements were examined. Plant
height (cm), plant diameter (cm), root length (cm), leaf blade length (cm), leaf blade width (cm) and leaf
stalk length (cm) were determined by measuring with a ruler. The root collar diameter (mm), leaf blade
thickness (mm) and leaf stalk thickness (mm) were measured with a digital caliper. Plant fresh weight (g)
and root fresh weight (g) were detected by weighing with a precision balance. Plant dry weight (g) and
root dry weight (g) were determined by weighing with a precision balance the samples after drying in an
oven at 65 °C until they reach a constant weight. The number of marketable leaves (number plant?) was
determined by counting the marketable leaves. In order to determine the yield (g m?2), all of the plants in
each plot were harvested by cutting their roots and the total weight was detected over m2 by weighing with
a precision balance. The chlorophyll content of the leaves (spad) was determined with a chlorophyll meter
(Apogee Chlorophyll Concentration Meter, MC-100). The dry matter content (%) was determined by using
the procedures of AOAC (1990). The pH values of the samples were measured using a digital pH meter
(Thermo Scientific, Orion Star A111). Total soluble solid content (%) was measured with a hand-held
refractometer (ATC-1, Atago, Japan). The colour properties of the leaves (L*, a* b*, C* and h°) were detected
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using a colorimeter (3NH NR60CP). The nitrate and phosphorus contents of the samples (mg kg ') were
determined using UV-visible spectrophotometer (UV-1800, Shimadzu, Japan). The nitrogen and sulphur
contents of the samples (%) were detected using Elemental Analyzer CHNS-O (Thermo Scientific, Flash
2000). To determine element (aluminum, arsenic, barium, boron, cadmium, calcium, chrome, cobalt,
copper, iron, lead, magnesium, manganese, mercury, nickel, potassium, selenium, sodium, thallium, tinnen
and zinc) contents of the samples (mg kg), dried samples were firstly ground by using a grinder (MC23200,
Siemens, Germany) and then prepared for analysis according to the microwave digestion method. Element
contents of the samples were detected using inductively coupled plasma-mass spectrometry ICP-MS X

Series (Thermo Scientific, UK).
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Figure 1. Temperature and relative humidity values measured in the experiment area during the experiment.
Sekil 1. Deneme siiresince deneme alaninda 6l¢iilen sicaklik ve nispi nem degerleri.

Statistical Analysis

All chemical analyses were performed with three replications. Measurements for morphological properties
carried out with ten replications. Data obtained in the study were subjected to analysis of variance

(ANOVA) using SPSS statistical software (Version 23.0). The means showing statistical significance were
compared by Duncan’s multiple range test.

RESULTS AND DISCUSSION

Effects of different fertilizer applications on plant height, plant diameter, plant fresh weight, plant dry
weight and yield in spinach are given in Table 2. The difference among the applications in terms of plant
fresh weight, plant dry weight and yield was significant at the P < 0.05 level, while the difference among
the applications in terms of plant height and plant diameter was significant at the P < 0.01 level. Among
the applications, the highest plant height (11.18 cm) was determined in turkey and cattle manure
applications, followed by chicken, vermicompost, sheep and chemical fertilizer applications which there
was no statistically significant difference among them. On the other hand, the lowest plant height were
detected in the control application with 9.66 cm. The highest value in terms of plant diameter was
determined in cattle manure (18.27 cm), and it was closely followed by turkey, chicken, chemical, sheep
and vermicompost applications which they were statistically in the same group with cattle manure.
However, the lowest value in terms of plant diameter was observed in the control (15.82 cm). Plant fresh
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weight varied from 8.88 to 11.07 g. Turkey, cattle and chicken manure applications which there was no
statistically significant difference among them possessed the highest values in terms of plant fresh weight.
They were followed by sheep, vermicompost and chemical fertilizer applications. Conversely, the lowest
plant fresh weight were observed in the control. When the effect of different fertilizer applications on plant
dry weight in spinach was examined, the highest value was obtained from vermicompost application (1.00
g), and it was followed by chicken and turkey manure applications. On the other hand, the lowest values
in terms of plant dry weight were determined in chemical, sheep, cattle and control applications. The
highest yield was obtained from cattle and sheep manure applications (444.54 and 425.09 g m?
respectively). Cattle and sheep manure were followed by vermicompost, chicken, turkey and chemical
fertilizer applications which they were not statistically different. Conversely, the lowest yield was recorded
in the control application (236.36 g m). In the present study, all organic fertilizer applications increased
plant height, plant diameter, plant fresh weight and yield compared with the control. When compared to
the control, cattle manure application increased plant height by 15.73%, plant diameter by 15.48% and yield
by 88.08%. Furthermore, cattle manure application increased yield by 41.16% compared to the chemical
fertilizer. It was determined that turkey manure application increased plant fresh weight by 24.66% and
plant height by 15.73% compared to the control. Vermicompost application increased plant dry weight by
20.48% compared with the control. In addition, the higher values in terms of plant height, plant fresh
weight, plant dry weight and yield were obtained from all organic fertilizer applications in comparison
with chemical fertilizer (Table 2).

Table 2. Effects of different fertilizer applications on plant height, plant diameter, plant fresh weight, plant dry weight
and yield in spinach.

Cizelge 2. Farkli giibre uygulamalarimin 1spanakta bitki boyu, bitki eni, bitki yas agirligi, bitki kuru agirligr ve verim iizerine
etkileri.

Fertilizers Plant height Plant diameter ~ Plant fresh Plant dry Yield
(cm) (cm) weight (g) weight (g) (g m?)
Control 9.66b** 15.82b** 8.88b* 0.83b* 236.36b*
Chicken 10.78a 17.69a 10.78a 0.95ab 367.55ab
Turkey 11.18a 17.74a 11.07a 0.86ab 365.50ab
Sheep 10.38ab 17.39a 10.35ab 0.81b 425.09a
Cattle 11.18a 18.27a 10.84a 0.82b 444.54a
Vermicompost 10.70a 17.21a 9.92ab 1.00a 388.11ab
Chemical 10.34ab 17.50a 9.87ab 0.79b 314.93ab

Means followed by different letters within the same columns are statistically different according to Duncan’s multiple range test. *:
significant at P < 0.05, **: Significant at P < 0.01.

Similar to our results, Citak et al. (2011) investigated effects of barnyard manure and vermicompost on
plant growth in spinach and reported that barnyard manure and vermicompost significantly increased
plant height and yield compared to control and the highest plant height and yield were determined in
barnyard manure. In another study, it was determined that plant height and yield in farmyard manure
were significantly higher than control and chemical fertilizer in spinach (Shaheen et al., 2017). In the study
conducted by Mufwanzala and Dikinya (2010) in spinach, it was determined that chicken manure
significantly increased plant dry weight as compared with the control. Altuntas et al. (2018) reported that
plant height and yield in vermicompost applications was found to be significantly higher than control and
chemical fertilizer in spinach. Xu and Mou (2016) stated that vermicompost applications increased plant
fresh weight and plant dry weight compared to control in spinach. Likewise, Ansari (2008), Ozkan and
Miiftiioglu (2016) and Durak et al. (2017) reported that vermicompost applications increased yield
compared to the control in spinach and lettuce. In the study carried out by Tavali et al. (2013) in summer
squash, it was detected that chicken manure and vermicompost significantly increased yield as compared
with the control. Our results were found to be compatible with the findings of previous researchers. Citak
and Sonmez (2010) investigated the effects of chemical fertilizer and organic fertilizers (chicken manure,
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barnyard manure and blood meal) on plant growth in spinach and found that the highest plant height and
yield were determined in chemical fertilizer, which was not compatible with our results.

As seen in Table 3, there was significant difference (P < 0.05) in terms of root dry weight among the
applications. On the other hand, no statistically significant difference was found among the applications in
terms of root length, root collar diameter and root fresh weight. Root length, root collar diameter and root
fresh weight depending on the applications in the study ranged from 10.16 to 11.69 cm, 3.06 to 3.80 mm,
and 2.75 to 3.68 g, respectively. Among the applications, the highest root dry weight (0.45 g) was
determined in turkey manure application, followed by vermicompost, chemical, chicken and sheep manure
applications which there was no statistically significant difference among them. The lowest values in terms
of root dry weight were detected in control and cattle manure (0.29 and 0.32 g, respectively) applications
(Table 3).

Similar to our results, Kashem et al. (2015) and Kumari et al. (2017) reported that vermicompost
applications significantly increased root dry weight as compared with the control in tomato and eggplant,
respectively. In another study, there was no statistically significant difference with respect to root length
among control and vermicompost applications in lettuce (Adiloglu et al., 2018), which was compatible with
our findings. In the study carried out by Kovacs et al. (2016) in spinach, root wet weight in cattle manure
application was found to be significantly higher than the control. It was reported that vermicompost
applications significantly increased root wet weight compared to the control in spinach (Ozkan et al., 2016).

Table 3. Effects of different fertilizer applications on root length, root collar diameter, root fresh weight and root dry
weight in spinach.

Cizelge 3. Farkli giibre uygulamalarimin 1spanakta kok uzunlugu, kok bogazi capi, kok yas agirlig ve kok kuru agirligs iizerine
etkileri.

Fertilizers Root length Root collar diameter Root fresh weight  Root dry weight
(cm) (mm) (g) (g)

Control 10.32ns 3.06m 2.75vs 0.29b*

Chicken 11.36 3.74 3.52 0.36ab

Turkey 10.44 3.80 3.68 0.45a

Sheep 11.54 3.45 2.94 0.35ab

Cattle 10.93 3.44 2.80 0.32b
Vermicompost ~ 11.69 3.46 2.87 0.39ab

Chemical 10.16 3.53 3.12 0.38ab

Means followed by different letters within the same columns are statistically different according to Duncan’s multiple range test.
*: significant at P < 0.05, ns: non-significant.

The difference among the applications in terms of leaf stalk thickness and number of marketable leaves
was significant at the P < 0.05 level, while the difference among the applications in terms of leaf blade
length, leaf blade width, leaf blade thickness and leaf stalk length was significant at the P < 0.01 level. Leaf
blade length, leaf blade width and leaf blade thickness depending on the applications ranged from 5.02 to
6.41 cm, 4.14 to 5.28 cm, and 0.87 to 1.19 mm, respectively. The highest values in terms of leaf properties
mentioned above were obtained from turkey and chicken manure applications, while the lowest values
were observed in the control. Leaf stalk length and number of marketable leaves varied from 3.76 to 4.82
cm and 7.81 to 8.57, respectively. Although the lowest leaf stalk length and number of marketable leaves
were determined in the control application, the highest values were observed in all fertilizer applications
which they were statistically in the same group. Leaf stalk thickness varied between 6.68 (control) and 7.73
(chicken manure) mm. In the study, it was determined that all organic fertilizer applications significantly
increased leaf blade length, leaf blade width, leaf blade thickness, leaf stalk length, leaf stalk thickness and
number of marketable leaves in comparison with control. In addition, the higher values with regard to
number of marketable leaves were obtained from all organic fertilizer applications compared to chemical
fertilizer. When compared to the control, turkey manure application increased leaf blade length by 27.69%.
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It was found that chicken manure application increased leaf blade width by 27.54% and number of
marketable leaves by 9.73% compared with the control (Table 4).

Citak et al. (2011) reported that barnyard manure and vermicompost significantly increased leaf stalk
length, leaf stalk thickness and number of leaves compared to the control in spinach. It was detected that
vermicompost applications significantly increased leaf length, leaf width and number of leaves as
compared with the control in spinach (Ozkan et al., 2016). Xu and Mou (2016) reported that vermicompost
applications increased number of leaves compared to the control in spinach. Likewise, it was found that
vermicompost applications increased leaf length, leaf width and number of leaves as compared with the
control in lettuce (Ozkan and Miiftiioglu, 2016; Adiloglu et al., 2018). The results obtained in this study
regarding leaf properties are consistent with the findings in the literature. Citak and Sonmez (2010)
reported that the highest leaf stalk length, leaf stalk diameter and number of leaves in spinach were
determined in chemical fertilizer among chicken manure, barnyard manure, blood meal and chemical
fertilizer, which was not consistent with our findings.

Table 4. Effects of different fertilizer applications on leaf blade length, leaf blade width, leaf blade thickness, leaf stalk
length, leaf stalk thickness and number of marketable leaves in spinach.
Cizelge 4. Farkli giibre uygulamalarimin ispanakta yaprak ayas: boyu, yaprak ayasi eni, yaprak ayasi kalmlhigi, yaprak sapi
uzunlugu, yaprak sapr kalinligr ve pazarlanabilir yaprak sayist iizerine etkileri.

Fertilizers Leaf blade Leaf blade Leaf blade Leaf stalk Leafstalk  Number of
length width thickness length thickness = marketable
(cm) (cm) (mm) (cm) (mm) leaves
(number plant)
Control 5.02¢** 4.14d** 0.87c** 3.76b** 6.68¢c* 7.81b*
Chicken 6.34a 5.28a 1.12ab 4.49a 7.73a 8.57a
Turkey 6.41a 521la 1.19a 4.81a 7.49ab 8.52a
Sheep 5.81b 4.64bc 1.08abc 4.46a 6.85bc 8.52a
Cattle 6.19ab 5.00ab 0.98bc 4.82a 7.16abc 8.33a
Vermicompost  5.74b 4.40cd 0.93bc 4.32a 6.83bc 8.43a
Chemical 5.91ab 4.73bc 0.95bc 4.41a 7.11abc 8.14ab

Means followed by different letters within the same columns are statistically different according to Duncan’s multiple range test. *:
significant at P < 0.05, **: Significant at P <0.01.

The analysis of variance showed that there were significant differences (P < 0.01) among the applications
in terms of chlorophyll content, dry matter content, pH, total soluble solid content and nitrate content in
spinach. Chlorophyll content in spinach plants belonging to different applications varied between 54.71
and 68.93 spad. The highest chlorophyll content was observed in chicken manure application, followed by
sheep manure application, though the lowest chlorophyll content was recorded in the control application.
The maximum and minimum dry matter contents were obtained from cattle manure (5.89%) and control
(4.32%) applications, respectively. In the present study, pH content of spinach plants varied between 6.53
and 6.76. The highest pH values were determined in turkey, chemical, sheep and chicken manure
applications which they were statistically in the same group. On the other hand, the lowest pH was detected
in the plants applied vermicompost fertilizer. The total soluble solid content varied between 1.51 and 2.28%
depending on the applications. The highest values with regard to total soluble solid content were found in
turkey, chemical, sheep, control and cattle manure applications, while the lowest values were observed in
vermicompost and chicken manure applications. There was a wide range variation in nitrate content of
spinach plants. When the nitrate content was examined, the highest values were found in chicken,
vermicompost, chemical and cattle manure applications (1182.62, 1109.93, 1095.97 and 1017.29 mg kg,
respectively). Whereas, the lowest nitrate content was detected in the control application (518.71 mg kg1).
It was determined that organic fertilizer applications increased chlorophyll content compared to the
control. Chicken manure application increased the chlorophyll content in the plant by 25.99% compared to
the control application. The higher values in terms of dry matter content were obtained from all organic
fertilizer applications in the study in comparison with control and chemical fertilizer. All fertilizer
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applications increased the nitrate content in the plant compared to the control. However, nitrate contents
of plants applied sheep, turkey and cattle manure were lower than that of chemical fertilizer. The nitrate
content of the plants applied sheep manure was 77.40% lower than the plants applied chemical fertilizer
(Table 5).

Baliah and Muthulakshmi (2017) and Kumarpandit et al. (2017) stated that farmyard manure and
vermicompost significantly increased chlorophyll contents of spinach and okra compared to the control,
which was consistent with our findings. Degwale (2016) and Mohanta et al. (2018) determined that
vermicompost increased dry matter content as compared with the control in garlic and broccoli,
respectively, which was agreed with our findings. Contrary to our results, it was determined that
vermicompost applications increased total soluble solid content compared to the control in spinach
(Peyvast et al., 2008). Tavali et al. (2013) and Tavali et al. (2014) reported that there was no statistically
significant difference with respect to pH value and total soluble solid content among control, vermicompost
and chemical fertilizer applications in cauliflower and cabbage. In the present study, the higher nitrate
content detected in organic and chemical fertilizer applications compared to the control may be due to the
high nitrogen content of these fertilizers. Nevertheless, the nitrate content determined in this study found
to be lower than the critical values recommended for human health according to World Health
Organization (WHO) and Food and Agriculture Organization of the United Nations (FAO). Tsai (2005)
reported that the high nitrate content in the plant at increasing doses of organic fertilizers is due to
increased nitrogen uptake. In the study conducted by Vigardt (2012) on spinach, higher nitrate content in
vermicompost applications was found as compared with the control, which was consistent with our
findings. In the studies carried out in spinach, broccoli and carrot, the highest nitrate content was
determined in chemical fertilizer among vermicompost, chicken manure, barnyard manure and chemical
fertilizer (Abubaker et al., 2010; Citak and Sonmez, 2010; Citak, 2014).

Table 5. Effects of different fertilizer applications on chlorophyll content, dry matter content, pH, total soluble solid
content and nitrate content in spinach.

Cizelge 5. Farkli giibre uygulamalarinin ispanakta klorofil icerigi, kuru madde orani, pH, suda ¢oziinebilir kuru madde miktart ve
nitrat iceridi iizerine etkileri.

Fertilizers Chlorophyll  Dry matter pH Total soluble  Nitrate
content content solid content content
(spad) (%) (%) (mg kg?)
Control 54.71c** 4.32¢** 6.63bc** 2.00a** 518.71d**
Chicken 68.93a 4.59bc 6.72ab 1.53b 1182.62a
Turkey 63.08b 4.62bc 6.76a 2.28a 875.25bc
Sheep 64.19ab 5.61ab 6.73ab 2.17a 617.77cd
Cattle 59.94b 5.89a 6.57cd 1.85ab 1017.29ab
Vermicompost  61.88b 5.03abc 6.53d 1.51b 1109.93ab
Chemical 63.22b 4.05¢ 6.75a 2.26a 1095.97ab

Means followed by different letters within the same columns are statistically different according to Duncan’s multiple range test. **:
Significant at P <0.01.

Significant difference (P < 0.01) was found among the applications with regards to h°® (Hue angle) colour
value. However, no statistically significant difference was found among the applications with respect to
L* a* b* and C* (Chroma) colour values. The h° colour values of the spinach samples varied from 117.88
(vermicompost) to 122.12 (chemical fertilizer). An apparent effect of different fertilizer applications on the
colour properties of spinach was not observed (Table 6).

Colour is one of the most important factors in terms of quality in spinach. Similar to our results, in the
study carried out by Ozen (2018) in lettuce, the effect of different organic materials (waste mushroom
compost, leonardite and vermicompost) and their different doses on colour was found to be insignificant.
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Table 6. Effects of different fertilizer applications on colour properties of the leaves (L*, a*, b*, C* and h°) in spinach.
Cizelge 6. Farkli giibre uygulamalarinin ispanakta yapraklarin renk 6zellikleri (L*, a*, b*, C* ve h°) iizerine etkileri.

Fertilizers L* a* b* C* h°
Control 37.97ns -6.66m 11.53ns 13.32ns 120.10ab**
Chicken 37.86 -5.98 10.71 12.27 119.13b
Turkey 37.79 -5.89 11.40 12.85 117.91b
Sheep 38.06 -5.75 9.95 11.50 120.17ab
Cattle 38.40 -6.59 11.19 13.00 120.41ab
Vermicompost 37.57 -6.22 11.63 13.19 117.88b
Chemical 37.30 -6.05 9.64 11.38 122.12a

Means followed by different letters within the same columns are statistically different according to Duncan’s multiple range test. **:
Significant at P < 0.01, ns: non-significant.

Effects of different fertilizer applications on element contents in spinach are presented in Table 7. The
differences among the applications in terms of boron (B), barium (Ba), calcium (Ca), chrome (Cr), copper
(Cu), potassium (K), magnesium (Mg), manganese (Mn), nitrogen (N), sodium (Na), nickel (Ni),
phosphorus (P), lead (Pb), sulphur (S), selenium (Se), tinnen (Sn) and zinc (Zn) contents were significant at
the P < 0.01 level, while the differences among the applications in terms of aluminum (Al), arsenic (As),
cadmium (Cd) and iron (Fe) contents were significant at the P <0.05 level. On the other hand, no statistically
significant difference was found among the applications in terms of cobalt (Co) content. In addition to, it
was determined that the mercury (Hg) and thallium (T1) contents of spinach plants belonging to different
applications examined in the study were below the detection limits (Table 7).

In the current study, a considerable variation in terms of element contents was determined among the
applications. Potassium, calcium, magnesium, phosphorus, sodium, nitrogen and sulphur contents
depending on the applications varied from 20724 to 25067 mg kg, 11455 to 15641 mg kg, 1909 to 2507 mg
kg1, 489.26 to 518.82 mg kg1, 397.61 to 770.18 mg kg1, 3.43 to 5.91% and 2.18 to 7.21%, respectively. Among
the applications, the lowest values in terms of potassium, calcium, magnesium, phosphorus, nitrogen and
sulphur contents were observed in the control. The highest calcium contents were detected in chemical,
turkey, vermicompost, cattle and sheep manure applications which they were statistically in the same
group. It was determined that the plants applied vermicompost fertilizer had the highest potassium,
phosphorus, nitrogen and sulphur contents. The highest values regarding magnesium content were found
in turkey, cattle, sheep, chemical and vermicompost applications which they were not statistically different.
The highest sodium content was observed in cattle manure application, though the lowest sodium content
was recorded in sheep manure application. It was determined that organic fertilizer applications
significantly increased essential mineral contents such as potassium, calcium, magnesium, phosphorus,
nitrogen and sulphur in the plant compared to the control. When compared to the control, vermicompost
application increased potassium content by 20.95% and nitrogen content by 72.30%. Furthermore,
vermicompost application increased the sulphur content of the plant approximately 3 times compared with
the control. It was found that turkey manure application increased calcium content by 35.26% and
magnesium content by 31.36% compared to the control. In addition to this, the higher values in terms of
phosphorus, nitrogen and sulphur contents were obtained from all organic fertilizer applications in
comparison with chemical fertilizer (Table 7).

Iron, manganese, zinc, boron, copper, barium and selenium contents depending on the applications varied
from 107.78 to 170.96 mg kg, 98.05 to 117.44 mg kg, 74.06 to 97.06 mg kg, 44.72 to 52.09 mg kg, 21.11 to
29.21 mg kg1, 13.85 to 24.81 mg kg'and 0.10 to 0.16 mg kg, respectively. The highest iron contents were
obtained from turkey, chicken, chemical and cattle manure applications which they were not statistically
different. Conversely, iron content in control, sheep manure and vermicompost applications was found to
be the lowest. The lowest values in terms of manganese, zinc and selenium contents were observed in the
control. Manganese content was the highest in chemical and cattle manure applications followed by turkey
manure application. Zinc content was the highest in cattle manure application. The highest values in terms
of selenium content were determined in cattle, sheep, vermicompost and turkey manure applications
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which they were statistically in the same group. The maximum and minimum copper contents were
obtained from vermicompost and chemical fertilizer applications, respectively. When the boron content
was examined, it was determined that there was no statistically significant difference among turkey, sheep,
vermicompost, cattle and chemical fertilizer applications and they had the highest boron contents.
However, the lowest boron content was observed in chicken manure and control applications. The highest
value with regard to barium content was found in turkey manure application, while the lowest value was
observed in chemical fertilizer. It was detected that, all organic fertilizer applications significantly increased
iron, manganese, zinc and selenium contents in the plant compared to the control. When compared to the
control, cattle manure application increased selenium content by 60.00%, zinc content by 31.06% and
manganese content by 17.79%. It was observed that turkey manure application increased iron content by
58.62% compared with the control. Additionally, the higher values in terms of selenium content were
obtained from all organic fertilizer applications in comparison with chemical fertilizer (Table 7).

It was determined that the plants applied chemical fertilizer had the highest aluminum content (125.55 mg
kg). Conversely, aluminum content in sheep manure application (76.02 mg kg') was found to be
considerably lower than those of other applications examined in the study. The highest arsenic content was
observed in the control application (0.41 mg kg), though the lowest arsenic content was recorded in
vermicompost application (0.25 mg kg1). In the study, the maximum and minimum values for cadmium
were detected in chemical fertilizer (0.53 mg kg') and vermicompost (0.40 mg kg?') applications,
respectively. The highest chrome content was found in the control application (0.49 mg kg1), whereas the
lowest chrome content was observed in the fertilizer applications (chicken, turkey, sheep, cattle,
vermicompost and chemical fertilizer) examined in the study. Nickel content was found to between 1.07
(chemical fertilizer) and 2.28 mg kg (control). Lead content was in the range from 0.11 (control) to 0.75 mg
kg1 (chicken manure). The highest tinnen content was found in cattle manure application with 1.83 mg kg
1. On the contrary, tinnen content was the lowest in sheep manure application (1.22 mg kg1). The arsenic,
chrome, cobalt, and nickel contents in organic fertilizer applications were found to be lower than the
control. Additionally, aluminum and cadmium contents in organic fertilizer applications were lower than
that of chemical fertilizer. This is very important considering that arsenic, chrome, cobalt, nickel, aluminum
and cadmium are heavy metals. On the other hand, it was determined that lead content in organic fertilizer
applications was significantly higher than control and chemical fertilizer (Table 7).

It is thought that the potassium, nitrogen and phosphorus contents of organic fertilizers used in the
experiment is effective in increasing potassium, nitrogen and phosphorus contents of plant in organic
fertilizer applications compared to the control in this study. Similar to our results, Peyvast et al. (2008)
determined that vermicompost applications increased potassium, calcium, magnesium, nitrogen,
phosphorus, iron, manganese, zinc and copper contents in spinach compared to the control. Likewise,
Hernandez et al. (2010), Tavali et al. (2014) and Durak et al. (2017) reported that vermicompost applications
increased potassium, calcium, nitrogen, magnesium, phosphorus, iron, zinc, copper and manganese
contents in lettuce and cabbage compared to the control. Citak (2014) found that barnyard manure and
vermicompost applications increased potassium, sulphur and iron contents in broccoli and carrot
compared to control and chemical fertilizer. In the study conducted by Mufwanzala and Dikinya (2010) in
spinach, it was determined that chicken manure significantly increased nitrogen and phosphorus contents
in the plant compared to the control. Our results were found to be compatible with the findings of previous
researchers. Contrary to our results, Citak et al. (2011) reported that potassium, magnesium, nitrogen, iron,
and zinc contents in barnyard manure and vermicompost applications were lower than the control in
spinach. Researchers also found that there were no significant differences with respect to manganese and
copper contents among vermicompost, barnyard manure and control applications. In another study,
Hinisli (2014) found that the highest potassium, phosphorus, and boron contents in lettuce were
determined in chemical fertilizer among vermicompost, cow manure and sheep manure. Kumarpandit et
al. (2017) reported that farmyard manure significantly decreased cadmium content of spinach compared to
the control.
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Table 7. Effects of different fertilizer applications on element contents in spinach.
Cizelge 7. Farkl1 giibre uygulamalarinin ispanakta element icerikleri iizerine etkileri.

Fertilizers Al As B Ba Ca Cd

(mgkg")  (mgkg") (mgkg") (mgkg’) (mg kg™) (mg kg)
Control 116.14abc*  0.41a* 44.83b** 19.94b** 11455¢** 0.43b*
Chicken 105.30abc 0.35abc 44.72b 19.95b 12763bc 0.47ab
Turkey 117.86ab 0.37ab 52.09a 24.81a 15494a 0.46ab
Sheep 76.02¢ 0.33abc 51.44a 17.84b 13908ab 0.45b
Cattle 99.78abc 0.36ab 49.92a 19.17b 14342ab 0.46b
Vermicompost 81.99bc 0.25c 50.47a 19.95b 14627a 0.40b
Chemical 125.55a 0.29bc 47.73ab 13.85¢ 15641a 0.53a
Fertilizers Co Cr Cu Fe Hg K

(mg kg (mgkg) (mgkg!) (mgkg) (mg kg?) (mg kg
Control 0.39ns 0.49a** 24.63b** 107.78b* nd 20724d**
Chicken 0.27 0.37b 23.25bc 157.56ab nd 22584c
Turkey 0.38 0.39b 24.06b 170.96a nd 23594bc
Sheep 0.25 0.30b 24.47b 109.51b nd 23477bc
Cattle 0.33 0.38b 24.80b 125.32ab nd 23905abc
Vermicompost  0.26 0.32b 29.21a 113.77b nd 25067a
Chemical 0.32 0.36b 21.11c 141.32ab nd 24864ab
Fertilizers Mg Mn N Na Ni P

(mg kg) (mg kg (%) (mg kg) (mg kg (mg kg?)
Control 1909¢** 98.05¢c** 3.43g** 597.26abc**  2.28a** 489.26f**
Chicken 2135b 102.78bc 5.80b 575.11abc 1.98a 499.61d
Turkey 2507a 114.79ab 5.35¢ 521.87bc 2.01a 505.27¢
Sheep 2400a 105.27abc  4.94e 397.61c 1.61ab 514.88b
Cattle 2445a 115.49a 5.03d 770.18a 1.65ab 496.91de
Vermicompost 2351a 106.47abc  5.91a 650.92ab 1.70ab 518.82a
Chemical 2388a 117.44a 4.75f 543.10bc 1.07b 493.06ef
Fertilizers Pb S Se Sn T Zn

(mg kg) (%) (mgkg') (mgkg?) (mg kg) (mg kg?)
Control 0.11b** 2.18g** 0.10c** 1.32cd** nd 74.06c**
Chicken 0.75a 6.25b 0.12bc 1.40c nd 82.92bc
Turkey 0.16b 5.48c 0.14ab 1.59b nd 77.03bc
Sheep 0.56a 3.64e 0.15a 1.22d nd 75.89bc
Cattle 0.50a 5.05d 0.16a 1.83a nd 97.06a
Vermicompost 0.54a 7.21a 0.14ab 1.54b nd 76.30bc
Chemical 0.13b 2.29f 0.11bc 1.41c nd 84.63b

Means followed by different letters within the same columns are statistically different according to Duncan’s multiple range test. *:
Significant at P < 0.05, **: Significant at P < 0.01, ns: non-significant, nd: not detected.

CONCLUSION

Nowadays, the use of organic fertilizers in vegetable cultivation has gained great importance in terms of
both human and environmental health and sustainability in agriculture. In this study, the effects of
different organic fertilizer applications on plant growth, yield, quality properties and element contents of
spinach grown under open field conditions in Bolu province were investigated. According to findings
obtained from the present study, the applications evaluated in the study significantly affected the plant
growth, yield, quality properties and element contents in spinach. The results also indicated that organic
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fertilizer applications generally increased yield, plant height, plant wet weight, plant dry weight, dry
matter content, number of marketable leaves, nitrogen, phosphorus, sulphur and selenium contents of the
plant in comparison with control and chemical fertilizer. The highest yield was determined in cattle manure
application. An apparent effect of different fertilizer applications on the colour properties of spinach was
not observed. In organic fertilizer applications, heavy metal contents such as arsenic, chrome, cobalt, and
nickel were found to be lower than the control. Additionally, the contents of heavy metals such as
aluminum and cadmium in organic fertilizer applications were lower than that of chemical fertilizer.
Consequently, all organic fertilizer applications in terms of yield, plant height, plant wet weight, dry matter
content, number of marketable leaves, nitrogen, phosphorus, sulphur and selenium contents; chicken,
turkey and sheep manures in terms of chlorophyll content; chicken, turkey and cattle manures in terms of
leaf blade length, leaf blade width and leaf stalk thickness; turkey and sheep manures in terms of total
soluble solid and nitrate contents; vermicompost in terms of potassium content; turkey, vermicompost,
cattle and sheep manures in terms of calcium, magnesium and manganese contents; turkey, chicken and
cattle manures in terms of iron content; cattle and chicken manures in terms of zinc content were found to
be the most successful organic fertilizer applications. It was concluded that organic fertilizers examined in
the study have positive effects on plant growth, yield, quality properties and element contents of spinach
and organic fertilizers can be used successfully for sustainable agriculture in spinach cultivation. The
findings of this study will be beneficial in terms of reducing the use of chemical fertilizers in agricultural
production, contributing to the widespread use of organic fertilizers, and obtaining healthier and higher
quality agricultural products in Turkey.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

DECLARATION OF AUTHOR CONTRIBUTION
Beyhan Kibar: Design of the study, statistical analysis, evaluation of the study, writing of the manuscript
Ozgiil Yaman Tiirkkan: Carrying out of the experiment, performing of the field and laboratory studies,

ACKNOWLEDGEMENTS

The authors would like to thank Assoc. Prof. Dr. Ferit Sonmez for his support in the chemical analyses and
Unit of Scientific Research Projects (2017.10.05.1195) of Bolu Abant Izzet Baysal University for the financial
support. This article was produced from Ozgiil Yaman Tiirkkan’s M.Sc thesis “Effects of Different Organic
Fertilizer Applications on Plant Growth, Yield, Quality Properties and Nutrient Content in Spinach
(Spinacia oleracea L.)".

REFERENCES

Abubaker, S. M., Abu-Zahra, T. R., Alzubi, Y. A., & Tahboub, A. B. (2010). Nitrate accumulation in spinach (Spinacia
oleracea L.) tissues under different fertilization regimes. Journal of Food, Agriculture & Environment, 8(2), 778-780.

Adiloglu, A., & Eraslan, F. (2012). Giibreler ve giibreleme teknigi. M. R. Karaman (Ed.), Bitki Besleme Saglikl: Bitki,
Saghikl Uretim. (ss. 420-421). Giibretas Rehber Kitaplar Dizisi, 2, Ankara.

Adiloglu, S., Eryilmaz Acikgoz, F., Solmaz, Y., Caktii, E., & Adiloglu, A. (2018). Effect of vermicompost on the growth
and yield of lettuce plant (Lactuca sativa L. var. crispa). International Journal of Plant & Soil Science, 21(1), 1-5.
https://doi.org/10.9734/1JPSS/2018/37574

Altuntas, O., Durak, A. & Kucuk, R. (2018). Optimization and comparison of the effects of vermicompost and
conventional fertilization on spinach (Spinacia oleracea L.) growth. Applied Ecology and Environmental Research, 16 (5),
7001-7016.

Ansari, A. A. (2008). Effect of vermicompost on the productivity of potato (Solanum tuberosum), spinach (Spinacia
oleracea) and turnip (Brassica campestris). World Journal of Agricultural Sciences, 4(3), 333-336.

Baliah, T. N., & Muthulakshmi, P. (2017). Effect of microbially enriched vermicompost on the growth and biochemical
characteristics of okra (Abelmoschus esculentus (L.) Moench). Advances in Plants & Agriculture Research, 6(5), 00228.
https://doi.org/10.15406/apar.2017.06.00228

——
Uluslararasi: Tarim ve Yaban Hayat: Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

220



Effects of Different Organic Fertilizers on Plant Growth, Yield, Quality Properties and Element Contents in Spinach

Citak, S., & Sonmez, S. (2010). Effects of conventional and organic fertilization on spinach (Spinacea oleracea L.) growth,
yield, vitamin C and nitrate concentration during two successive seasons. Scientia Horticulturae, 126(4), 415-420.
https://doi.org/10.1016/j.scienta.2010.08.010

Citak, S., Sonmez, S., Kogak, F., & Yasin, S. (2011). Vermikompost ve ahir giibresi uygulamalarmin ispanak (Spinacia
oleracea var. L.) bitkisinin gelisimi ve toprak verimliligi izerine etkileri. Derim, 28(1), 56-69.

Citak, S. (2014). Farkl: organik giibreler ile toprak diizenleyicinin brokoli (Brassica oleracea L. var. italica) ve havu¢ (Daucus
corata L.) yetistiriciliginde verim ve kalite iizerine etkileri. [Doktora Tezi, Akdeniz Universitesi].
https://tez.yok.gov.tr/UlusalTezMerkezi/

Degwale, A. (2016). Effect of vermicompost on growth, yield and quality of garlic (Allium sativum L.) in Enebse Sar
Midir District, Northwestern Ethiopia. Journal of Natural Sciences Research, 6(3), 51-63.

Durak, A., Altuntas, O., Kutsal, 1. K., Isik, R, & Karaat, F. E. (2017). The effects of vermicompost on yield and some
growth parameters of lettuce. Turkish Journal of Agriculture-Food Science and Technology, 5(12), 1566-1570.
https://doi.org/10.24925/turjaf.v5i12.1566-1570.1461

Garg, V. K., & Gupta, R. (2009). Vermicomposting of Agro-Industrial Processing Waste. In P. S. Nigam & A. Pandey
(Eds.), Biotechnology for Agro-Industrial Residues Utilisation (pp. 431-456). Springer, Dordrecht.

Hernandez, A., Castillo, H., Ojeda, D., Arras, A., Lopez, J., & Sanchez, E. (2010). Effect of vermicompost and compost
on lettuce production. Chilean Journal of Agricultural Research, 70(4), 583-589.

Hinisly, N. (2014). Vermikompost giibresinin kivircik bitkisinin gelismesi iizerine etkisinin belirlenmesi ve diger bazi organik
kaynakl giibrelerle karsilagtirilmast. [Yiiksek Lisans Tezi, Namik Kemal Universitesi.
https://tez.yok.gov.tr/UlusalTezMerkezi/

Kacar, B., & Katkat V. A. (2007). Giibreleme ve Giibreleme Teknigi. Nobel Basimevi, Ankara.
Kallo, G., & Bergh, B. O. (1993). Genetic Improvement of Vegetable Crop. Percamon Press. New York.

Karaman, M. R., & Turan, M. (2012). Bitki beslemede siirdiiriilebilir yonetim stratejisi ve giibre etkinlik parametreleri.
Toprak Su Dergisi 1(1), 15-21.

Karmakar, S., Brahmachari, K., Gangopadhyay, A., & Choudhury, S. R. (2012). Recycling of different available organic
wastes through vermicomposting. Journal of Chemistry, 9(2), 801-806. https://doi.org/10.1155/2012/945762

Kashem, M. A,, Sarker, A., Hossain, 1., & Islam, M. S. (2015). Comparison of the effect of vermicompost and inorganic
fertilizers on vegetative growth and fruit production of tomato (Solanum lycopersicum L.). Open Journal of Soil
Science, 5, 53-58. https://doi.org/10.4236/0jss.2015.52006

Kovacs, A. B., Kremper, R., Kincses, 1., & Leviczky, A. (2016). Influences of different organic fertilizers on nutrients of
humic sandy soil and on the growth of Spinach (Spinacia oleracea L.). Acta Agraria Debreceniensis, 70, 23-28.
https://doi.org/10.34101/actaagrar/70/1812

Kumar, B., & Topal, D. (2015). Comparative study of normal soil and vermicompost. International Journal of Novel
Research in Life Sciences, 2(2), 4-8.

Kumari, N., Yadav, B. S., & Peter, J. K. (2017). Synergistic effect of vermicompost, vermiwash, bioaugmontation and
carrier based biofertilizer on growth of Solanum melongena L. var. Silligudi 111 (Brinjal). International Journal of
Multidisciplinary Research and Development, 4(3), 66-70.

Kumarpandit, T., Kumarnaik, S., Patra, P. K., Dey, N,, Patra, P. K., & Das, D. K. (2017). Influence of organic manure
and lime on cadmium mobility in soil and uptake by spinach (Spinacia oleracea L.). Communications in Soil Science
and Plant Analysis, 48(4), 357-369. https://doi.org/10.1080/00103624.2016.1261886

Lampkin, N. (2002). Organic Farming. Old Pond Publishing, 104 Valley Road Ipswich, IPT 4PA, U.K.

Mercik, S., & Stepien, W. (2006). Crop yields and selected soil properties on manured and not manured fields at the
period of many years. Nawozy Nawozenie (Fertilisers and Fertilization), 8(4), 141-149.

Mohanta, R., Nandi, A. K., Mishra, S. P., Pattnaik, A., Hossain, M. M., & Padhiary, A. K. (2018). Effects of integrated
nutrient management on growth, yield, quality and economics of sprouting broccoli (Brassica oleracea var. italica)
cv. Shayali. Journal of Pharmacognosy and Phytochemistry, 7(1), 2229-2232.

——
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

221



https://dergipark.org.tr/tr/pub/ijaws
https://doi.org/10.34101/actaagrar/70/1812

Beyhan KIBAR, Ozgiil YAMAN TURKKAN

Mufwanzala, N., & Dikinya, O. (2010). Impact of poultry manure and its associated salinity on the growth and yield of
spinach (Spinacea oleracea) and carrot (Daucus carota). International Journal of Agriccultere & Biology, 12(4), 489-494.

Ozen, N. (2018). Marul bitkisinin verim ve kalitesi iizerine farkli mineralizasyon oranlarina sahip organik uygulamalarin etkileri.
[Yiiksek Lisans Tezi, Akdeniz Universitesi]. https://tez.yok.gov.tr/Ulusal TezMerkezi/

Ozkan, N., & Miiftiioglu, N. M. (2016). Farkl dozlardaki vermikompostun marul verimi ve bazi toprak o6zellikleri
tizerine etkisi. Bahge Dergisi, 45, 121-124.

Ozkan, N., Daglioglu, M., Unser, E., & Miiftiioglu, N. M. (2016). Vermikompostun i1spanak (Spinacia oleracea L.) verimi
ve bazi toprak Ozellikleri iizerine etkisi. COMU Ziraat Fakiiltesi Dergisi, 4(1), 1-5.

Peyvast, G. H., Olfati, . A., Madeni, S., & Forghani, A. (2008). Effect of vermicompost on the growth and yield of
spinach  (Spinacia  oleracea  L.). Journal of Food, Agriculture and Environment, 6(1), 110-113.
https://doi.org/10.1007/s40093-014-0077-8

Santamaria, P. (2006). Nitrate in vegetables: toxicity, content, intake and EC rugulation. Journal of the Science of Food and
Agriculture, 86(1), 10-17. https://doi.org/10.1002/jsfa.2351

Savcl, S. (2012). An agricultural pollutant: Chemical fertilizer. International Journal of Environmental Science and
Development, 3(1), 77-80.

Schoenau, J. J. (2006). Benefits of long-term application of manure. Advances in Pork Production, 17, 153-158.

Shaheen, S., Khan, M., Khan, M. J., Jilani, S., Bibi, Z., Munir, M., & Kiran, M. (2017). Effective Microorganisms (EM) co-
applied with organic wastes and NPK stimulate the growth, yield and quality of spinach (Spinacia oleracea
L.). Sarhad Journal of Agriculture, 33(1), 30-41. https://doi.org/10.17582/journal.sja/2017.33.1.30.41

Shetinina, E., Shetinina, A., & Potashova, 1. (2019). Efficiency of vermicompost production and use in agriculture. E3S Web
of Conferences 91: 06006. EDP Sciences

Soyergin, S. (2003). Organik Tarimda Toprak Verimliliginin Korunmasi, Giibreler ve Organik Toprak Iyilestiricileri. Atatiirk
Bahge Kiiltiirleri Merkez Aragtirma Enstitiisii, Yalova.

Tavaly, 1. E., Maltas, A. S., Uz, 1., & Kaplan, M. (2013). Karnabaharin (Brassica oleracea var. botrytis) verim, kalite ve
mineral beslenme durumu {izerine vermikompostun etkisi. Akdeniz Universitesi Ziraat Fakiiltesi Dergisi, 26(2), 115-
120.

Tavaly, I. E., Maltas, A. S., Uz, 1., & Kaplan, M. (2014). Vermikompostun beyaz bas lahananin (Brassica oleracea var. alba)
verim, kalite ve mineral beslenme durumu tizerine etkisi. Akdeniz Universitesi Ziraat Fakiiltesi Dergisi, 27(1), 61-67.

Tsai, Y. H., Hsu, H. M., & Chung, R. S. (2005). The effect of application of different rates of organic fertilizer on the soil
properties and nitrogen uptake of vegetables planted in plastic house. Journal of the Agricultural Association of
China, 6(3), 229-244.

TUIK. (2021). Bitkisel iiretim istatistikleri. http://www.tuik.gov.tr. [Erisim tarihi: 13 Mart 2022].

Vigardt, A. (2012). Influence of coffee vermicompost on growth and nutrient quality of greenhouse spinach and field grown green
bell peppers. [MSc Thesis, Southern Illinois University].

Vural, H,, Esiyok, D., & Duman, I (2000). Kiiltiir Sebzeleri (Sebze Yetistirme). Ege Universitesi Basimevi, Izmir.

Watson, C. A., Atkinson, D., Gosling, P., Jackson, L. R., & Rayns, F. W. (2002). Managing soil fertility in organic farming
systems. Soil Use and Management, 18, 239-247. https://doi.org/10.1079/SUM2002131

Xu, C, & Mou, B. (2016). Vermicompost affects soil properties and spinach growth, physiology, and nutritional
value. HortScience, 51(7), 847-855. https://doi.org/10.21273/HORTSCI.51.7.847

——
Uluslararasi: Tarim ve Yaban Hayat: Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

222



Research Article / Arastirma Makalesi

W BAJ(S;Q
é‘\ »2 " Uluslararasi Tarim ve Yaban Hayati Bilimleri Dergisi g‘gﬁi’;ﬁ'z‘;‘“‘;""“r“
ue < i
< Wais, =
2 u 6? International Journal of Agriculture and Wildlife Science
0 5@9' . ..
g\ 2022, 8(2): 223 — 233, doi: 10.24180/ijaws. 1096626

Yaprak Alma ve Su Potansiyeli Uygulamalarinin Merlot Uziim Cesidinde Salkim Ozellikleri ve
Verime Etkileri*

Leaf Defoliation and Leaf Water Potential Effects on Cluster Properties and Yield in cv. Merlot

flknur Korkutal* ©/,  Elman Bahar2", Serkan Candar3"®,  Fatma Betiil Aktag*
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Oz: Bu arastirma Tekirdag ili Sarkdy ilgesinde Chateau Kalpak baglarmda Merlot/41B ag1 kombinasyonu kullanilarak yaprak su potansiyeli ve yaprak
alma uygulamalarmnin salkim &zellikleri {izerine etkilerini belirlemek amaciyla yapilmigtir. Deneme 2019-2020 ve 2020-2021 vejetasyon periyodunda
bagda iki yil siireyle ytiriitilmustiir. Yapilan yaprak su potansiyeli uygulamalar: [SO (Kontrol=sulamasiz), S1 (-0.3/-0.5 MPa), S2 (-0.5/-0.7 MPa) ve S3
(<-0.7 MPa)] ve yaprak alma uygulamalari; Kontrol, Tam Pencere, Sag Pencere ve Sol Pencere uygulamasi seklinde gergeklestirilmistir. Sonug olarak;
Tekirdag ili Sarkdy ilgesinde Merlot {iziim gesidi yetistiriciliginde diisiik salkim eni, salkim boyu, salkim agirlig1 ve salkimdaki tane sayis1 elde edilmesi
istendiginde; Sol Pencere uygulamasinin segilebilecegi, diisiik salkim agirligi, salkim hacmi ve salkim siklig1 istendiginde de S3 stres uygulamasinin
tercih edilebilecegi sonucuna varilmistir.

Anahtar Kelimeler: Yaprak alma, Merlot, su stresi, salkim 6zellikleri, Vitis vinifera L.

&

Abstract: This research was carried out in order to determine the effects of leaf water potential and defoliation applications on the cluster characteristics
by using Merlot/41B grafting combination in Chateau Kalpak vineyards in Sarkoy district of Tekirdag province. The trial was carried out in a vineyard
for two years in the vegetation period of 2019-2020 and 2020-2021. In the experiment, there were leaf water potential [SO (Control=no irrigation), S1 (-
0.3/-0.5 MPa), S2 (-0.5/-0.7 MPa) and S3(<-0.7) MPa)] and defoliation methods; Control, Full Window, Right Window and Left Window were done
respectively. As a result if vigneron’s want; low cluster width, low cluster length, low cluster weight and low number of berry per cluster in Merlot
cv. in Sarkdy district of Tekirdag was concluded that Left Window application can be selected. And also S3 application can be preferred when low
cluster weight, low cluster volume and low cluster compactness are desired.

Keywords: Defoliation, Merlot, water stress, bunch characteristics, Vitis vinifera L.
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GIRIS

Yapraklar, tiziimiin olgunlasmasi sirasinda tanedeki seker ve nitrojen birikimine 6nemli katkida bulunan
organlardir (Rossouw vd., 2017). Uziim olgunlagsmasi esnasinda yapraklarin alinmasi seker ve nitrojen
birikiminde azalmaya neden olabilecek potansiyel bir karbon (C) ve N kaynagini ortadan kaldirir
(Rossouw vd., 2018). Diger bir ifadeyle yaprak alma salkim bolgesindeki mikroklimatik kosullar1 6nemli
derecede etkileyerek tiziim kompozisyonunu degistirebilir (Kliewer ve Dokoozlian, 2005). Ayrica yaprak
alma asmanin {iretim merkezi-tiiketim merkezi dengesinde 6nemli fizyolojik etkiler yaratabilir (Bowen,
2009). Bunlar; salkima giden fotosentez {iriinlerinin azalmasi (Vaillant-Gaveau vd., 2014), siirh kok
biiytimesi (Hunter vd., 1995), salkima giden asimilatlarin boliinmesi (Poni vd., 2008; Palliotti vd., 2011) ve
su etkinliginin azalmasi (Medrano vd., 2007) olarak siralanabilir.

Erken donem yaprak almanin Teran {iiziim ¢esidinde {iztim kalitesini yiikselttigi Bubola vd. (2022)
tarafindan bildirilmistir. Tekirdag kosullarinda Cabernet-Sauvignon tiziim ¢esidinde yaprak alma
uygulamasi olarak, sadece ana yapraklarin alinmasinin ilerleyen yillarda asma gelisimini zayiflatarak
verim azalis1 yaratabilecegi belirtilmistir (Bahar vd., 2018). Syrah {iziim ¢esidinde farkli yaprak alma
uygulamalar1 gerceklestiren arastiricilar; bu uygulamalarin salkimlara ve verime etkisinin istatistiki olarak
onemli olmadig1 sonucuna varmislardir. Ancak ana yapraklarin omca iizerinde birakildig1 uygulamalarin
diger uygulamalardan biraz yiiksek degerler aldigini kaydetmislerdir (Korkutal vd., 2017). Ferlito vd.
(2019), Nerello Mascalese iizitim gesidinde erken donemde bazal yaprak alma yaptiklar1 omcalar1 kontrol
omcalar1 ile karsilastirdiklarinda; bu asmalarin her iki yi1lda da daha yiiksek su durumu (Kontrole gore
daha diisiik negatif giin ortas1 YSP) gosterdigini saptamislardir. Tardaguila vd. (2010), erken donemde
mekanik veya el ile yaprak almanin etkilerini Carignane iiziim cesidinde incelemislerdir. Omcalarda
ciceklenme Oncesi elle yaprak alma uygulamasinin verimi %30; mekanik yaprak almanin da %70 azalttigini
belirlemislerdir. Palliotti vd. (2012), Ciliegiolo kirmiz1 tiziim ¢esidi ¢iceklenme Oncesi yapraklarin %75-
80'ini almislar ve bu asmalarin yaprak alma yapilmayan omcalara gore hafif ve seyrek salkimlar
olusturdugunu kaydetmislerdir. Teker ve Altindisli (2021), Sultani Cekirdeksiz {iziim ¢esidinde yapilan
yaprak almanin verimi oOnemli etkilemedigi; ancak, %50 yaprak almamin %25e nazaran verimi
yilikselttigini ortaya koymuslardir.

Kiiresel iklim degisikligi nedeniyle azalan su kaynaklari, asma yasam dongiisiinde etkili olmaktadir.
Siirdiiriilebilir bir bagcilik igin su varligr ¢ok onemlidir (Medrano ve ark., 2015). Kuraklik 6nemli bir
abiyotik strestir (Tester ve Bacic, 2005; Hirayama ve Shinoza, 2010; Cramer vd., 2011). Ote yandan bu stres
asmanin fenolojisi ve tiziim kompozisyonuna ¢ok 6nemli etkide bulundugundan; sarabin vinifikasyonunu,
mikrobiyolojisini, kimyasini ve duyusal 6zelliklerini de etkilemektedir (De Orduna, 2010; Blancquaert vd.,
2019). Korkutal vd. (2011), erken donem (May1s'in ikinci haftasi-Haziran in ikinci haftas1) yaratilan su stresi
sonucunda Merlot iiziim cesidinin ortalama salkim agirlig1 ve veriminin azaldigim belirlemislerdir. Ayrica
arastiricilar tarafindan Syrah cesidinde erken donem su stresinin salkim agirligini %41 azalttig1 ve buna
bagh olarak da verimin %28 oraninda diistiig{inii ortaya koymuslardir (Korkutal vd., 2019).

Merlot tiztim ¢esidinde yiiriitiilen bu arastirmada; olusturulan 4 farkli yaprak su potansiyeli seviyesi ve 4
yaprak alma uygulamasinin salkim o&zellikleri ile verim {izerine etkileri belirlenmistir. Bunun
belirlenmesindeki amag, kaliteli kirmizi saraplik iiziim yetistiriciligi yapmak igin; verim ve kalite
arasindaki dengenin tesisinde tireticilere yol gosterici olmaktir.

MATERYAL VE METOT

Materyal

Tekirdag ili icerisinde Sarkoy ilgesi sinirlarinda Chateau Kalpak baginda gergeklestirilen calisma ardisik
iki y1l stireyle (2019/2020 ve 2020/2021 yillarinda) yiriitiilmiistiir. Merlot/41B as1 kombinasyonundan
olusan omcalar kullanilmistir. Omcalar 2.1 m ve 1.0 m sira {izeri ve arasit mesafelerde dikilmistir. Govde
yiiksekligi 70 cm olan omcalar Espalye sisteminde ¢ift kollu kordon terbiye sistemine sahiptir.
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Metot

2019-2020 vejetasyon periyodunda Ol¢iimleri yapilmis olan asmalarin homojen olmasini saglamak adina
salkim, siirgiin sayilar1 ve gelisim kuvvetleri benzer secilmistir. Deneme asmalar1 arasinda bos asma
birakilmamis; salkim ve siirgiin sayilarinda farklilik goriilen asmalar ve ekstrem Ornekler deneme dist
birakilmistir. Sonraki yil ise siirgiinler yaklasik 30 cm oldugunda siirgiin ve salkim sayilari tekrar
esitlenmistir. Homojen olduklar1 kabul edilen 144 omca iizerinde; 4 farkli stres diizeyi [SO
(Kontrol=sulamasiz), S1 (-0.3/-0.5 MPa), S2 (-0.5/-0.7 MPa) ve S3(<-0.7 MPa)] ve 4 farkli yaprak alma
(Kontrol, Tam Pencere, Sag Pencere ve Sol Pencere) uygulamasi yapilmisgtir.

Yaprak Su Potansiyeli (Stres Diizeyleri)

Bes ile yedi giin araliklarla olgiilen W (Safak Oncesi yaprak su potansiyeli)ne gore sulama ihtiyaci
oldugunda belirlenen stres araliklari dikkate alinarak sulama yapilmis ve ertesi giin Ws kontrolii
yapilmstir. Bu sekilde Wss degerinin istenilen araliklarda olup olmadig1 denetlenmistir.

Stres 0 (Kontrol= Sulamasiz): Sulama yapilmamus, dogal yagisa birakilmustir.
Stres 1 (51): Safak 6ncesi YSP -0.4 MPa ile -0.6 MPa arasinda tutulmaya calisilmistir (YSP Wss -0.3/-0.5 MPa).
Stres 2 (52): Safak 6ncesi YSP -0.5 MPa ile -0.7 MPa arasinda tutulmaya c¢alisilmistir (YSP Wss -0.5/-0.7 MPa).

Stres 3 (S3): Safak oncesi YSP -0,7 MPa’dan daha diisiik seviyede tutulmaya c¢alisilmistir (YSP Ws <-0.7
MPa).

Yaprak Alma Uygulamalar:

Bu uygulamalar ben diismeden yaklasik iki hafta sonra yapilmistir. Sekizinci bogum {izerinden stirgiin ile
yapraklarin alinmas: ve yedi ile on {iciincii bogumlar arasindaki yapraklarin tamaminin pencere seklinde
¢ikarilmasiyla olusturulmustur. Bu uygulamalar; K (Kontrol=Yaprak alma yapilmamais), TP (Tam Pencere),
SAP (Sag Pencere=Bat1 Pencere) ve SOP (Sol Pencere=Dogu Pencere) seklinde ayrilmaktadir. Bu arada
tiztimlerin °Brix 15 ile 17 arasinda olmasina dikkat edilmistir (Algo, 2019).

Deneme Deseni ve Istatistiki Analiz

Boliinmiis Parseller Deneme Deseninde kurulan denemede ana parsel stres uygulamalarindan; her alt
parsel de yaprak alma uygulamalarindan olusturulmustur. Boylece; 4 farkl stres diizeyi x 4 farkli yaprak
alma x 3 tekerriir (her tekerriirde 3 omca) olmak {izere toplamda 144 asma iizerinde arastirma
yliriitiilm{istiir.

Calismanin verileri JMP 13.2.0 istatistik programi ile degerlendirilmis, ardindan LSD testi (0.05) ile
uygulamalarin olusturdugu farkliliklar belirlenmistir.

Arastirmada Incelenen Kriterler
Bazi iklimsel degerler ve fenolojik gelisim: Calismanin yapildig: iki yilin iklimsel kayitlar1 TMM (2020)’ den
alimmistir. Ayrica gergeklesen gelisim EL asamalari olarak kayit altina alinmistir (Lorenz vd., 1995).

Salkima ait 6zellikler hasatta her asmadan alinan 2 salkimda gerceklestirilmistir.
Salkim eni-boyu (cm): Salkim eni ve boyu degerleri kaydedilmistir (OIV, 2009).

Salkim agirligi (g): Asma basina verimin salkim sayisina boliinmesi ile gram cinsinden elde edilen degerdir
(OLV, 2009).

Salkim hacmi (cm?): Salkim su dolu meziire daldirilarak tasan su hacmi (cm?) olarak belirlenmis ve
kaydedilmistir (OIV, 2009).

Salkimdaki tane sayis1 (adet): Salkimin taneleri sayilarak belirlenmistir (OIV, 2009).

Salkim sikligi: Salkim siklig1 esitlik (1) formiiliiyle belirlenmistir. Islem sonucunda bulunan deger 1’den
kiiciik oldugunda sik; esit veya biiyiik ise seyrek salkimlidir (OIV, 2009).
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Salkim hacmi (cm?)
[(Salkimdaki tane sayisi x tane hacmi (cm?)]

Salkim sikhig = @)

Asma bagina verim: Her omcadan hasat edilen salkimlar tartilarak belirlenmistir.

BULGULAR VE TARTISMA

Bazi Iklimsel Degerler ve Fenolojik Gelisim

Toplam yagis miktar1 2019 yilinda 378.4 mm ve 2020 yilinda ise 290.0 mm oldugu belirlenmistir. 2020 yili
yagist 2019'dan 88.4 mm fazla bulunmustur. 1939-2019 yillar: arasi ortalama yagis miktar: 589.5 mm olup,
2019 y1l1 211.1 mm ve 2020 y1l1 299.5 mm eksik yagisa sahip olmusgtur. 2019 yili sicaklik degerleri ortalamasi
15.6°C ve 2020 y1l1 ortalamasi 15.3°C olarak gerceklesmistir (Sekil 1).

B Ortalama Sicaklik (°C) 2019 y1ili

30 ~ - 100
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Sekil 1. Deneme yillarina ait bazi iklim verileri.
Figure 1. Some climatological data of experimental years.

Iki y1l boyunca kaydedilen fenolojik gelisim asamalarina gore; 2019 yilinda gozlerin uyanmasi (EL 05) 11
Nisan, 2020 yilinda 15 Nisan olarak belirlenmistir. Tam ¢igeklenme donemi (EL 23) 2019 yilinda 2 Haziran,
2020 yilinda 8 Haziran; tane tutumu (EL 27) 2019 yilinda 9 Haziran, 2020 yilinda 14 Haziran; ben diisme
(EL 35) 2019 yilinda 20 Temmuz, 2020 yilinda 24 Temmuz ve son olarak hasat (EL 38) doneminin 2019
yilinda 15 Eyliil, 2020 yilinda 16 Eyliil tarihinde oldugu kaydedilmistir. Goriildiigii tizere fenolojik gelisim
asamalarinin tarihleri 4-6 giin arasinda kaymalar gostermistir.

Salkim Eni (cm)

Salkim eni iizerine uygulamalarin etkileri incelendiginde sadece Y1l Ana Etkisi (YAT) istatistik olarak (LSD
%5) 6nemli olarak kaydedilmistir (Cizelge 1).

Salkim eni agisindan YAT incelendiginde 2020 y1linin (11.16 cm) ilk 6nem grubunda, 2019 (10.60 cm) yilinin
ise son 6nem grubunda yer aldig: tespit edilmistir. YUT ve SPT istatistiki agidan LSD %5 diizeyinde 6nemli
olmamakla birlikte; YUT bakimindan salkim eni degerlerinin 10.68 cm (SOP) ile 11.03 cm (K) ile degerleri
arasinda oldugu; SPT ise 52 (11.05 cm) uygulamasinin yiiksek; 10.59 cm ile S1 uygulamasinin diisiik salkim
eni degerini aldif1 gozlenmistir. Calismada yaprak alma uygulamalari ve yaprak su potansiyeli
uygulamalar:1 arasinda istatistiki agidan fark bulunamamistir; bunun sebebinin bagin homojen yapisi,
salkimlarin esitlenmesi gibi faktorler oldugu diisiiniilmektedir.
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Cizelge 1. Farkli yaprak alma ve su potansiyeli uygulamalariin salkim enine etkileri.
Table 1. Different defoliation and LWP applications effects on cluster lenght.

YSP vill Uygulamalar Ana Etkiler

LW vhar Aplications Main Effects
Years

P K TP SAP SOP SPT YAT

2019 1124 1050 1030 10.27
S0 2020 1053 11.06 11.36 11.73 10.87
YilOrt. 10.89 1078 10.83  11.00
2019 11.05 9.84 11.30 1043
S1 2020 1030 1130 1026 10.26 10.59
YilOrt. 10.67 1057 10.78 10.35 2019 2020
2019 1112 1117 1070 1131 10.60b 11.16a
52 2020 1123 1140 1040 11.06 11.05
Yl Ort. 11.17 11.28 1055 11.18
2019 1098 994 9.98 9.55
S3 2020 11.80 1256 1246 10.86 11.02
Yl Ort. 11.39 1125 1122 10.21
YUT 11.03 1197 10.84 10.68
YAT LSD 0.05: 0.47.

K=Kontrol, TP=Tam Pencere, SAP=Sag (Bat1) Pencere, SOP=5S0l (Dogu) Pencere, SPT=Yaprak Su Potansiyeli Ana Etkisi, YAT=Y1l
Ana Etkisi, YUT=Yaprak Uygulamalar1 Ana Etkisi

Salkim Boyu (cm)

Farkl1 yaprak alma ve su potansiyeli ve uygulamalarinin salkim boyu {izerine etkileri incelendiginde yillar
arasinda ve uygulamalarin ana etkileri bakimindan YAT istatistik agidan (LSD 0.05) 6nemli; ana etki ve
interaksiyonlar 6nemsiz bulunmustur (Cizelge 2).

Cizelge 2. Farkli yaprak alma ve su potansiyeli uygulamalarimin salkim boyuna etkileri.
Table 2. Different defoliation and LWP applications effects on cluster width.

YSP il Uygulamalar Ana Etkiler

LW vhar Aplications Main Effects
Years

P K TP SAP sor SPT YAT

2019 1536  13.89 16.57 14.21
S0 2020 1723 1613 1773 17.70 16.10
Yil Ort. 16.30 15.01 1715 1595
2019 16.99 1618 1635 1534
S1 2020 1690 1750 16.60 17.20 16.63
YilOrt. 1694 1684 1647 16.27 2019 2020
2019 17.09 1592 1699 1558
S2 2020 1623 1726 1636 17.00 16.55
YilOrt. 16.66 16.59 16.67 16.29
2019 1654 15.67 1696 15.68
S3 2020 17.03 18.66 1740 17.86 16.97
Yl Ort. 1678 1717 1718 16.77
YUT 16.67 1640 1687 16.32
YAET LSD 0.05: 0.57.
K=Kontrol, TP=Tam Pencere, SAP=Sag (Bat1) Pencere, SOP=Sol (Dogu) Pencere, SPT=Yaprak Su Potansiyeli Ana Etkisi, YAT=Y1l
Ana Etkisi, YUT=Yaprak Uygulamalar1 Ana Etkisi.

15.96b 17.17a

Salkim boyu agisindan YAT'ne gore ilk grupta 2020 yil1 (17.17 cm); son 6nem grupta ise 2019 y1l1 (15.96 cm)
yer almistir. Yaprak Alma Ana Etkisi bakimindan yiiksek salkim boyu rakamsal degeri alan uygulama SAP
(16.87 cm), diisiik rakamsal degeri alan uygulama ise SOP (16.32 cm) uygulamast oldugu anlagilmistir. SPT
incelendiginde SO (16.97 cm) uygulamasmin diisitk salkim boyuna sahip oldugu; 16.10 cm ile K
uygulamasinin yiiksek salkim boyu degerini aldig1 goriilmiistiir. Michele Palieri {iziim ¢esidinde yaprak
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almanin salkim boyuna etkisinin istatistiki agidan 6nemsiz oldugu belirlenen arastirma bulgusuyla paralel
sonug verdigi goriilmiistiir (Korkutal vd., 2021). Benzer bulgu Algo (2019) tarafindan da alinmustir.

Salkim Agirlig (g)
Salkim agirligina farkl yaprak alma ve su potansiyeli uygulamalarinin etkileri ve interaksiyonlarinin LSD
%5 diizeyinde 6nemli olmadig1 ortaya ¢ikmistir (Cizelge 3).

Cizelge 3. Farkli yaprak alma ve su potansiyeli uygulamalarinin salkim agirligina etkileri.
Table 3. Different defoliation and LWP applications effects on cluster weight.

YSP yall Uygulamalar Ana Etkiler

LW vhar Aplications Main Effects
Years

P K TP SAP SOP SPT YAT

2019 177.00 178.33 207.00 179.33
SO 2020 174.60 178.10 190.23 199.53 185.51
Yl Ort.  175.80 178.21 198.61 189.43
2019 229.00 192.00 226.66 188.33
S1 2020 179.43 206.23 188.33 175.76 198.22
Yil Ort.  204.21 199.11 207.50 182.05 2019 2020
2019 207.33 196.66 213.00 219.33 195.93 185.67
S2 2020 192.90 180.46 171.90 185.43 195.87
Yil Ort.  200.11 202.38 192.45 202.38
2019 203.00 188.66 164.33 165.00
S3 2020 162.90 196.46 194.10 194.33 183.60
Y11 Ort. 18295 192.56 179.21 179.66
YUT 190.77 189.61 194.44 188.38
O.D. (Onemli Degil).
K=Kontrol, TP=Tam Pencere, SAP=Sag (Bat1) Pencere, SOP=Sol (Dogu) Pencere, SPT=Yaprak Su Potansiyeli Ana Etkisi, YAT=Y1l
Ana Etkisi, YUT=Yaprak Uygulamalar1 Ana Etkisi.

YUT bakimindan biiyiik salkim agirligina sahip olan uygulama SAP (194.44 g) olarak belirlenmistir. Kiigiik
salkim agirlig1 degerine sahip uygulama ise SOP uygulamasindan (188.38 g) alinmistir. SPT acgisindan
rakamsal olarak yiiksek salkim agirligi degerinin S2 (198.22 g) uygulamasindan alindigl goriilmiistiir.
Rakamsal olarak diisiik salkim agirhigi degerinin de S3 (183.60 g) uygulamasina ait oldugu ortaya
konmustur. YAT agisindan 2019 yil1 (195.93 g) yiiksek, 2020 yil1 (185.67 g) diisiik salkim agirhig1 degeri
vermistir. Istrian Malvasia tizlim cesidinde salkim agirlig: {izerine mekanik yaprak alma uygulamalarinin
istatistiki bir fark yaratmadig1 bulunmustur (Bubola vd., 2019). Calismada da buna benzer olarak; yaprak
alma uygulamalar1 arasinda istatistiki agidan herhangi bir fark bulunmadig1 goriilmiistiir. Ancak erken
donem su stresinin Merlot (Korkutal vd., 2011) ve Syrah (Korkutal vd., 2019) {iziim cesitlerinde ortalama
salkim agirligini azalttig1 bulgulariyla deneme bulgularinin paralel olmadig: belirlenmis, bu farkin erken
su stresinden kaynaklandig: diisiiniilmiistiir.

Salkim Hacmi (cm3)

Farkl1 yaprak alma ve su potansiyeli uygulamalarina gore salkim hacmi incelendiginde yil, YSP ve yaprak
alma uygulamalarinin ana etkileri ile SPT x YUT kombinasyonlar1 LSD %5 6nem diizeyinde 6nemli
bulunmamuistir (Cizelge 4).

YUT bakimindan yiiksek rakamsal degerini alan uygulama SAP (175.75 cm?®) uygulamas: olurken, Kontrol
uygulamasi ise 168.50 cm?® degerini alarak diisiik salkim hacmi degeri alan uygulama olarak
kaydedilmistir. SPT incelendiginde ise yiiksek salkim hacmi degeri S1 (179.30 cm?) uygulamasinda ve
diisiik salkim hacmi degeri ise S3 (164.69 cm?) uygulamasinda oldugu goriilmiistiir. YAT 2019 yili 175.45
cm?® yiiksek salkim hacmi degeri verdigi, 2020 yii 167.12 cm?® disiik salkim hacmi degeri verdigi
kaydedilmistir.
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Cizelge 4. Farkli yaprak alma ve su potansiyeli uygulamalariin salkim hacmine etkileri.
Table 4. Different defoliation and LWP applications effects on cluster volume.

YSP vill Uygulamalar Ana Etkiler

LW vhar Aplications Main Effects
Years

P K TP SAP SOP SPT YAT

2019 161.33 159.00 184.00 161.00
SO 2020 154.80 167.00 170.86 181.43 16742
Y1l Ort. 158.06 163.00 177.43 171.21
2019 202.66 183.00 211.66 172.33
S1 2020 152.53 182.43 170.86 158.93 179.30
Y Ort. 177.60 182.71 191.26 165.63 2019 2020
2019 179.33 172.66 190.33 195.66
S2 2020 168.76 160.80 156.33 166.06 173.74
Yil Ort. 174.05 166.73 173.33 180.86
2019 179.66 164.33 143.66 146.66
S3 2020 148.93 178.93 178.33 177.03  164.69
Yil Ort.  164.30 171.63 161.00 161.85
YUT 168.50 171.02 175.75 169.89
O.D. (Onemli Degil).
K=Kontrol, TP=Tam Pencere, SAP=Sag (Bat1) Pencere, SOP=Sol (Dogu) Pencere, SPT=Yaprak Su Potansiyeli Ana Etkisi, YAT=Y1l
Ana Etkisi, YUT=Yaprak Uygulamalar1 Ana Etkisi.

175.45 167.12

Salkimdaki Tane Sayisi (adet)
Bu kriter iizerine uygulamalar ve yil etkisi incelendiginde YAT istatistik olarak (LSD 0.05 seviyesinde)
onemli olarak goriilmiistiir (Cizelge 5).

YAT bakimindan salkimdaki tane sayis1 degerleri incelendiginde 2019 y1l1 160,11 adet tane sayist ile birinci;
2020 yil1 142.68 adet tane sayisi ile ikinci 6nem grubunda yer aldig: tespit edilmistir. YUT agisindan
salkimdaki tane sayisi degerlerinin 146.48 adet (SOP) ile 154.72 adet (TP) ile arasinda oldugu goriilmiistiir.
SPT incelendiginde S1 (153.70) uygulamas: rakamsal olarak yiiksek salkimdaki tane sayisina sahip oldugu
Olctilmiistiir. Merlot gesidinde yaprak alma uygulamalarinin salkimdaki tane sayisini azalttig1 Kotseridis
vd. (2012) tarafindan bulunmustur. Calisma sonucu ile arastiricilarin bulgularinin celistigi belirlenmistir.
Bu farkin uygulama zamanindan kaynaklanmis olabilecegi ongoriilmiistiir. Yillar agisindan bakildiginda
istatistiki agidan 6nemli oldugu goriilmiis ve salkimdaki tane sayisinin yillar igerisinde iklime bagli olarak
degiskenlik gosterebilecegi diistintilmiistiir.

Cizelge 5. Farkli yaprak alma ve su potansiyeli uygulamalarinin salkimdaki tane sayisina etkileri.
Table 5. Different defoliation and LWP applications effects on berry number per cluster.

YSP Uygulamalar Ana Etkiler
Yillar . ;
LW Years Aplications Main Effects
a
P K TP SAP sopP SPT YAT
2019

143.11 163.33 148.44

S0 2020 150.76 ~ 143.86  146.56 127.00 145.88

Yil Ort. 147.38 143.48 154.95 137.72
2019 189.00 152.22 175.11 159.55

S1 2020 135.56 162.86 122.86 132.43 153.70
Yil Ort.  162.28 157.54 148.99 145.99
2019 160.44 161.89 167.78 170.00 160.11a  142.68b

52 2020 146.23 138.43 134.00 145.13 152.98
Yil Ort.  153.34 150.16 150.89 157.56
2019 169.00 170.33 148.55 139.00

S3 2020 126.10 165.10 155.76 150.33 153.02
Yil Ort. 147.55 167.71 152.16 144.66

YUT 152.63 154.72 151.74 146.48

YAT LSD 0.05: 10.40.

2019 2020
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K=Kontrol, TP=Tam Pencere, SAP=Sag (Bat1) Pencere, SOP=Sol (Dogu) Pencere, SPT=Yaprak Su Potansiyeli Ana Etkisi, YAT=Y1l Ana
Etkisi, YUT=Yaprak Uygulamalar1 Ana Etkisi.

Salkim Siklig

Farkli yaprak alma ve su potansiyeli uygulamalarina gore salkim siklig1 degisimleri incelendiginde sadece
SPT istatistik agidan 6nemlidir (Cizelge 6). Yaprak Su Potansiyeli Ana Etkisi dikkate alindiginda S1 (0.96)
uygulamasinin birinci; S2 (0.88) ve S1 (0.85) uygulamalarinin ikinci ve S3 (0.77) uygulamasinin son 6nem
grubunda oldugu tespit edilmistir. Kotseridis vd. (2012), yaptiklari calismada yaprak alma uygulamasinin
siddeti arttik¢a salkim sikliginin azaldigini bulgusuyla benzer sonug elde edilmistir. Arastirma bulgular
salkim bolgesinden erken donem yaprak alma ile Pinot Gris ¢esidinde salkim sikliginin 6nemli derecede
azaldigr (Wegher vd., 2022) bulgusuyla da paralel sonu¢ alinmistir. Kontrole nazaran tiim yaprak alma
uygulamalarinda salkim siklig1 degerleri azaldig1 kaydedilmistir.

Cizelge 6. Farkli yaprak alma ve su potansiyeli uygulamalarinin salkim sikligina etkileri.
Table 6. Different defoliation and LWP applications effects on cluster compactness.

YSP vill Uygulamalar Ana Etkiler

LW vhar Aplications Main Effects
Years

p K TP SAP sOorP SPT YAT
2019 0.74 0.85 0.80 1.02

S0 2020 0.72 0.84 0.78 1.04 0.85ab

Yil Ort. 0.73 0.84 0.79 1.03
2019 0.95 1.05 0.84 0.87

S1 2020 1.13 0.82 1.15 0.90 0.96a
Yil Ort. 1.04 0.93 0.99 0.89 2019 2020
2019 0.87 0.75 0.88 0.88

S2 2020 0.93 0.85 1.14 0.80 0.88ab 084 089

Yil Ort.  0.90 0.80 1.01 0.84
2019 0.87 0.71 0.67 0.79

S3 2020 1.10 0.72 0.67 0.63 0.77b
Yil Ort.  0.99 0.72 0.67 0.71
YUT 0.91 0.82 0.86 0.86

SPT LSD 0.05: 0.11.
K=Kontrol, TP=Tam Pencere, SAP=Sag (Bat1) Pencere, SOP=5Sol (Dogu) Pencere, SPT=Yaprak Su Potansiyeli Ana Etkisi, YAT=Y1l Ana
Etkisi, YUT=Yaprak Uygulamalar1 Ana Etkisi.

Asma Bagina Verim (kg asma™)

Asma basina verim kriterine yil etkisi, YSP ile yaprak alma uygulamalariin etkileri ve SPT x YUT, LSD
0.05 gore dnemli bulunmamustir (Cizelge 7). YUT ve YAT bakimindan neredeyse tiim uygulamalarin ayni
verim degerini aldig1 goriilmiistiir. SPT acisindan asma basina verime yiiksek etkiyi S1 (2.26 kg asma)
uygulamas: yapmigstir. SPT x YUT interaksiyonu agisindan incelendiginde; S1 x TP (2.35 kg asma™)
interaksiyonun yiiksek asma basina verim degerini aldig1, S3 x K kombinasyonun (2.03 kg asma-!) ise diisiik
asma basina verim degerine sahip oldugu goriilmektedir.

Taneler sagma ve bezelye iriligindeyken Sauvignon Blanc iiziim ¢esidinde yaprak almanin verimi artirdig1
Wiirz vd. (2018); bu calismada ise yaprak alma uygulamalarimin verimi istatistiki agidan etkilemedigi
goriilmiistiir. Bu fark uygulamanin ben diisme déneminde yapilmasindan kaynaklanmais olabilir. Korkutal
vd. (2017) Syrah {iziim ¢esidinde yaprak alma uygulamalarinin verime etkisini istatistiki olarak 6nemli
bulmamuslar, bu arastirma ile paralel sonuca erismislerdir. Bahar vd. (2017) Sangiovese cesidinde -0.3 ile -
0.5 MPa arasindaki su stresindeki omcalarin verim degerinin istatistiki olmamakla birlikte diger YSP
degerlerinden yiiksek oldugu bulgusuyla aragtirma uyum igindedir. Ote yandan erken dénem su stresinin
Merlot (Korkutal vd., 2011) ve Syrah (Korkutal vd., 2019) {iziim gesitlerinde verimi diisiirdiigii bulgusuyla
arastirma sonuglari ¢elismektedir. Bunun erken dénem su stresinden kaynaklandig: diistiniilmiistiir.
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Cizelge 7. Farkli yaprak alma ve su potansiyeli uygulamalarinin asma basina verime etkileri.
Table 7. Different defoliation and LWP applications effects on yield per vine.

YSP vill Uygulamalar Ana Etkiler

LW vhar Aplications Main Effects
Years

P K TP SAP SOP SPT YAT
2019 2.36 2.33 2.33 2.33

S0 2020 2.13 2.06 2.26 2.16 2.25

Yil Ort. 225 2.20 2.30 2.25
2019 2.36 2.20 2.26 2.23

S1 2020 2.16 2.50 2.26 2.13 2.26
Yil Ort. 226 2.35 2.26 2.18 2019 2020
2019 2.26 2.13 2.06 2.06 2.22 2.21
52 2020 2.30 2.16 2.10 2.23 2.16

Yil Ort. 228 2.15 2.08 2.15
2019 2.10 2.10 2.23 2.23

S3 2020 1.96 2.33 2.30 2.33 2.20
Yil Ort.  2.03 221 2.26 2.28
YUT 2.20 2.22 2.22 2.21

O.D. (Onemli Degil).
K=Kontrol, TP=Tam Pencere, SAP=Sag (Bat1) Pencere, SOP=5Sol (Dogu) Pencere, SPT=Yaprak Su Potansiyeli Ana Etkisi, YAT=Y1l Ana
Etkisi, YUT=Yaprak Uygulamalar1 Ana Etkisi.

SONUC

Calismada; su stresinin bitki gelisimini etkiledigi ve yaprak alma uygulamalarinin fotosentez
mekanizmasina olan etkileri goriilmiistiir. Saraplik {iziim cesitlerinde kalite agisindan istenilen; diisiik
salkim agirligi, salkim hacmi ve salkim siklig1 6zelliklerini yaprak su potansiyeli uygulamalarindan S3
vermistir. Yaprak alma uygulamalar1 arasinda SOP (Sol Pencere) uygulamasinin en diisiik; salkim eni,
salkim boyu, salkim agirlig1 ve salkimdaki tane sayis1 degerleri aldig1 saptanmustir.

Sonug olarak; Tekirdag ili Sarkoy ilgesinde Merlot {iziim ¢esidi yetistiriciliginde diisiik salkim eni, salkim
boyu, salkim agirlign ve salkimdaki tane sayisi elde edilmesi istendiginde; SOP uygulamasinin
secilebilecegi, diisiik salkim agirligi, salkim hacmi ve salkim siklig1 istendiginde S3 stres uygulamasi tercih
edilebilecegi sonucuna varilmistir.

CIKAR CATISMASI
Yazarlar aralarinda herhangi bir ¢ikar catismasi olmadigini bildirmektedirler.

YAZAR KATKISI
Yazarlar makaleye esit oranda katkida bulunduklarini beyan etmektedirler.

TESEKKUR
Yazarlar, 2 y1l boyunca baginda aragtirma yapilmasina olanak saglayan Kalpak Tarim Uriinleri Ltd. Sti.
sahibi Sayin Biilent KALPAKLIOGLU na tesekkiir ederler.
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Determination of Genetic Diversity in Banana and Bell Pepper Lines Using Molecular Markers*
Molekiiler Markerlar Kullanarak Carliston ve Dolmalik Biber Hatlarinda Genetik Cesitliligin
Belirlenmesi

Yahya Nas! '/,  Hiilya Ilbi2
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Abstract: Successful hybrid cultivar breeding is depend on the high genetic diversity of the plant sources, as well as the homozygous and genetically
distant lines requiring hybridization. The aim of this study is to determine the genetic distance between the inbred lines of pepper (Capsicum annuum
L.) in order to increase efficacy of the breeding program. In this study, the genetic distances between the inbred lines of 44 bell peppers and 35 banana
peppers were investigated using the SRAP (Sequence Related Amplified Polymorphism) markers. Based on pattern scores, dendrograms were
produced by the UPGMA (unweighted pair-group method of mathematical averages method). Out of the 71 primer combinations tested, 50
combinations revealed polymorphisms among the banana pepper lines, and a total of 123 polymorphic bands were obtained. In the bell pepper lines,
24 SRAP primer combinations were tested and 15 combinations had 25 polymorphic bands. Based on the UPGMA cluster analysis, the pepper lines
divided into groups as bell peppers and banana peppers. While the genetic similarity among the banana pepper lines varied between 0.62 and 0.98,
the genetic similarity among the bell pepper lines varied between 0.54 and 1.00. As a result, it can be stated that the SRAP markers can be used
successfully for determining the genetic distances of the pepper inbred lines thus will help the breeding programme.

Keywords: Pepper, genetic relationship, SRAP, polymorphism

&

Oz: Hibrit gesit 1slahinda bagarinin saglanmast; genetik cesitliligi yiiksek bitki kaynagina, melezlenecek hatlarin homozigot olmasina ve melezlenecek
hatlarin genetik olarak birbirinden uzak olmasina baghdir. Bu ¢alismada, biber (Capsicum annum L.) saf hatlar1 arasindaki genetik uzaklhigin
belirlenmesi ve 1slah programinin etkinliginin arttirilmas: amaglanmustir. Calismada 44 adet dolmalik ve 35 adet carliston biber saf hatlar1 arasindaki
genetik uzaklik, SRAP (Sequence Related Amplified Polymorphism) marker: ile aragtirilmigtir. Dendrogramlar UPGMA (unweighted pair-group
method of mathematical averages method) yontemine gore olusturulmustur. Test edilen 71 primer kombinasyonundan, carliston biber hatlarinda 50
kombinasyon polimorfizm gostermis ve toplamda 123 adet polimorfik bant elde edilmistir. Dolmalik biber hatlarinda 24 SRAP primer kombinasyonu
test edilmis ve 15 kombinasyondan 25 polimorfik bant elde edilmistir. UPGMA kiime analizine gore biber hatlar1 dolmalik biber ve garliston biber
olarak gruplara ayrilmustir. Carliston biber hatlari arasindaki genetik benzerlik 0.62 ile 0.98 arasinda degisirken, dolmalik biber hatlar1 arasindaki
genetik benzerlik 0.54 ile 1.00 arasinda degismistir. Sonug olarak, SRAP markerlarinin biber saf hatlarinin genetik uzakliklarinin belirlenmesinde
basarili bir sekilde kullanilarak islah programina yardimei olacag ifade edilebilir.
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Determination of Genetic Diversity in Banana and Bell Pepper Lines Using Molecular Markers

INTRODUCTION

Pepper (Capsicum annum L.), a member of the Solanaceae family is one of the most globally important
vegetable crops because of its consumption preferences and high nutritional value. It is becoming
increasingly popular among consumers, with industrial applications also rising worldwide. In 2020, the
global production of pepper was 36 million tons (FAOSTAT, 2022).

The Conservation of Plant Genetic Resources is vital both for plant breeding and society (Moreira et al.,
2018). While the ability of breeders to achieve their goals depends on the plant genetic resources (Alvares
Bianchi et al., 2020) and its genetic diversity. The genetic diversity of breeding lines has become smaller
due to the breeding activities (Lee et al., 2016).

The pepper genotypes generally are evaluated based on their agro-morphological characteristics and
disease-pest resistance in the breeding programs, resulting in genetic bottleneck. Species identification
based on morphological characteristics is often difficult. The most of these characteristics are under the
influence of environmental factors and might not be distinguish genotypes (Rodriguez et al., 1999).
Furthermore, the limited number of morphological characteristics allow the breeders to survey only a small
portion of the genetic diversity of the entire germplasm, and the resulting data cannot be used for breeding
programs based genome-wide variation. The germplasm with a minimum number of accessions and
maximum genetic diversity in pepper breeding programme will facilitate easy access to genetic material as
well as the use of hidden genetic diversity. Therefore, molecular markers have been used efficiently to
characterize the genetic diversity of germplasm in Capsicum sp. (Lefebvre et al., 2001; Geleta et al., 2005;
Tam et al., 2005; Ibiza et al., 2012; Pacheco-Olvera et al., 2012; Zhang et al., 2016). In fact, AFLP (Amplified
Fragment Length Polymorphism), ISSR (Inter Simple Sequence Repeats), SSR (Simple Sequence Repeat),
RAPD (Random Amplification Polymorphism DNA) and SRAP (Sequence Related Amplified
Polymorphism) are widely employed in the identification of genetic diversity (Finger et al., 2010; Thul et
al., 2012; Wahyuni et al., 2013; Moses et al., 2014; Carvalho et al., 2014; Carvalho et al., 2015; Grover et al.,
2016).

SRAP (Sequence Related Amplified Polymorphism), one of the PCR techniques is based on the
reproduction of open reading regions (ORFs, Open Reading Frames) in DNA. The SRAP markers are used
to determine the genetic relationships of species. It is also preferred for its practical use in gene tagging,
genomics, and cDNA fingerprinting as well as map-based cloning, and for providing reliable results (Li
and Quiros, 2001).

The genetic diversity of inbred pepper lines and heterotic groups studies has not yet been extensively
analyzed. Some studies using AFLP (Aktas et al., 2009), AFLP, RAPD (Lefebvre et al., 2001) and RAPD
(Kumar et al., 2007) markers have been reported but these surveys only considered a few accessions. The
aim of this research was to determine the genetic relationships among the 79 inbred pepper lines (Capsicum
annum L.) using SRAP molecular markers and thus to establish the basis for the selection of the lines to be
used as parents in the breeding programs.

MATERIAL AND METHOD

Plant Material
Forty-four bell pepper pure lines and 35 banana pepper pure lines from the AD-Rossen Seed Company
were used in the present research.

DNA Extraction

The DNA isolation of the pepper lines was carried out by using CTAB protocol according to Doyle and
Doyle (1990). After the quantities of the DNA samples obtained were determined using the
spectrophotometer, the samples were diluted to 10 pl/ng.

SRAP Markers
A total of 95 combinations were tested in the SRAP analysis, including 71 combinations for the banana
genotypes, and 24 combinations for the bell peppers (Table 1).
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Table 1. SRAP primer combinations used in the Banana and bell pepper lines.
Cizelge 1. Carliston ve dolmalik biber hatlarinda kullanilan SRAP primer kombinasyonlar1.

Banana Pepper

No Primer Combination No Primer Combination No Primer Combination
1 mel x em1 26 me3 x em2 51 me6 X em6
2 mel x em2 27 me3 x em3 52 me6 x em7
3 mel x em3 28 me3 x em4 53 me6 x em9
4 mel x em4 29 me3 x em6 54 me6 x em10
5 mel x em6 30 me3 x em7 55 me6 x em11
6 mel x em7 31 me3 x em8 56 me6 x em12
7 mel x em8 32 me3 x em9 57 me6 x em13
8 mel x em9 33 me3 x em10 58 me6 x em14
9 mel x em10 34 me3 x eml11 59 me6 x em15
10 mel x em11 35 me3 x em12 60 me6 x em16
11 mel x em12 36 me3 x em13 61 me7 X em6
12 mel x em13 37 me3 x em14 62 me8 x em2
13 mel x em14 38 me3 x em15 63 me8 X em6
14 mel x em15 39 me3 x em16 64 me9 x em6
15 mel x em16 40 me3 x em17 65 mel0 x em5
16 me2 x em1 41 me4 x em1 66 mel0 x em6
17 me2 x em2 42 me4 x em2 67 mel0 x em9
18 me2 x em3 43 me5 x em1 68 mell x em6
19 me2 x em4 44 me5 x em2 69 mell x em7
20 me2 X em6 45 me5 x em4 70 mel2 x em5
21 me2 x em7 46 meb5 x em6 71 mel2 x em6
22 me2 x em8 47 me6 x em1
23 me2 x em9 48 me6 x em2
24 me2 x em10 49 me6 x em3
25 me3 x em1 50 me6 x em4
Bell Pepper
No Primer Combination No Primer Combination No Primer Combination
1 mel x em11 9 me3 x em3 17 me6 x em15
2 mel x em14 10 me3 x em9 18 me8 x em2
3 mel x em19 11 me3 x em17 19 me8 x em7
4 me2 x em1 12 me4 x em1 20 me9 x em2
5 me2 x em2 13 me4 x em13 21 me9 x em7
6 me2 x em3 14 me5 x em2 22 mel0 x em15
7 me2 X em6 15 meb5 x em4 23 mell x em9
8 me2 x em2 16 me6 X em6 24 mell x em10
PCR Protocol

PCR amplifications were performed in 15 pL reaction volumes containing 25 ng uL-' genomic DNA, 1 unit
Taq polymerase, 1X PCR buffer, 2.5 mM of forward and reverse primers, 2mM MgClz, 250 uM of dNTP
mix.

Thermal cycling conditions using a Thermocycler Mastercycler (Eppendorf-Germany) were at 94°C for 5
min, followed by 5 cyles of 94°C 1 min, 35°C 1 min, 72°C 1 min; followed by 29 cycles of at 50°C for
annealing temperature. Finally, extension was performed at 72°C for 10 min. The PCR products were
separated in 2.5% of agarose gel.

Data Analysis

The presence or absence of a SRAP band was scored as one (1) or zero (0), respectively. The data was
evaluated in the NTSYS-pc version 2.2 (Numerical Taxonomy and Multivariate Analysis System) (Rohlf,
1992). The distance among the genotypes was calculated by applying the Jaccard similarity coefficient. The
clustering was performed using UPGMA (Unweighted Pair-Group Method Algorithm) method by SHAN
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clustering program. A correlation matrix was obtained by the SIMINT and a PCA (Principal Component
Analysis) was performed.

RESULTS AND DISCUSSION

The Genetic Distance in Banana Pepper Lines

Out of the 71 SRAP primer combinations tested to determine the genetic relationship among the 35 banana
pepper lines, 50 combinations yielded 123 polymorphic bands (Table 2). The SRAP combination that
provided the most polymorphic bands among these lines was Me3 x Em16.The genetic similarity of 35
banana pepper lines varied from 0.62 to 0.98, revealing two main groups (Figurel).
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Figure 1. The genetic similarity among the Banana pepper lines created by the UPGMA method.
Sekil 1. UPGMA yontemi ile olusturulmusg carliston biber hatlar: arasindaki benzerlik dengogram.

The UPGMA dendrogram as defined by SRAP markers revealed two major groups. The first group
included lines 189 and 193, which had genetic similarity of 69% (Figure 1).

The second group included remaining lines of the banana pepper. The genetic similarity of these genotype
was 73%. Subsequently, second group was further divided in to 3 subgroups. The first subgroup consisted
of lines 194, 195, 196; the second subgroup included only line 204, and the third subgroup consisted of
remaining lines (Figure 1).

The genetic similarity between the lines 190 and 191 in third subgroup and between the lines 218 and 219
in second subgroup was 98%. The lines 185 and 193 had the farthest genetically distance (Figure 1).

Bozokalfa et al. (2017) found also that the genetic distance among the local pepper genotypes by SRAP
markers ranged between 62 and 94% which was similar to our findings. However, the genetic similarity of
the 22 accession of C. annuum, C. baccatum, C. chinense, C. eximium, C. frutescens, and C. luteum species, was
reported to be between 23 and 88% for the RAPD markers and 11 and 96% for the ISSR marker (Thul et al.,
2012). Zhang et al. (2016) also indicated that high polymorphism among the 372 pepper accessions was
achieved by the use of the SSR marker. These results showed us that the genetic distance can be varied
according to the genotype and molecular markers.
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Table 2. SRAP primer combinations showing polymorphism in the Banana pepper lines.
Cizelge 2. Carliston biber hatlarinda polimorfizm gosteren SRAP primer kombinasyonlar1.

No Primer Combination Number of No Primer Combination Number of
Polymorphic Polymorphic
Bands Bands

1 em]l x me3 2 12 mel x em2 2

2 eml x me5 1 13 mel x em3 3

3 em]l x me6 4 14 mel x em4 5

4 em6 x me2 1 15 mel x em7 3

5 em6 x me3 3 16 mel x em8 2

6 em6 x meb5 3 17 mel x em9 2

7 em6 X me6 2 18 mel x eml11 1

8 em6 x me7 3 19 mel x em12 4

9 em6 x me9 2 20 mel x em13 2
10 em6 x mel0 1 21 mel x em14 1

11 em6 x mell 3 22 mel x em15 4
23 em6 x mel2 1 37 me6 x em11 1
24 em9 x me6b 1 38 me6 x em12 3
25 em9 x mel0 2 39 me6 x em13 1
26 em3 x me3 2 40 me6 x em14 2
27 me3 x em4 1 41 me6 x em15 3
28 me3 x em7 4 42 mel x em16 3
29 me3 x em9 3 43 me2 x em4 3
30 me3 x em10 3 44 me2 x em7 1
31 me3 x eml11 3 45 me2 x em8 2
32 me3 x em12 3 46 me3 x em13 4
33 me6 x em2 3 47 me3 x em14 3
34 me6 x em3 1 48 me3 x em15 2
35 me6 x em4 3 49 me3 x em16 6
36 me6 x em7 2 50 me3 x em17 3

We determined line specific markers for lines 208 and 193 (Table 3). While the line 208 had a specific SRAP
marker at 310 bp by the Em6 x Mell primer combination. The line 193 had 3 specific SRAP markers at 300
bp by Me3 x Em12 and by Mel x Em12 primer combinations, and at 200 bp by Mel x Em4 combination
(Figure 2). It can be stated that these markers can be useful for parental selection during multiplication of
these lines, thus improving the hybrid breeding and seed production when these lines used as parental

lines.

Table 3. Specific markers obtained for the Banana pepper lines.
Cizelge 3. Carliston biber hatlarinda elde edilen spesifik markorler.

Inbred lines Primer combination bp
208 em6 x mell 310
193 me3 x em12 300
193 mel x em4 200
193 mel x em12 300
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Figure. 2. Specific markers belonging to the Banana inbred lines 208 and 193.
Sekil 2. 208 ve 193 nolu carliston saf hatlarina ait spesifik markorler.

The genetic distance between banana genotypes were further examined by 2-dimensional and 3-
dimensional scatter plots of different genotypes derived by the PCA (Principal Component Analysis).
SRAP data showed that 77.21% of the total variation could be explained by the three principal components
based on the first, second and third Eigen vectors which account for 69.91%, 3.90% and 3.40% variation
respectively (Figure 3 and Table 4).

Table 4. Factor groups formed as a result of the SRAP marker analysis in the Banana pepper lines.
Cizelge 4. Carliston biber hatlarinda SRAP markér analizleri sonucunda olusan faktor gruplart.

PC axes Eigenvalues Variation (%) Total variation (%)
1 24.46 69.91 69.91
2 1.36 3.90 73.81
3 1.19 3.40 77.21
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Figure 3. Two dimensional PCA scaling of 35 banana peppers genotypes using SRAP markers
Selil 3. SRAP markerlar: kullanilarak 35 carliston biber genotipinin iki boyutlu PCA olceklemesi

Genetic Distance in Bell Pepper Lines

Out of the 24 SRAP primer combinations tested to determine the genetic relationship among the 44 bell
pepper lines, as well as in the Banana pepper lines (Table 1). 15 combinations yielded 25 polymorphic bands
(Table 5).

Table 5. SRAP primer combinations showing polymorphism in the bell pepper lines.
Cizelge 5. Dolmalik biber hatlarinda polimorfizm gdsteren SRAP primer kombinasyonlari.

No Primer Number of Polymorphic No Primer Number of Polymorphic

Combination Bands Combination Bands
1 eml x me4 3 9 em13 x me4 4
2 em2 x me3 1 10  eml5 x me6 1
3 emb6xmeb 3 11 eml5 x mel0 1
4 em7 x me9 1 12  mel x em19 3
5 em9 x me3 2 13  em6 x me2 1
6 em9xmell 1 14 em2 x me2 1
7  eml0xmell 1 15 me3 xeml7 1
8 emll xmel 1
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Figure 4. The genetic similarity among the bell pepper lines, created by the UPGMA method.
Sekil 4. UPGMA yontemi ile olusturulmug dolmalik biber hatlar: arasindaki benzerlik dengograma.

A dendrogram was created employing the UPGMA by using the similarity index in the bell pepper lines
(Figure 4). The genetic similarity of the bell pepper lines varied from 0.54 and 1.00, and consist of two main
groups (Figure 4).

The UPGMA dendrogram as defined by SRAP markers revealed two major groups, as well as banana
pepper. The first group included line 168 while the second group included remaining lines of the bell
pepper. The second main group is also divided into 3 subgroups which had genetic similarity of 61%. The
first subgroup consisted of lines 145, 147, 152, 173; the second subgroup included only line 154, and the
third subgroup consisted of remaining lines (Figure 4).

The most distant relationship in the bell pepper lines is seen between lines 141 and 168 (Figure 4). Also, the
lines that are genetically closest to each other are 180-181; 183-184; 163-164.

Xu et al. (2011) on investigation of the genetic distance between 72 pepper accessions using 17 pairs of
SRAP markers reported genetic similarity which varied among 0.56 and 0.91. However, Rai et al. (2013)
examined the genetic diversity in 48 pepper genotypes, collected from 9 different countries, using the SSR
and RAMPO (random amplified microsatellite polymorphism) markers. Genetic similarity found with the
SSR markers ranged from 0.26 to 0.89, while with the RAMPO markers the similarity between the
genotypes ranged from 0.37 to 0.98. These results were similar to the findings of the present study.
However, Go¢gmen (2019), in which 16 pepper genotypes collected from different regions were investigated
in terms of the phylogenetic relationship with SRAP markers, a total of 155 polymorphic bands were
obtained from 31 combinations of the SRAP primers. These values were higher than the results obtained in
this study. The high number of polymorphic bands is attributed to the peppers being collected from
different locations.

The top five principal components were used to analyze population structure. The results showed that the
five PCs had contribution rates of 31.01%, 2.57%, 2.10%, 1.51% and 1.08% respectively (Table 6). PCA
separated the 44 genotypes into two major groups which were consistent with the UPGMA results (Figure
5).
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Table 6. Factor groups formed as a result of the SRAP marker analysis in the bell pepper lines.
Cizelge 6. Dolmalik biber hatlarinda SRAP markdr analizleri sonucunda olugan faktor gruplari.

PC axes Eigenvalues Variation (%) Total variation (%)
1 31.01 70.49 70.49
2 2.57 5.86 76.35
3 2.10 4.77 81.13
4 1.51 3.45 84.58
5 1.08 2.46 87.04
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Figure 5. Two dimensional PCA scaling of 44 bell peppers genotypes using SRAP markers
Sekil 5. SRAP markerlart kullanilarak 44 dolmalik biber genotipinin iki boyutlu PCA olgeklemesi
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CONCLUSION
Our study revealed that the SRAP marker system is useful for determining the genetic distances of the
inbred lines. In this context, it is deduced that more primer combinations require testing, and

morphological characterization should be made besides molecular characterization, thus enabling stronger
results. Therefore, the findings obtained by this study demonstrated that the genetic variation between the
inbred lines could easily be researched utilizing the SRAP marker.
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Marul (Lactuca sativa) Bitkisinde Sorun Olan Verticillium dahliae’ ya Kars1 Baz1 Biyo Etmen ve
Organik Maddelerin Etkisi
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Oz: Bu calismada, Verticillium dahliae’nin gelisimi tizerine bazi fungal (Trichoderma harzianum, Trichoderma virens, Trichoderma asperellum, Trichoderma
viride) ve maya (Saccharonyces cerevisiae) biyolojik kontrol etmenleri ile vermikompost ve salisilik asit organik maddelerin etkisi aragtirilmigtir. Calisma
in vitro ve in vivo kosullarda yiiriiylilmiis ve in vitro’da antagonizmin derecesi ve yiizde olarak engelleme orani belirlenmistir. Inn vitro’da inhibisyon
orani en yiiksek olarak belirlenen T. asperellum ve S. cerevisiae ile vermikompost ve salisilik asit organik maddelerin, in vivo’da marul (Lactuca sativa)
bitkisinde sorun teskil eden V. dahline’min gelisimine etkisi incelenmistir. Ayrica organik maddelerden salisilik asitin V. dahliae’ nin gelisimini tamamen
engelledigi belirlenmistir. S. cerevisiae ve salisilik asit, V. dahliae patojeninin oldugu uygulamalarda kontrol grubuna oranla bitkilerin siirgiin boyunu
ve kok uzunlugunu arttirmustir. Gerek yesil aksam gerek govde kesiti skala degerlerinde salisilik asit ve T. asperellum, V. dahliae patojeninin etkinligini
azaltmustir.

Anahtar Kelimeler: Trichoderma spp., Verticilliumdahliae. Saccharomyces cerevisiae, salisilik asit, marul (Lactuca sativa).
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Abstract: The effects of some fungal (Trichoderma harzianum, Trichoderma virens, Trichoderma asperellum, Trichoderma viride) and yeast (Saccharomyces
cerevisiae) biological control agents, as well as vermicompost and salicylic acid organic substances, on the development of the difficult-to-control
Verticillium dahliae, were investigated in this study. The study was conducted in vitro and in vivo, and the degree of antagonism and percent inhibition
rate in vitro was determined. The effects of T. asperellum and S. cerevisiae, which had the highest inhibition rate in vitro, and vermicompost and salicylic
acid organic substances on the development of V. dahliae, which is a problem in lettuce (Lactuca sativa) in vivo, were investigated. In addition, it
determined that salicylic acid, one of the organic substances, completely inhibited the development of V. dahliae. S. cerevisiae and salicylic acid increased
the plant length and root length compared to the control group in applications with V. dahliae pathogen. Salicylic acid and T. asperellum reduced the
effectiveness of the pathogen V. dahliae in both the green parts and the stem section scale values.

Keywords: Trichoderma spp., Verticilliumdahliae. Saccharomyces cerevisiae, salicylic acid, lettuce (Lactuca sativa).
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GIRIS

Bir serin iklim sebzesi olan marul bitkisi papatyagiller (Lactuca sativa) (Asteraceae) familyasindandir.
Yaprak 6zelligine gore gruplara ayrilan marul bitkisi, iilkemizde en ¢ok {iretimi yapilan sebzeler arasinda
yer almaktadir (Salk vd., 2008). Taze yapraklar1 degerlendirilen marul bitkisi, yapisinda besin degerince
6nemli mineralleri barindirmaktadir (Giinay, 2005; Akbay, 2012). Organik maddece zengin topraklarda
hizla gelisim gostererek kisa bir vejetasyon doneminde yetistiriciligi yapilmaktadir (Kilig, 2018). Marul
yetistiriciliginde onemli bir¢ok toprak kokenli hastalik etmeni sorun olmaktadir (Koike vd., 2007).
Verticillium dahliae marulda solgunluk ve aniden 6liim gibi belirtiler ile ciddi sorunlar olusturmaktadir (Wu
ve Subbarao, 2014). Verticillium solgunlugu bir¢ok bitki grubunda 6nemli enfeksiyonlara yol agmakta ve
marul i¢in yikicl bir patojen durumundadir. Ciinkii bu hastalik semptomlar1 marulun vejetatif doneminde
normal seyirde ancak pazarlanmaya yaklasinca aniden hizli bir sekilde gelismektedir (Hayes vd., 2007).
Patojen, marulun ilk donemlerinde kok vaskiiler dokusunda renk degisikligi, ilerleyen donemlerde ise yani
pivasa olgunluguna ulasinca bitki oliimiine neden olacak agisal kloroz, nekroz veya ani solgunluk
belirtileri olusturmaktadir (Hayes vd., 2007). V. dahlize kotii yapili topraklarda yillarca canliligim
korumakta ve sicak bolgelerde 6zellikle sulak alanlarda biiyiik bir problem olusturmaktadir (Vallad vd.,
2005). Bu patojene karsi miicadelede kiiltiirel onlemler ve dayamikli gesit kullanimi yetersiz kalmus,
alternatif miicadele yontemleri, 6zellikle siirdiiriilebilir tarim uygulamasmi zorunlu hale getirmistir
(Veloso vd., 2016).

Kimyasal giibrelere alternatif olarak kullanilan ve siirdiiriilebilir tarim kapsaminda yer alan mikrobiyal
giibreler, bir¢ok biyotik ve abiyotik stres faktdriine kars: bitkilerde dayaniklilik saglamaktadirlar (Kilig,
2018). Trichoderma spp., mikoparazitik etkiye sahip, bitki gelisimini tesvik eden, toprak yapisini
diizenleyen, fitopatojenlere karsi koruma saglayan, tarim alanlarinda biyolojik kontrol ajani olarak
kullanilan faydali organizmalarin basinda gelmektedir (Guzman-Guzman vd., 2019). Trichoderma spp.’nin
yapisinda bulunan ikincil metabolitler bitki hastaliklarini dnlemede bu organizmalarin etkinligini
arttirarak gerek tek basina gerekse farkl1 mikroorganizmalarla bitki patojenlerine kars: kullanilmaktadir
(Aydin, 2015).

Bitkilerde goriilen bircok stress faktoriine karsi etkinlik gosteren ve yararli mikrobiyal aktiviteyi arttiran
uygulamalardan biri de vermikomposttur (Joshi vd., 2015). Vermikompost, toprak solucanlarinin
kullanildig1 organik atiklarin kompostlastirilmis tirtiniidiir (Edwards ve Bohlen, 1996; Tutar, 2013; Ergiin,
2020). Siv1 solucan giibresi ise kompostlanan giibrenin islem gormiis halidir (Yildirim, 2019). Rizorfer
bolgesine uygulanan sivi solucan giibresi ve vermikompost hem toprak yapisini diizenleyerek bitki
gelisimi arttirmakta hem de pestisit kullanimina ihtiya¢ duyulmadan bir¢ok patojene karsi miicadele
saglamaktadir (Ergiin, 2020).

Bitki biiylimesinin diizenlenmesi, gelisimi ve diger organizmalarla etkilesiminde temel rol oynayan ve
biyotik ve abiyotik stres kosullarinda bitkiye dayaniklilik saglayan salisilik asit (SA) bitkilerdeki 6nemli
fenolik gruplar arasinda yer almaktadir (Harborne, 1980; Van Breusegem vd., 2001; Ozeker, 2005;
Karasakal, 2020). Strese maruz kalan bitkilerin zararin1 azaltmak igin kullanilan SA, bitkinin gelisme
donemine bagli olarak savunma mekanizmalarini harekete gegirerek etkili oldugu ifade edilmektedir
(Horvath vd., 2007; Sevimay, 2009).

Zararl1 mikroorganizmalarin gelisimini engelleyici bir diger uygulama ise mayalardir (Hayduck, 1909;
Bedir ve Kuleasan, 2020). Mayalarin iiretmis olduklari mikotoksin metabolitler antagonistik etki
gostermektedir (Schmitt ve Breinig, 2002). Tarimsal {iretimde Saccharomyces gibi antimikrobiyal {iretebilen
antagonistlerin kullanimi, depolama veya nakliye sirasinda patojen gelisimini engellemektedir (Toffano
vd., 2017). Genellikle toprakta yasayan ve ayristirict 6zelligi de bulunan mayalar hiicre disinda hidrolitik
enzimler iireterek seker, amino asit ve aromatik bilesikleri metabolize ederler. Antibiyotik sentezledikleri
igin tibbi ve endiistriyel 6neme sahiptir. Mayalarin biyolojik kontrolii her ne kadar yavas etki gosterse de
kalici, ucuz ve gevre kirliligine zarar1 en az olan uygulamalardan biridir (Aghighi vd., 2004).

Bu ¢alismanin amaglari,
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- Trichoderma spp., Saccharomyces cerevisiae, vermikompost ve SA’in in vitro’da V. dahlise patojeni tizerine
etkisini saptamak,

- In vitro’da V. dahliae’nin gelisimini en ¢ok inhibe eden Trichoderma tiirtinii belirlemek,

- Bircok kiiltiir bitkisinde hastalik yapan ve miicadelesi ¢cok zor olan V. dahlize x marul patosisteminde
biyolojik etmenlerin ve organik maddelerin hastalik siddeti ile baz1 bitki gelisim parametreleri {izerine
etkisini ortaya koymaktir.

MATERYAL VE METOT

Calismanin in vitro asamasi i¢in vermikompost organik maddesi Vermisol Natural Tarim Sanayi Tic. Ltd.
Sti.’den, kuru maya (Saccharomyces cerevisiae) ve salisilik asit ticari firmadan temin edilmistir. Viriilanslig:
On calismalar ile belirlenen V. dahliae patojeni ve Trichoderma harzianum, Trichoderma virens, Trichoderma
asperellum, Trichoderma viride biyolojik kontrol etmenleri Van Yiiziincii Yil Universitesi Ziraat Fakiiltesi
Bitki Koruma Boliimii Mikoloji Laboratuvarindan temin edilmistir. Kullaniulan Trichoderma spp. daha
onceden topraktan izole edilmis, molekiiler olarak teyit edilmis, antagonistik 6zelligi yiiksek izolatlardir
(Demirer Durak, 2011).

Calismada hem patojen hem de biyolojik kontrol etmenlerinin izolasyonu, tespiti, inokulum olarak
gelistirilmesi ve bir sonraki asamada kullanilmak {izere stok olarak saklanmasinda Patates Dekstroz Agar
(PDA) besi ortami kullanilmusgtir.

Calismanin in vivo asamasinda, bitkisel materyal olarak Zeta tohumculuk firmasindan temin edilen
Yedikule 5701 marul ¢esidi kullanilmistir. Denemede bitki yetistirme ortami olarak 2:1 oraninda torf-perlit
karisimindan olusan har¢ materyali kullanilmistir.

Calismanin birinci asamasinda in vitro ortaminda Trichoderma spp., maya, salisilik asit ve vermikompostun
V. dahlige izolatina kars1 inhibisyon orani (%) ve antagonizm derecesi belirlenmistir.

In Vitroda Trichoderma spp. x Verticillium dahliae Ikili Kiiltiir Teknigi

Bir haftalik saf kiiltiirlerden mantar delici ile alinan 5 mm’lik diskler PDA besi yeri iceren petrilere
aralarinda 6 cm olacak sekilde karsilikli olarak ekilmistir. Ilk &nce yavas gelisen V. dahliae izolati, bir hafta
sonra da Trichoderma izolatlar1 ekilmistir. Kontrol petrilerine her bir fungusun tek ekimi yapilmistir. Bes
tekerriirlii yapilan denemede petriler 24°C sicaklikta 5 giin boyunca inkiibe edilmis daha sonra antagonizm
derecesini belirlemek i¢in 1-5 skala degeri kullanilmistir (Bell vd., 1982; Melo ve Faull, 2000).

1-5 skala degeri

1: Trichoderma spp. antagonistlerinin %100 patojen {izerinde gelisimi
2: Trichoderma spp. antagonistlerinin %75 patojen {izerinde gelisimi

3: Trichoderma spp. antagonistlerinin %50 patojen {izerinde gelisimi

4: Patojenin %75 Trichoderma spp. antagonistlerinin tizerinde gelisimi
5: Patojenin %100 Trichoderma spp. antagonistlerinin tizerinde gelisimi

Ikili kiiltiirde patojen inhibisyon orani (%) formiilii (Royse ve Ries 1978) kullanilarak belirlenmistir. RI=(R1-
R2)/R1X100

RI: Biiylimenin antagonist tarafindan engellenmesi
R1: Patojenin koloni yarigapi
R2: Patojenin antagonist yoniindeki biiyiime yari1 ¢ap1

Uygulamalar sonucunda en iyi sonucu veren Trichoderma spp. segilerek bir sonraki asamada kullanilmistir.
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In Vitroda Verticillium dahliae x Organik Madde Interaksiyonu

Kuru mayadan (Saccharomyces cerevisiae) ve vermikomposttan 2.5 gm 1! konsantrasyonunda 100 ml'lik
siispansiyon otoklavda steril edilmis 60 °C’deki PDA ortamina karistirithp petrilere dokiilmiistiir. Daha
sonra V. dahliae izolatindan 0.5 cm ¢apinda misel diskleri mantar delici ile kesilip PDA igeren petrilerin
merkezine birakilmistir. Kontrol grubu V. dahlisze ise PDA ortamina herhangi bir organik madde
kullanilmadan petrinin merkezine gelisime birakilmistir.

Petriler 25 °C’de iki hafta inkiibe edilerek diskler etrafindaki fungus gelismeyen bolgenin ¢ap1 (inhibisyon
zonu) mm olarak Ol¢iilmiistiir. Petri ortaminda kullanilan maya, salisilik asit ve vermikompostun V. dahliae
gelisimine etkisi kaydedilmistir.

In Vivo Ortaminda V. dahliae Inokulasyonu

Calismanin in vivo asamasinda marul tohumlar1 %0.05'lik Sodyum hipoklorit (NaOCl i¢inde 3 dk tutularak
saf su ile yikanmistir (Marschner vd., 1997). Daha sonra tohumlar bir gozii 4.7 x 4.7 x 6.0 cm ebatlarindaki
45’lik plastik viollere ekimi yapilmis fide donemine kadar bu ortamda yetistirilmistir. Fide yetistirme
ortami olarak 1:1 oraninda torf-perlit karisimindan olusan har¢ materyali kullanilmistir. Tohum ekiminden
4 hafta sonra yetistirilen fideler, 3 kg karisim alabilen 20 cm capindaki plastik saksilara sasirtilmistir.
Sagirtma Oncesinde kullanilacak saksilar % 10’luk formalin ile dezenfekte edilmigtir. Deneme 5 tekerriirlii
ve her bir tekerriirde 1’er bitki olacak sekilde tesadiif parselleri deneme desenine gore kurulmustur. Bitkiler
deneme siiresince 23+2 °C sicaklik ve %60-70 orantili nem kosullarina sahip 16 saat aydinlik 8 saat karanlik
6000-8000 lux 1sik siddetinde led bitki gelisim 1siklariyla donatilmis iklim odasinda yetistirilmistir.
Sulamalar saf su ile yapilmis ve bitkilere 3 kez Hoagland besin soliisyonu verilmistir (Hoagland ve Arnon,
1950).

Iklim odasinda 4 haftalik gelismeye birakilan marul fidelerine V. dahlige inokulasyonu yapilmistir.
Inokulasyon isleminden énce PDA ortaminda gelistirilen V. dahlige izolatindan mantar delici ile 5 mm’lik
parcalar alinmis, stok siispansiyon ¢oOzeltisi icine aktarilmistir. Siispansiyonun, spor yogunlugu
hemositometrede 1x10°konidi/ml’ ye ayarlanmus, hazirlanan bu soliisyona marul fideleri 5 dakika siireyle
daldinlmistir (Zink ve Gubber, 1986; Yesilova ve Karaca, 2007). Kontrol grubu ise s6z konusu organik
maddelerden veya T. asperellum kullanilmadan gelisime birakilmistir.

In Vivo Ortaminda V. dahliae Patojenine Karst Organik Maddelerin Uygulanmasi

In vitroda Trichoderma tiirlerinin antagonizm derecesi ve inhibisyon orani sonuglarina gore V. dahliae’ya en
etkili oldugu belirlenen T. asperellum izolati in vivoda kullanilmistir. Marul fidelerine patojen
inokulasyonundan 7 giin sonra SA, maya, vermikompost ve T.asperellum uygulamasi yapilmistir. Fideler
yaklasik 4-5 yaprakli oldugu dénemde, saks1 basina 0.5 mM SA (%0.02 Tween 20 i¢inde hazirland1) gelecek
sekilde topraktan sulamayla uygulanmistir (Sevimay, 2009). Kuru mayadan (Saccharomyces cerevisiae) 2.5
gm/l konsantrasyonunda 100 ml'lik siispansiyon hazirlanarak her saksiya 15 ml ilave edilmistir (Arafat et
al., 2012). Vermikompostun hazir sivi soliisyonu ticari preparatta Onerilen dozda i¢me suyu ile
seyreltildikten sonra sulama suyu olarak bitkiye kok bogazindan 15 ml kadar verilmistir (Yavig vd., 2020).
Petri ortaminda gelistirilen T. asperellum izolatindan 1x10¢ spor/ml hemositometrede belirlenerek 15 ml'lik
stispansiyon hazirlanip bitkilere topraktan igirme yontemi ile uygulanmistir (Boyno, 2019).

In Vivo Ortaminda Yesil Aksam ve Govde Kesiti Skala Dereceleri

Patojen inokulasyonundan 4 hafta sonra bitkilerde ortaya ¢ikmaya baslayan hastalik simptomlar: fidelerin
toplam 10 haftalik gelisme periyodu sonunda degerlendirilerek hastalik siddeti belirlenmistir. Bu amacla
yesil aksamda solgunluk degerlendirmesi igin 0-5 skalas1 (Hwang vd., 1992) ve govde kesiti incelemesi i¢cin
ise 0-3 skalas1 kullanilmistir (Erwin vd., 1976).

0-5 Skalas1

0= Saglikl

1= Yapraklarda %25’ten az solgunluk

2= %25 - %50 solgunluk (%30 yaprak kaybi)

—
Uluslararas: Tarim ve Yaban Hayat: Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

248



Marul (Lactuca sativa) Bitkisinde Sorun Olan Verticillium dahliae’ ya Karg1 Baz1 Biyo Etmen ve Organik Maddelerin Etkisi

3= %50 - %75 solgunluk (%60 yaprak kaybi)

4= %75 - %100 solgunluk (%90 yaprak kayb1)

5= Bitki 6lmiis

0-3 Skalasi

0= Bitkiler saglam, govde enine kesitinde herhangi bir renk bozulmas: yok

1= Bitkiler biraz hasta, govde enine kesitinde az miktarda kahverengi lekeler var, bitki iletim demetlerinin
% 1-33'11 kahverengilesmistir

2= Bitkiler orta derecede hasta, govde enine kesitinde ¢ok miktarda siyah lekeler bulunmakta, bitki iletim
demetlerinin % 34-67" si kahverengilesmistir.

3= Bitkiler ¢ok hasta, govde enine kesiti tamamen siyah leke ile kapli ve kurumus bitkiler mevcut, iletim
demetlerinin % 68-100" ii kahverengilesmistir.

Gerek yesil aksam ve gerekse govde kesiti degerlendirmelerinde skala dereceleri goz oniinde tutularak
asagidaki esitlik (1) yardimiyla hastalik siddeti hesaplanmustir.

(0)x (@ + (Dx(b) + 2)x(9) + ()x(d)

Hastalik siddeti = m

100 (1)

n : Her skala degerine giren toplam bitki sayis1

Istatistiksel Analiz

Calisma tesadiif parselleri deneme desenine gore dizayn edilmistir. Elde edilen veriler Duncan ¢oklu
karsilagtirma testine tabi tutularak istatistiki analizleri yapilmistir. Bu amacla SPSS (SPSS statistic program,
Ver. 21.0, SPSS Inc., Chicago, IL, USA) bilgisayar programi kullanilmistir.

BULGULAR VE TARTISMA

Tarimsal iiretimde sorun olan toprak kokenli patojenlere yonelik olarak, kimyasal miicadeleye alternatif
cesitli uygulamalar bulunmaktadir (Erdogan vd., 2014; Kog vd., 2018). Marul bitkisinde toprak kaynakl
patojen olan V. dahliae’ ya kars1 bazi organik ve inorganik maddelerin kullanildig1 bu ¢alisma in vitro ve in
vivo olarak iki asamada yiiriitiilmiistiir. {lk asamada biyolojik miicadele eleman tiirlerin patojene etkisi
agar ortaminda denenmistir. Trichoderma spp.' nin V. dahlige izolatina karsi inhibisyon orani (%) ve
antagonizm derecesi Cizelge 1’de verilmistir. Buna gore; biitiin Trichoderma spp. izolatlarinin V. dahliae
patojeni tizerinde etkili oldugu saptanmustir. En diisiik inhibisyon oran1 T. harzianum' da (%53.25) ve en
yiiksek T. asperellum' da (%63.99) goriilmiistiir. Bu oranlara yakin olarak T. viride (%60.80) ve T. virens (%
58.89) siralamada yer almistir. Jabnoun-Khiareddine vd., (2009)'min yaptig1 calismada bu oranlar T.
harzianum’da %62.15 ve T. virens’de %58.84 ile sonuglarimizi desteklemistir. Ancak Jamdar vd., (2013) ikili
kiltiir yonteminde T. harzianumun diger Trichoderma tiirlerine gore V. dahliae’min radyal biiyiimesini daha
¢ok azalttigimi belirtmislerdir. Bunun sebebi kullanilan patojen izolatinin ¢ok viriilent olmas: ya da
Trichoderma izolatinin ¢ok etkili olmamasindandir.

Antagonizm derecesine bakildiginda Trichoderma tiirleri tamamen patojen iizerinde gelisim gostermisler
ve 1-5 skalasina gore 1 degerinde yer almislardir (Cizelge 1). Ozgénen vd., (2010) tarafindan yapilan
calismada ise T. harzianumun V. dahliae patojenini en az 2/3'sini engelledigi ve skala 2 degerini verdigi ifade
edilmistir. Calismamizda T. asperellum’un V. dahliae’nin inhibisyon oranini arttirdig1 saptanmustir (Cizelge
1). Bagka bir calismada da T. asperellum’un V. dahliae’nin gelisimini biiytiik 6l¢iide engelledigi belirtilmistir
(Carrero-Carron vd., 2016).
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Cizelge 1. Trichoderma spp.' nin Verticillium. dahliae’ya kars: inhibisyon oran1 (%) ve antagonizm derecesi.
Table 1. Inhibition rate (%) and degree of antagonism of Trichoderma spp. against V. dahliae.

Uygulamalar Antagonizm Derecesi inhibisyon orani (%)
T. harzianum x V. dahliae 1 53.25™

T. virens x V. dahliae 1 58.89

T. asperellum x V. dahliae 1 63.99

T. viride x V. dahliae 1 60.80

*: Antagonizm derecesini belirlemek icin 1-5 skalas1 kullanilmustir.
** 1nhibisyon oraninin yiizdesi (%) formiil kullanilarak belirlenmistir.

In vitroda Saccharomyces cerevisiae, salisilik asit ve vermikompostun V. dahliae gelisimine etkisi Cizelge 2'de
verilmistir. Salisilik asidin petri ortaminda V. dahlize nin gelisimini tamamen baskiladig1 ve diger uygulama
gruplariyla aralarinda istatistiksel fark oldugu belirlenmistir (p<0.05). Saccharomyces cerevisiae ve
vermikompost uygulamalarinin patojen gelisimini azalttig1 ve bu uygulamalar ile kontrol arasindaki farkin
istatistiksel olarak onemli oldugu goriilmiistiir (p<0.05) (Cizelge 2.). Bagka bir ¢alismada in vitro ortaminda
ikili kiiltiir yontemine gore vermikompostun V. dahlige' nin gelisimini %2.28-58.74 oranlar1 arasinda
engelledigi belirtilmistir (Soylu vd., 2020).

Cizelge 2. In vitroda Saccharomyces cerevisiae, salisilik asit ve vermikompostun Verticillium. dahliae misel gelisimi tizerine

etkisi.
Table 2. Effect of Saccharomyces cerevisiae, salicylic acid and vermicompost on Verticillium dahliae mycelial growth in vitro.
Uygulamalar X £ 5.5
S. cerevisiae-x V. dahliae 1.24" £0.33"
Salisilik Asit x V. dahliae 0.00 +0.00°
Vermikompost x V. dahliae 1.05+0.13°
Kontrol (V. dahliae) 2.66 +0.35¢

*: Aym siitundaki farkli harflerle gosterilen ortalamalar arasindaki fark 6nemlidir(P< 0.05).
**: In vitroda inhibisyon zonu mm olarak Slgiilmiistiir.
***: 7 verilerin ortalamalary, s.s : standart sapma

In vitroda V. dahliae patojenine karsi denenen Trichoderma tiirlerinin birbirine yakin engelleme oranlar:
verdikleri belirlenmis fakat aralarindan en iyi sonucu veren T. asperellum izolat1 in vivoda kullanilmak
tizere segilmistir. Yine in vitroda SA, vermikompost ve S. cerevisize'’ min patojeni baskilamada basarili
oldugu istatistiksel olarak da ispatlanmis ve in vivoda bitki gelisimine ve hastaliga kars1 test edilmistir.
Iklim odasinda gergeklestirilen uygulamalarin bitki gelisim parametrelerine etkisi Cizelge 3'te verilmistir.
Buna gore T. asperellum un gelisim parametrelerini arttirdig: ve istatistiki olarak diger uygulama gruplarina
gore yas ve kuru agirlikta onemli oldugu saptanmistir (p<0.05). Baska bir ¢alismada da Verticillium
solgunluguna T. asperellum’un %76 oraninda etkili oldugu ve bitki gelisimini arttirdig: belirtilmektedir
(Slusarski ve Pietr, 2009). Benzer sekilde, T. asperellum biyolojik kontrol elemanin V. dahlige
solgunlugunda bitki oliimiinii azaltarak kok gelisimini arttirdig1 ve stirgiin boyunu gelistirdigi ifade
edilmektedir (Vitullo vd., 2013). S. cerevisiae x V. dahliae uygulamasi kontrole oranla siirgiin boy ve kok
uzunlugu degerlerinde artis saglanmistir. Ancak bu artis istatistiksel olarak 6nemsiz olup (p>0.05) siirgiin
boyunun tiim uygulamalar1 pozitif kontrol ile ayn1 grupta yer almistir (Cizelge 3). Mayanin, V. dahliae gibi
bircok bitki patojeninin gelisimini inhibe ettigi ve bitki gelisim parametrelerini arttirarak koruma sagladig:
belirtilmektedir (Aghighi vd., 2004; Sarhan, 2011). SA x V. dahliae kombinasyonunda siirgiin boyu ve kok
uzunlugu parametrelerinde fark oldugu fakat kontrol grubuna gore aralarindaki istatistiksel farkin
Oonemsiz bulundugu tespit edilmistir (p>0.05). Bagka bir ¢alismada tohumla kaplanan SA’in V. dahliae
gelisimini %39.25 oraninda diisiirdiigii ve bitkinin vejetatif biiylime parametrelerini kontrol grubuna gore
arttirdigy ifade edilmistir (Mahesh vd., 2017). Gong vd. (2017) SA’in sinyal iletme yolunu kullanarak
vaskiiler solgunluga neden olan V. dahliae patojenin gelisimini engelledigini belirtilmigtir. Bu ¢alismada
vermikompost x V. dahliae interaksiyonlu uygulama (76.60 cm) ile kontrol grubu (69.00 cm) kiyaslandiginda
%11’'lik bir artis saglanmistir. Ancak bu artis uygulamalar arasindaki farki 6nemsiz kilmistir .(p>0.05).
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Yavi¢ vd. (2020) sonuglarimizla paralel olarak vermikompostun bitki gelisimi tizerindeki etkisinin az
oldugunu bildirmislerdir.

Yas ve kuru agirlik parametrelerinde en yiiksek deger T. asperellum ve vermikompost, en diisiik deger S.
cerevisiae x V. dahlige uygulamalarinda goriilmiistiir. Bu uygulamalar arasindaki fark istatistiksel olarak
onemli bulunmustur.(p<0.05) (Cizelge 3). Bitkilerin gelisim parametreleri {izerinde V. dahlige izolatinin
etkinliginin en ¢ok T. asperellum uygulamasinda azaldig1 belirlenmistir (Cizelge 3). Bagka bir ¢alismada V.
dahliae’ya karst kullanilan T. asperellum’ un bitki biiytimesini 6nemli 6l¢iide arttirirken hastalik siddetini
azalttig1 belirtilmistir (Carrero-Carrén vd., 2016).

Cizelge 3. Marulda Verticillium dahline’ya karsi SA, S. cerevisiae, T. asperellum ve vermikompost uygulamalarmin gelisim
parametrelerine etkisi.
Table 3. The effects of SA, S. cerevisiae, T. asperellum and vermicompost applications on growth parameters against Verticillium

dahliae in lettuce.

Uygulamalar Siirgiin Kok Yas Kuru

Boyu Uzunluk Agirlik Agirlik

(cm) (cm) (g (g)

X +s.5% X ts.s X ts.s X ts.s
Kontrol 69.00+7.38%" 20.40+6.30* 50.80+15.49% 7.07+0.77°4
SA 68.40+15.042 22.20+4.20% 38.32+7.082 6.71+0.42b<d
Vermikompost 66.92+38.422 22.00+7.382 47.74+4 41 7.87+1.884
S. cerevisiae 60.20+8.10° 23.60+6.342 46.83+7.22 7.1542.77¢4
T. asperellum 68.40+22.942 31.00+11.02° 57.79+14.41° 7.71+1.834
SA x V. dahliae 77.20+6.68° 23.00+6.202 39.90+4.122 5.01+1.142
Vermikompost x V. dahliae 76.60+8.672 19.20+3.892 41.88+5.582 6.1620.353b<d
S. cerevisiae x V. dahliae 71.80+11.812 24.00+7.772 37.98+5.582 4.50+0.842
T. asperellum x V. dahliae 84.80+13.252 20.40+7.402 40.20+9.812 5.47+1.14¢bc
V. dahliae 75.80+20.112 18.20+3.56° 44.27+3.022 5.47+1.082b¢

*: Aym siitundaki farkli harflerle gosterilen ortalamalar arasindaki fark 6nemlidir(P< 0.05).
**: x7 verilerin ortalamalary, s.s : standart sapma

Verticillium dahliae, bitkilerin iletim demetlerinde tikanikliklara neden olarak, yesil aksaminda solgunluga
sebep olmaktadir. Bu nedenle bitkilerde patojenin zarar1 hem solgunluga hem de govde kesitine bakilarak
farkli skalalar ile tespit edilmistir. Marulda V. dahlize’nin skala degerleri Cizelge 4'te verilmistir.

Cizelge 4. Marulda Verticillium dahliae' nin yesil aksam ve govde kesiti hastalik siddeti indeksleri.
Table 4. Disease severity indexes of green part and stem section of Verticillium dahliae in lettuce.

Uygulamalar Yesil Aksam H. S. 1. * Govde Kesiti H. S. 1. **
X 5.5 H X t 5.5

SA x V. dahliae 20.00+14.14>" 6.60+14.752

Vermikompost x V. dahliae 28.00+10.952 13.20+£18.072

S. cerevisiae x V. dahliae 32.00+10.952 19.80+18.07%

T. asperellum x V. dahliae 20.00+14.142 6.60+14.752

V. dahliae 52.00+10.952 39.60+14.75>

*: Hastalik siddeti indeksi yesil aksamda 0-5 solgunluk skalasi {izerinden yiizde olarak Tawsend-Hauberger formdilii kullanilarak
hesaplanmustir.

**: Hastalik siddeti indeksi govde kesitinde 0-3 skalasi iizerinden yiizde olarak Tawsend-Hauberger formiilii kullarularak
hesaplanmustir.

**: Ay stitundaki farkli harflerle gosterilen ortalamalar arasindaki fark énemlidir(P< 0.05).

**%: x7 verilerin ortalamalars, s.s : standart sapma

Buna gore gerek yesil aksam gerek govde kesitinde SA ve T. asperellum™un V. dahliae patojeninin etkinligini
azalttig1 gozlemlenmistir. Uygulamalar arasindaki fark istatistiksel olarak 6nemsizdir (P> 0.05). Bu konuda
yapilan bagka calismalarda da Trichoderma spp.’nin V. dahlige patojeninin hastalik siddeti tizerindeki etkisi
sonu¢larimizi desteklemistir (Jabnoun-Khiareddine wvd., 2009; Carrero-Carron vd., 2016). SA bitki
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biiylimesini tesvik ederek bir¢ok patojene karsi koruma saglamaktadir. Patojen-konukcu etkilesimi
sirasinda bitki savunma sistemini harekete gecirerek hastalik siddetini diisiirmektedir (Mahesh vd., 2017).

Her iki skala degerine gore hastalik belirtisi en ¢ok V. dahliaze, daha sonra da S. cerevisize x V. dahliae
uygulamalarinda saptanmustir. Dolayistyla S. cerevisiage’ nin diger uygulamalara gore patojen zararina etkisi
daha az bulunmustur (Cizelge 4). Ancak Shalaby ve El-Nady’ye gore (2008) maya uygulanan gruplarda
patojen gelisiminin %50 oraninda inhibe edilebildigi belirtilmistir. Bununla birlikte hastalig1 baskilamak
amaciyla yapilan uygulamalarin baska faktorlere de bagh oldugu, bir denemede alinan sonuglarin baska
bir denemede farklilik gosterebilecegi goz oniinde tutulmalidir. Sonugcta test edilen uygulamalarin hepsi
hastaligin etkisini azaltmais, 6zellikle govde kesiti incelemesindeki fark istatistiki olarak 6nem arz etmistir
(P<0.05) (Cizelge 4.).

SONUC

Glintimiizde stirdiiriilebilir tarimda alternatif yontemler ve iyi tarim uygulamalarinin énemi artmistir.
Bitki hastaliklarina karsi miicadelede, Trichoderma spp. kullanilmasimin 6nemi ve bu konuda yapilan
calismalar siirekli ivime kazanmaktadir. Topragin dogal dengesini bozmadan, siirekli iyilesme saglayan
organik maddelerden solucan giibresi ve salisilik asit son yillarda arastirmalara sik¢a konu olmaktadir.
Literatiirlerde ve pratik anlamda oldukca ilgi ¢ceken ve kullanim alani bulan maya, vermikompost ve SA
iilkemizde istenilen diizeyde kullanilmamaktadir. Bu baglamda, ¢alismada 6zellikle siirdiiriilebilir tarim
agisindan oldukga 6nemli olan bu maddeler kullanilarak marulda V. dahlige' min zararinin en aza indirilmesi
hedeflenmigtir. Elde edilen sonuglar neticesinde;

1.) 1 - 5 skalasina gore Trichoderma tiirlerinin V. dahlige'nin gelisimini %50'nin {izerinde engelledigi tespit
edilmigtir.

2.) T. asperellum™un kullanilan diger antagonistlere oranla V. dahlize’ya karsi daha etkili oldugu
belirlenmistir.

3.) Organik maddelerden ise; salisilik asitin V. dahlizenin gelisimine tamamen engel oldugu,
vermikompostun salisilik asitten sonra digerlerine oranla daha iyi sonug verdigi saptanmustir.

Marulda 6zellikle pazarlama donemine yaklasinca kendini gosteren ve ciddi sorunlara sebebiyet veren V.
dahlige patojenine karsi kullanilan T. asperellum, SA ve vermikompostun siirdiiriilebilir tarim agisindan
O6nemi caligmanin 6zglinliigiinii arttirmaktadir. Toprak kaynakhi ve dayamikli yapilar olusturabilen V.
dahlige, miicadelesi en zor patojenlerden biridir. Bu tip mikroorganizmalar 6zellikle de genis konukgu
gevresine sahip olanlarla tarimsal savasa girmek yogun kimyasal kullanimina sebep olmaktadir. Kiiresel
acidan cevre sorunlarina yol agan biitiin uygulamalarin yeni tarimsal sistemlerde minimum diizeyde yer
alacag1 muhakkaktir. Bu baglamda kolay elde edilebilen ve {iretilebilen, ¢evreye dost mikroorganizmalar
ile organik, dogay1 kirletmeyen maddelerin daha ¢ok tarimsal {iretime girmesi ve yerlesmesi tesvik
edilmelidir. Bu maddelerin birbirleriyle ve iiriin gesitleriyle uyumlar: ve siirdiiriilebilirlikleri daha ¢ok
aragtirilmalidir. Calismalarin laboratuvar ortamlarinda denenip, {imitvar olanlarin sera ve tarla
denemelerinin de yapilmasi ve sonuglarin iiretim asamasina tasinmasi yeni tarim uygulamalar: igin
gereklidir.

CIKAR CATISMASI
Yazarlar arasinda herhangi bir ¢ikar ¢atismas: bulunmamaktadir.

YAZAR KATKISI
Yazarlar makaleye esit oranda katk: saglamistir.
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METRIC Modeli ve Google Earth Engine Flux ile Hesaplanan Giinliik Bitki Su Tiiketimi ve Referans
Bitki Su Tiiketimi Fraksiyonu Degerlerinin Karsilastirilmas:

Comparison of Daily Evapotranspiration and Reference Evapotranspiration Fraction Values Calculated
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Oz: Evapotranspirasyonun (ET) hassas bir bi¢imde belirlenmesi su kaynaklar1 yonetiminde oldukga énemlidir. Son yillarda ET'nin uzaktan algilama
teknikleri yardimiyla belirlenmesinde gesitli modeller gelistirilmistir. Bu modeller arasinda Evapotranspirasyon Haritalamasinda Yiiksek Coziiniirlitk
ve Igsel Kalibrasyon Modeli (METRIC) en yaygin kullanilanlardan biridir. METRIC modelinde igsel kalibrasyon amactyla ET'nin potansiyel seviyede
ve ET'nin sifir oldugu iki ekstrem kosulu temsilen segimler yapilmasi gerekmektedir. Bu segimleri hem uzaktan algilama hem de ET tizerine deneyimli
kisilerin yapmas: gerekmektedir. Ancak bu durum METRIC modelinin kullanimini kisitlamaktadir. Olusan bu boslugun doldurulmasi igin Google
Earth Engine platformunda Earth Engine Evapotranspiration Flux (EEFlux) uygulamasi gelistirilmistir. Bu uygulamayla METRIC modeli otomatik
olarak kalibre edilmektedir. Bu ¢alismanin amaci elle METRIC modeli ile EEFlux modelinden elde edilen giinliik ET (ETd) ve Referans ET fraksiyonu
(ETrF) degerlerinin karsilastirilmasidir. Calisma Amasya ili Merzifon ilgesinde yer alan Uzunyazi, Cayir6zii ve Yesiloren koylerindeki arpa, aygicegi,
bugday, musir, seker pancari, patates ve sogan yetistiriciligi yapilan tarim alanlarinda gergeklestirilmistir. Arastirmada ti¢ farkli tarihe ait Landsat 8
uydu goriintiileri kullanilmigtir. Calismadan elde edilen sonuglara gére METRIC ve EEFLUX ile hesaplanan ETd degerleri uyumlu olmasina ragmen
(R*=0,87), genel olarak EEFlux-ET4 degerleri METRIC-ET4 degerlerinden daha diisiik gerceklesmistir (RMSE=2,5 mm giin"' ve MAE=2,38 mm giin™).
ETrF degerleri ise ETd degerlerine benzer uyumla hesaplanmigtir (R?=0,88, RMSE=0,11 ve MAE=0,09). Buna gore EEFLUX ve METRIC ile hesaplanan
ETd ve ETrF degerleri arasinda belirli farkliliklar olmasina ragmen, EEFLUX ile oldukga hizli, yerel iklim verileri ve deneyimli bir kullanic1 ihtiyact
olmadan ET4 degerleri belirlenebilmektedir.

Anahtar Kelimeler: Bitki su tiiketimi, uzaktan algilama, METRIC, EEFlux, ETrF.

&

Abstract: Accurate evapotranspiration (ET) calculation is crucial in water resources management. In recent years, various remote sensing techniques
based models have been developed to determine ET. Among these models, Mapping EvapoTranspiration at High Resolution with Internalized
Calibration (METRIC) is one of the most widely used. In the METRIC model, anchor pixels must be selected to represent extreme conditions where
ET is at potential level and ET is zero in the internal calibration process. These choices should be made by experienced users in both remote sensing
and ET. However, this limits the use of the METRIC model. In order to fill this gap, the Earth Engine Evapotranspiration Flux (EEFlux) application
was developed in the Google Earth Engine platform. With this application, the METRIC model is calibrated automatically. The aim of this study was
to compare the daily ET (ETd) and Reference ET fraction (ETrF) values obtained from the METRIC and EEFlux model. The study was carried out in
the agricultural fields of barley, sunflower, wheat, corn, sugar beet, potato and onion cultivation in Uzunyazi, Cayir6zii and Yesiloren villages in
Merzifon district of Amasya province. Landsat 8 satellite images of three different dates were used in this research. According to the results obtained
from this study, although the ETd values calculated with METRIC and EEFlux were compatible (R?=0.87), the

EEFlux-ETd values were generally lower than the METRIC- ETa values (RMSE=2.5 mm day" and MAE=2.38 mm day). Calculated ETrF values were
calculated with similar agreement to ETd values (R?=0.88, RMSE=0.11 and MAE=0.09). Accordingly, although there are certain differences between
ETd and ETrF values calculated with EEFlux and METRIC, ETd values can be determined very quickly with EEFlux, without the need for local climate
data and an experienced user.

Keywords: Evapotranspiration, Remote Sensing, METRIC, GEEFLUX, ETrF.
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METRIC Modeli ve Google Earth Engine Flux ile Hesaplanan Giinliik Bitki Su Tiiketimi ve Referans Bitki Su Tiiketimi Fraksiyonu
Degerlerinin Kargilastirilmas

GIRIS

Evapotranspirasyon (ET) hidrolojik dongiiniin en 6nemli bilesenlerinden birisidir. Kiiresel yagisin %5’ii ve
kurak/yar1 kurak bolgelerde gergeklesen etkili yagisin ise yaklasik %901 (Li vd., 2021) ET yoluyla atmosfere
iletilmektedir. Bu durum, oOzellikle su eksikligi cekilen bolgelerde, bitkisel {iretimi Snemli Olgiide
kisitlamaktadir. S6z konusu eksikligin giderilmesi ise ET'nin bitki gelisme dénemi boyunca hassas bir
bicimde izlenmesini gerektirmektedir. ET’nin diizenli olarak izlenmesi, tarimsal iiretimin artirilmasimin
yani sira, su kaynaklarinin etkin kullanimi, kuraklik izleme ve iklim degisikligi etkilerinin ortaya
konulmasi ac¢isindan da olduk¢a 6nemlidir (Nassar vd., 2021).

Toprak su biitgesi, yiizey enerji dengesi ve iklim verilerine dayal1 yaklasimlarla konuma 6zel ET degerleri
hesaplanabilmektedir (Park vd., 2021). Fakat noktasal olan bu ET degerlerinin elde edilmesi yogun is¢ilik
ve zaman gerektirmektedir. Ayrica vejetasyon ve toprak ozelliklerinin homojen dagilim gostermedigi
bitkisel iiretim alanlarinda, noktasal olarak belirlenen bu ET degerlerinin genis alanlar1 temsil etme
kabiliyeti oldukga diisiiktiir (Khan vd., 2021). Bu nedenle hem su kaynaklarinin etkin kullanimi hem de
tarimsal iiretimi artirmak i¢in ET’nin konumsal ve zamansal degisiminin hassas bir bi¢imde ortaya
konulmasi gerekmektedir. Uzaktan algilama (UA) teknikleri hem vejetasyon diizeyinin hem de ET'nin
konumsal ve zamansal degisiminin ortaya konulmasinda en giivenilir yontemlerden biri olarak one
¢ikmaktadir (Park vd., 2021). UA ile ET tahmini genel olarak dort ana kategoriden olugsmaktadir (Courault
vd., 2005; Nouri vd., 2015): (1) UA verileri ile ET degerleri arasinda ampirik esitliklerin olusturulmasi; (2)
ylizey enerji dengesi modelleri; (3) UA verilerinden hesaplanan vejetasyon indeksi degerleri ile bitki
katsayilarinin tahmin edilmesi; (4) toprak-bitki atmosfer tasimimina (SVAT) dayali deterministik
yontemler. Belirtilen bu yaklasimlardan yiizey enerji dengesi modelleri UA’ya dayali1 ET tahmininde en
yaygin kullanilan yontemdir (Burchard-Levine vd. 2021). Bu yaklasimda ET, ylizey enerji dengesi
bilesenlerinin artani olarak hesaplanmaktadir. Yiizey enerji dengesi bilesenleri (Net Radyasyon (Rn),
Hissedilebilir Is1 Akisi1 (H) ve Toprak Is1 Akisi (G)) ise UA goriintiilerinden cesitli fiziksel ve ampirik
esitlikler yardimiyla hesaplanmaktadir (Kalma vd., 2008). Y{izey enerji dengesi ile ET tahmininde en sik
kullanilan modellerin baginda Evapotranspirasyon Haritalamasinda Yiiksek Coziiniirliik ve Igsel
Kalibrasyon Modeli (METRIC)

(Allen vd., 2007b) ve Arazi icin Yiizey Enerji Dengesi Algoritmasi (SEBAL) (Bastiaanssen vd., 1998)
gelmektedir. METRIC, SEBAL modelinin temelleri iizerine gelistirilmis ve uygulamada en sik tercih edilen
ET tahmin modelidir (de Oliveira Costa vd., 2020). Literatiirde METRIC, lizimetre (Tasumi vd., 2005; Allen
vd., 2007a), scintillometre (Al-Gaadi vd., 2016) ve eddy kovaryans kulesi (Ortega-Salazar vd., 2021)
Ol¢timleri karsilastirilmis ve METRIC modelinin yiiksek seviyede basarili oldugu degerlendirilmistir.

METRIC modeli sahip oldugu igsel kalibrasyon mekanizmasi ile atmosferik etkiler, yiizey sicakligi, G ve
H kaynakl1 hatalar1 elimine edebilmektedir (Allen vd., 2007a). Bu yaklasimda goriintii hiicreleri arasindan
iki ug nokta (sicak ve soguk hiicre) secilerek H kalibre edilmektedir (Ortega-Salazar vd., 2021). S6z konusu
gorintii hiicrelerinin se¢imi subjektif ve olduk¢a zaman alicidir (Cetin ve ark., 2017). Bu nedenle METRIC
modelinin uzman bir kullanic1 tarafindan kalibre edilmesi ET tahminlerindeki basari ig¢in oldukga
onemlidir (Morton vd., 2013). Bu durum genellikle METRIC modelinin akademik c¢alismalar ile kisith
olmasina sebep olmustur (Carrasco-Benavides vd., 2021). Olusan bu boslugun doldurulmasi i¢in Google,
Nebraska Universitesi (ABD), C6] Arastirma Enstitiisii (ABD) ve Idaho Universitesi (ABD) is birligi ile
gelistirilen ve kullanic1 dostu arayiizii ile METRIC-Google Earth Engine ET Akisi1 (EEFlux) platformu
gelistirilmistir. Bu sistemde Landsat goriintiileri METRIC modeli kullanilarak otomatik olarak islenmekte
ve modelin giktilar tiim kullanicilarin hizmetine sunulmaktadir (Nisa vd., 2021). EEFLux ile yer verisi
(meteorolojik veriler, yiikseklik haritalari, bitki tiirii siniflandirma haritalar: vs.) ve kalibrasyon islemine
ihtiya¢ duymadan tiim diinyaya ait ET haritalarina ulasilabilmektedir. Bu kapsamda EEFlux ile tahmin
edilen ET degerleri musir (Filgueiras vd., 2019) ve soya fasulyesinde (Venancio vd., 2020) basarili bir
bicimde degerlendirilmistir.

EEFlux ile ET tahmini iizerine belirli sayida calismalar olmasina ragmen, EEFlux’daki otomatik
kalibrasyonunun basar1 diizeyi {izerine yapilmis ¢alismalar oldukga azdir. Bu nedenle, bu calismanin
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amaci elle kalibre edilen METRIC modeli ET degerleri ile otomatik kalibre edilen EEFlux ET degerlerinin
karsilastirilmasidir. Ayrica METRIC ve EEFlux ile gerceklestirilen hesaplamalar arasinda kalibrasyon
yonteminin 6tesinde bir takim farkl: algoritma ve model girdileri (iklim veri kaynag1) kullanilmaktadir. Bu
farkliliklarin METRIC ve EEFLux'in ara ¢iktis1 olan referans ET fraksiyonu (ETrF) tizerine olan etkileri
incelenmis ve buna ek olarak farkli kullanicilar tarafindan segilen sicak ve soguk hiicrelerin METRIC
modelinin ¢iktilar {izerine olan etkileri degerlendirilmistir.

MATERYAL VE METOT

Calisma Alam

Elle kalibre edilmis METRIC modeli ile otomatik kalibre edilmis EEFlux modelinin karsilagtirilmasi igin,
2015 tarimsal iiretim donemi sirasinda, Amasya ili Merzifon ilgesine bagh Cayirozii, Uzunyazi ve Yesiloren
koyleri sulu tarim alanlar1 ¢alisma alani olarak segilmistir (Sekil 1). Bu arazilerin se¢ilmesinin en 6nemli
nedeni, bolgede suyun olduk¢a 6nemli olmasi ve bolge ekonomisine oldukga fazla katkida bulunmasidir.
Arastirma alam igerisinde yer alan koyler Merzifon ovasinda yer almakta ve denizden yiikseklikleri
sirasiyla 535, 565 ve 525 m’dir. Tarla tarimi yapilan bu kdylerde yaygin olarak arpa, bugday, aycicegi, musr,
seker pancar1 ve sogan iiretimi gerceklestirilmektedir. Bolgedeki tarim alanlar1 genel olarak diiz ve diize
yakin arazilerden olusmaktadir.

*Anrasya/Merzifon

B calismadakullanilan parseller ' ,:.:"('7' 2 5
Sekil 1. Calisma alan1 genel goriiniimii ve arastirmada kullanilan tarimsal iiretim parselleri.
Figure 1. Research area and plots used in this study.

Calisma Alamindaki Bitkisel Uretim Deseni

Cizelge 1'de 2015 yilinda Cayirdzii, Uzunyaz: ve Yesiloren koylerindeki toplam bitkisel {iretim alanlar1 ve
ekilis oranlar1 verilmistir (CKS, 2016). Buna gore calisma alani igerisinde en fazla bugday tarim
gerceklestirilmistir (7.305,2 da). Bugday {iretimini arpa ve aycicegi tiretimi takip etmektedir.

Cizelge 1. Calisma alaninda 2015 y1li yetisme donemi sirasinda yetistirilen bitkilerin ekim alanlar: ve ekilis oranlari.
Table 1. The cropping area and cultivation rates of the crops during the 2015 growing season in the study area.

Bitki ad1 Toplam iiretim alan1 (da) Ekilis Oran1 (%)
Arpa 3.052,60 14,26

Aycigegi 2.926,60 13,67

Bugday 7.305.27 34,12

Misir (dane) 2.821,56 13,18

Misir (silaj) 92,83 0,43

Patates 1.313,02 6,13

Sogan (kuru) 1.949,72 9,11

Seker Pancar1 708,44 3,31

Diger 1.243,2 5,81

Toplam 21.413,24 100,0
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Calismada Kullamlan Uydu Goériintiileri

Bu arastirmada Landsat 8 uydusuna ait multispektral ve termal goriintiiler kullanilmigtir. Landsat 8
uydusu 2’si termal 1'i pankromatik ve 81 VNIR olmak iizere toplam 11 adet banta sahiptir. Yersel
¢oziintirliik termal bant i¢in 100 m, pankromatik bant 15 m ve VNIR bantlarda ise 30 m’dir (Cizelge 2).
Landsat 8 uydusunun zamansal ¢oziiniirliigii 16 giindiir (USGS, 2022). Calismada 2015 yilina ait 22
Haziran, 24 Temmuz ve 9 Agustos tarihli {i¢ adet Landsat 8 uydu goriintiisii kullanilmistir. 56z konusu
goriintii tarihlerinin tercih edilmesindeki en 6nemli neden yaz aylarinda sulama yapilan ve yapilmayan
parseller arasinda bitki su tiiketimi farkliliginin yiiksek olmasidir. Bu farklilik ile EEFlux modelinin hem
yiiksek hem de diistik bitki su tiiketimi kosullar1 altinda degerlendirmesi amaglanmustir.

Cizelge 2. Calismada kullanilan uydu goriintiilerine ait spektral ve konumsal ¢dziiniirliikler.
Table 2. Spectral and spatial resolution information of satellite images used in this study.

Bantlar Spektral Coziiniirliik (um) Konumsal Coziiniirliik (m)
Mavi 0,452-0,512 30
Yesil 0,533-0,590 30
Kirmizi 0,636-0,673 30
Yakin Kizilotesi 0,851-0,879 30
SWIR-1" 1,566-1,651 30
SWIR-2" 2,107-2,294 30
Termal-1 10,60-11,19 100
Termal-2 11,50-12,51 100

*SWIR-1=Kisa Dalga Boylu Kizilétesi-1, “SWIR-2=Kisa Dalga Boylu Kizil6tesi-2

METRIC ve EEFlux Yontemleri

Bu boliimde s6z konusu iki yontemin benzerlikleri ve farkliliklari verilmistir. EEFLUX uygulamas:
Nebraska Universitesi, Idaho Universitesi ve Col Arastirma Enstitiisii tarafindan aktif olarak gelistirilmeye
devam etmektedir. Bu ¢calismada kullanilan EEFLUX siirtimii 0.20.4'tiir (Erisim Tarihi: 29.12.2021).
EEFLUX ve METRIC'de ET hesaplamalar1 yiizey enerji dengesi esitliine dayali olarak
gerceklestirilmektedir. Bu yaklasimda suyun sivi halden gaz haline gegisi sirasinda kullanilan 1s1 enerjisi
(LE, W m?), enerji dengesi bilesenlerinin artani olarak tahmin edilmektedir (Esitlik 1).

LE=Rn—G—-H 1)

Esitlikte, Rn, net radyasyon akis1 (W m?), G, toprak 1s1 akist (W m?) ve H ise hissedilebilir 1s1 akisidir (W
m). Gergeklesen bitki su tiiketimi degeri (ETa), LE degerlerinin buharlasma gizli 1s1 degerine oranlanmasi
ile hesaplanmaktadir. (Esitlik 2).

LE
ETins = 3600 X - 2)
w

ETins anlik ET akisidir (mm h'); 3600, saniyelik zaman dilimi degerinin saatlie c¢evrilmesi igin
kullanilmaktadir; p , suyun yogunluk degeri (~1000 kg m?); A, buharlagma gizli 1s1 degeridir (J kg?). A
degeri ytizey sicaklig (Ts) degerlerine dayali olarak hesaplanmaktadir (Esitlik 3).

A= [2.501 - 0.00236 X (Ts - 273.15)] x 10° 3)

ETrF degeri, uydu goriintiisiiniin her bir hiicresi i¢in ayr1 olarak hesaplanan ETins degerinin ayni zaman
dilimine ait uzun boylu referans bitki su tiiketimine (ETr) oraru ile hesaplanmaktadir (Esitlik 4).

ET;
ETrF — —_ins (4)
ET,
——
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Esitlik 4 ile hesaplanan ETrF degeri, anlik olarak hesaplanan ETins degerinin giinliilk ET (ETd)ye
cevrilmesinde kullanilmaktadir. Bunun amagla her bir goriintii hiicresi i¢in ayr1 olarak hesaplanan ETrF
degeri giinliik toplam ETr degeri ile ¢carpilarak ETd degeri elde edilmektedir (Esitlik 5). ETr hesaplamalar1
ASCE Standardized Penman-Monteith yontemi dikkate alinarak gergeklestirilmistir (ASCE-EWRI, 2005)

ET, = ETrF x ET, ®)

EEFlux ile METRIC modeli arasindaki baslica farklilik modelin kalibrasyonu ve hesaplamalar sirasinda
kullanilan iklim verileri kaynaklaridir. METRIC modelinde, ylizey enerji dengesi esitliginin ¢6ziimii igin
kullanilan ETr'nin hesaplanmasinda yersel iklim verileri kullanilirken, EEFLUX’da UA ile tahmin edilen
saatlik ve giinlitk iklim verileri kullamilmaktadir. Amerika icindeki lokasyonlar i¢in saatlik Kuzey
Amerikan Arazi Veri Asimile Sistemi (NLDAS) iklim verileri kullanilirken, Amerika disindaki lokasyonlar
icin alt1 saatlik CFSv2 (Saha vd., 2014; Yuan vd., 2011) ve Iklim Tahmin Analiz Sistemine (CFSR) ait UA-
1zgara iklim verileri kullanilmaktadir. EEFLUX ile giinlitk ET tahmini i¢in UA ile tahmin edilen iklim
verilerinin kullanilmasi bu iki model arasindaki baglica farkliliklardan biridir.

METRIC ve EEFLUX modellerinde diisiik ve yiiksek ET kosullarindaki giinliik ET degerini tahmin etmek
i¢in kalibrasyon islemi gerceklestirilmektedir. Bu islem sicak ve soguk hiicre ad1 verilen u¢ noktalarin
belirlenmesini gerektirmektedir. S6z konusu ug¢ noktalar METRIC modelinde bir kullania tarafindan
belirlenirken, EEFLUX'da ise otomatik olarak belirlenmektedir. Bu u¢ noktalardaki LE degeri, ETr ile sicak
ve soguk noktalardaki ETr fraksiyonu degerinin (genellikle, sicak nokta i¢in 0 ile 0,1 aras1 ve soguk nokta
i¢in 1 ile 1,05 arast) ¢arpilmasiyla elde edilmektedir (Allen vd., 2007a).

METRIC ve EEFLUX yontemleri arasindaki diger bir onemli fark ise G'nin hesaplanmasi sirasinda
kullanilan esgitliklerdir. METRIC modelinde G, yaprak alan indeksine (LAI) dayali olarak tahmin
edilmektedir (Esitlik 6a, b):

= = 0.05 + 018052141 (LAI>0.5) (6a)

G _ 1.80%x(Ts—273.15) (LAI<05) (6b)
Ry Rn+0.084

EEFLUX ile G hesaplamasi ise Esitlik 7’de belirtilen formiil kullanilarak gerceklestirilmektedir (Foolad vd.,
2018).

G = (0.1 + 0.17¢7055*LAy x R, (7)

LAI, EEFLUX modelinde Normalize Edilmis Vejetatif Degisim Indeksi (NDVI) kullarularak tahmin
edilirken, METRIC modelinde Toprak Yansimalarini Dikkate Alan Vejetasyon Indeksi (SAVI) ile tahmin
edilmektedir. METRIC modelinin detaylar1 Allen vd., (2007a)’da, EEFLUX modelinin detaylar: ise Allen
vd., (2015)'de yer almaktadir.

Ornekleme Yontemi ve Karsilastirma Kriterleri

METRIC ve EEFLUX modellerinin karsilagtirilmasi igin, ¢alisma alani igerisindeki arpa, aygigegi, bugday,
musir, seker pancari, patates ve sogan tarimi yapilan parseller secilmistir. Belirtilen parseller 2015 yilinda
arazide gozlem yoluyla tespit edilmis ve konumlari GPS sistemi ile kaydedilmistir. Bu kapsamda segilen
tarim alanlarinda ti¢ farkh tarih igin toplam 162.000 adet goriintii hiicresi kullanilmistir. Ayrica parsel
kenarlarindaki hiicrelerde karismanin (mixed) olmamas igin parsel sinirlari ve negatif NDVI degerine
sahip goriintii hiicreleri veri setine dahil edilmemistir.

—
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Istatistiksel Analiz ve Degerlendirme

Bu calismada METRIC ve EEFLUX ile hesaplanan ET degerlerinin aralarindaki iliskinin ortaya
konulmasinda dogrusal regresyon analizi yapilmis ve belirleme katsayis1 (R?), hata karelerinin toplaminin
karekokii (RMSE) ve ortalama mutlak hata (MAE) hesaplanmistir. Hesaplamalar sirasiyla Esitlik 8,9 ve 10’a
gore gerceklestirilmistir.

p2 1 _ 2i=10i — E;)* ®)
?:1(01' - &)2
©)
RMSE = ZiL1(0: — E))®
N
yag - i=al0 — Eil (10)
N

Esitliklerdeki, O0; ve E; sirasiyla METRIC ve EEFLUX ile hesaplanan degerlerdir. N ise 6rnek sayisini ifade
etmektedir.

BULGULAR VE TARTISMA

ETrF Degerlerinin Karsilastirilmast

METRIC ve EEFlux yontemleri ile ETrF hesaplanmis ve bu iki yontem ile hesaplanan degerlerin istatistiksel
karsilastirma sonuglari Sekil 2’de, hesaplanan ETrF haritalar1 ise Sekil 3'te ise verilmistir. Sekil 2
incelendiginde genel olarak manuel kalibre edilmis METRIC modeli ile hesaplanan ETrF degerlerinin
otomatik kalibre edilen EEFlux degerleri ile uyumlu oldugu goériilmektedir (R>=0,88). METRIC ve EEFlux
yontemleri ile hesaplanan en yiiksek ve en diisiik ETrF degerleri sirasiyla 1,05-0,02 ve 1,20-0,00dir.
Ortalama METRIC ETrF degeri 0,54 olarak hesaplanirken bu deger EEFlux yontemi ile 0,47 olarak
hesaplanmigstir. METRIC ve EEFlux ile hesaplanan ETrF degerleri genel olarak 1:1 ¢izgisi etrafinda yer
almis olsa da bu iki yontem ile hesaplanan ETrF degerleri arasinda bazi farkhiliklar bulunmustur
(RMSE=0,11 ve MAE=0,09). Olusan bu farkliligin en 6nemli sebeplerinden birisi H'nin hesaplanmasi
sirasinda meydana gelmektedir. METRIC yontemi ile yapilan hesaplamada H, kullanic tarafindan sicak
ve soguk hiicre secilerek kalibre edilmekte, EEFlux yonteminde ise H, sistem igerisinde bulunan bir
algoritma kullanilarak otonom olarak kalibre edilmektedir. Fakat iki yontem arasinda meydana gelen bu
farkliliklar genel olarak %10’un altinda gerceklesmistir. Allen vd. (2011), UA teknikleri ile ET tahmininde
%10 diizeyinde hatalarin meydana gelebilecegini belirtmislerdir. Sekil 3 incelendiginde hem METRIC hem
de EEFLUX ile hesaplanan ETrF haritalarinda Haziran aymdan Agustos ayma dogru gidildik¢e ETrF
degerleri azalma goOstermistir. Sulama yapilan parsellerde ETrF degeri yiiksek iken sulama
gerceklestirilmeyen parsellerde ETrF degeri diisiik olarak gerceklesmistir.

124

METRIC-ETrF
o
=}
L

y =0.7751x + 0,1805
Rz—- 0.88
RMSE=0,11
MAE=0,09
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|
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Sekil 2. METRIC ve EEFLUX yontemleri ile elde edilen ETrF degerlerinin dogrusal regresyon analiz sonucu.
Figure 2. Comparison of ETrF values obtained by METRIC and EEFLUX methods.

—
Uluslararas: Tarim ve Yaban Hayat1 Bilimleri https://dergipark.org.tr/tr/pub/ijaws

261



https://dergipark.org.tr/tr/pub/ijaws

Emre TUNCA, Eyiip Selim KOKSAL, Sakine GETIN TANER

METRIC-09/08/2015

Figure 3. ETrF maps obtained by METRIC and EEFLUX methods.

METRIC ve EEFlux ile Belirlenen ET Degerlerinin Karsilastirilmasi

Cayirozii, Uzunyazi ve Yesiloren kdylerinden segilen tarim arazileri METRIC yOntemi ve otomatik kalibre
EEFlux sistemi ile ETd haritalar1 hesaplanmis ve bu haritalardan elde edilen degerlerin karsilastirma
sonuglar1 Sekil 4’te ve s6z konusu haritalar Sekil 5'te verilmistir. Sekil 4 incelendiginde METRIC ve EEFlux
ile hesaplanan ETd degerleri arasinda benzer bir egilim olmasima ragmen (R?=0.87) hesaplanan bu degerler
arasinda birtakim farkliliklar (RMSE=2,5 mm giin!, MAE=2,38 mm giin') bulunmaktadir. Genel olarak
EEFlux-ETd degerleri METRIC-ETd degerlerinden diistiktiir. METRIC ile hesaplanan ETd degerleri 9,68
mm giin'ile 0,23 mm giin' arasinda degisim gosterirken, EEFlux tarafindan hesaplanan ETd degerleri ise
6,71 mm giin' ile 0,002 mm giin! arasinda degisim gostermistir. METRIC ve EEFlux ile hesaplanan
ortalama ETd degerleri sirasiyla 5,02 mm giin? ve 2,63 mm giin?’diir. METRIC ve EEFlux yontemleri ile
hesaplanan ETd degerleri arasindaki uyumsuzlugun en énemli nedenleri arasinda kullanilan iklim veri
kaynaklarinin farkli olmasi gosterilebilir. METRIC yonteminde ¢alisma alanina oldukga yakin bir yerel
iklim verileri kullanilirken, EEFlux yonteminde ise UA teknikleri ile tahmin edilen iklim verileri
kullanilmustir. S6z konusu iklim verilerinden ETr hesaplamasinda yararlanilmis ve ETins haritalarinimn
ETd’ye cevrilmesi isleminde kullanulmistir. Iklim veri kaynaklarinin farkli olmasi, ayni bélge ve aymn
zaman dilimi i¢in farkl1 ETr degerlerinin hesaplanmasina ve bu degerlerden yararlanilarak elde edilen ETd
degerleri arasinda uyumsuzluk olmasina neden olmustur. Fooland ve ark. (2018) tarafindan Amerika
Birlesik Devletlerinde (Nebraska, Wyoming ve California) gergeklestirilen bir ¢alismada METRIC ve
EEFlux ile hesaplanan ETd degerleri istatistiksel olarak karsilastirilmistir. Calisma sonucunda R? degeri
0,91 ve RMSE degeri ise 2,14 mm giin olarak hesaplanmustir. Yapilan bir diger calismada ise soya fasulyesi
yetistirilen bir tarim alaninda EEFlux ve FAO-PM yontemi ile hesaplanan giinlitk ET degerleri
karsilastirilmis ve EEFlux ile tahmin edilen ET degerlerinin daha diisiik oldugu belirtilmistir (Venancio ve
ark., 2020).
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Sekil 4. METRIC ve EEFLUX yontemleri ile elde edilen giinliik ET degerlerinin karsilastirilmasi.
Figure 4. Comparison of daily ET values obtained by METRIC and EEFLUX methods.
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Sekil 5. METRIC ve EEFLUX yontemleri ile elde edilen giinliik ET haritalari.
Figure 5. Daily ET maps obtained by METRIC and EEFLUX methods.

Farkli Kullanicilar Tarafindan Kalibre Edilen METRIC ET Bulgular

METRIC ve EEFLUX yontemleri ile hesaplanan ETrF ve ETd degerleri arasindaki farkliligin bir diger
nedeni de METRIC modelinde H'nin kalibrasyonu sirasinda kullanici tarafindan segilen sicak ve soguk
hiicre se¢imidir. Bu nedenle METRIC kullanicilarinin ETd degerlerine olan etkilerini ortaya koymak igin
24 Temmuz 2015 tarihli Landsat 8 uydu goriintiisii iki farkli deneyime sahip kullanic1 tarafindan METRIC
algoritmas: kullanilarak islenmis ve modelin ¢iktilar1 karsilagtirilmistir. Elde edilen sonuglar Sekil 6'da
verilmistir. Buna gore iki farkli kullanici tarafindan hesaplanan ETd degerleri birbiriyle biiyiik bir uyum
igerisindedir (R*>=0,96, RMSE=0,73 ve MAE=0,7). 1. ve 2. kullanuc1 tarafindan hesaplanan en yiiksek ETd
degeri 6,92 mm giin? iken en diisiik ETd degerleri ise sirasiyla 3,00 mm giin? ve 3,54 mm giin-"diir. 1.
kullanic1 ortalama ETd degerini 4,95 mm giin' olarak hesaplarken, 2. kullanic ise 5.65 mm giin' olarak
hesaplamuistir. 2. kullanici tarafindan hesaplanan ETd degerleri 1. kullaniciya ait ETd degerlerinden daha
yiiksek gergeklesmistir. Olusan bu farkliligin en dnemli sebebi ise kullanicilar arasinda sicak ve soguk
hiicre segiminde kullanilan yéntemlerdir. Ilk kullanici sicak ve soguk hiicre segiminde Ts ve NDVI

R
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degerlerini kullanirken, ikinci kullanici ise Ts ve NDVI degerlerine ek olarak Albedo ve LAI degerlerini
kullanmistir. Genel olarak farkl: iki kullanici tarafindan hesaplanan ETd degerleri arasinda 6nemli bir fark
meydana gelmistir. Olusan bu fark METRIC modelinin subjektif oldugunu gostermektedir. Wolff vd.
(2022) calismalarinda METRIC modelinin sicak ve soguk hiicre secimine gereksinim duymasimin s6z
konusu modeli stokastik yaptigini ve bu durumun segilen hiicrelerin optimize edilmesiyle ETd tahmin
performansinin iyilestirilmesini sagladigini belirtmislerdir.
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Sekil 6. Farkl kullanicilar tarafindan hesaplanan METRIC-ETa degerlerinin karsilastirilmasi.
Figure 6. Comparison of METRIC-ETuavalues calculated by different users.

SONUC

Calismada METRIC ve EEFlux modelleri ile hesaplanan ETd ve ETrF degerleri karsilastirilmistir. Ayrica
farkli kullanicilar tarafindan secilen sicak ve soguk hiicrelerin METRIC modelinin ¢iktilar1 {izerine olan
etkileri degerlendirilmistir. Calismadan elde edilen sonuglara gore, genel olarak, EEFlux modeli ile
hesaplanan ETd degerleri METRIC modeli ile hesaplanan ETd degerlerinden daha diisiik gerceklesmistir.
Hesaplanan degerler arasinda belirli seviyede farkliliklar olmasina ragmen, genel olarak ETd degisimi iki
model arasinda benzerlik gostermektedir. ETrF degerleri ise ETd degerlerine oranla daha uyumlu
hesaplanmistir. Farkli kullanicilarin model iizerine olan etkileri ise oldukga diisiiktiir. Elde edilen bu
sonuglara gore EEFlux ile oldukga hizli bir bicimde herhangi bir iklim verisi ve deneyimli bir kullanici
ihtiyac1 olmadan ETd haritalar1 olusturulabilir. Elde edilen bu haritalar su kaynaklarinin izlenmesi ve
degerlendirilmesi amaciyla tarimda su yoneticileri, sulama birlikleri, bireysel ciftciler tarafindan etkin bir
bicimde kullanilabilir. Ayrica METRIC modeli yerde 6lciilen iklim verilerine ihtiya¢ duymaktadir. S6z
konusu olan ihtiya¢ modelin meteoroloji istasyonu olmayan bolgelerde kullanimini kisitlamaktadir.
Bununla birlikte METRIC modeli sicak ve soguk hiicre secimini gerektirmektedir. S6z konusu islem
subjektiftir ve ETd hesaplamalarinda bazi hatalara neden olabilir. Ayrica kurak bolgelerde soguk hiicrenin
belirlenmesi ise olduk¢a zor ve zaman alicidir. Tiim bunlar géz oniinde bulunduruldugunda, EEFlux
modeli su kaynaklarinin izleme ve degerlendirilmesinde biiyiik bir potansiyele sahiptir. Gelecekte farkli
iklim kosullar1 altinda hesaplanan EEFlux-ETd degerlerinin yer olgtimleriyle degerlendirilmesine ve
sulama suyu yonetiminde kullanilabilirliginin ortaya konulmasina ihtiya¢ bulunmaktadir.
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Marmara Bolgesinde Referans Bitki Su Tiiketiminin Alansal ve Zamansal Degisimi*
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Oz: Bu calismada, Marmara Bolgesinde bulunan 18 meteoroloji istasyonu igin 1990-2020 yillar1 arasi aylik iklim verileri kullanilmis ve FAO Penman-
Monteith yontemi ile yillik toplam ETo degerleri tahmin edilerek alansal ve zamansal degisimleri degerlendirilmistir. Bu amagla, her bir istasyon igin
parametrik olmayan Mann-Kendall testi ve Sen yontemi kullanilarak yillik toplam ETo egilimleri belirlenmis ve cografi bilgi sistemleri (CBS) Ters
Mesafe Agirlikli (IDW) enterpolasyon ydntemi kullanilarak ta ETo haritalar: hazirlanmigtir. Calisma sonuglarina gore, yillik toplam ETo degerleri
742.3-1440.7 mm arasinda degisim gostermistir. Edirne, Kocaeli, Sakarya, Bozcaada, Canakkale, Kirklareli, Uzunkoprii, Tekirdag, ipsala ve Dursunbey
istasyonlar1 igin ETo degerlerinde istatistiksel olarak 6nemli artis egilimleri belirlenirken, Kumkoy-Kilyos ve Keles istasyonlari i¢in egilimler 6nemli
diizeyde azalan yonde olmustur. Bununla birlikte, Bandirma, Bursa, Sile, Florya ve Gonen istasyonlari igin gergeklesen ETo artis egilimleri ile Bilecik
igin belirlenen azalig egilimi istatistiksel olarak 6nemli olmamustir. Yillik ortalama ETo haritasi degerlendirildiginde, Marmara Bolgesi'nin bati
kesimlerinde (Edirne’nin giineyi, Balikesir’'in batis1 ve Canakkale) ETo yiiksek degerlere ulasmistir. Bolgenin kuzey kesimlerinde; Kirklareli ve
Tekirdag'in dogusunda ve bolgenin dogu kesimlerinde; istanbul'un dogusu, Kocaeli ve Sakarya’da ETo degerleri diismiistiir. Ayrica Kirklareli,
Tekirdag'in dogusu, Kocaeli ve Sakarya’da uzun yillar ortalama ETo degerleri diisiik bulunurken, bu illerde ki meteoroloji istasyonlar: verilerinden
hesaplanan yillik toplam ETo degerlerinde istatistiksel olarak 6nemli diizeyde artis egilimleri belirlenmistir.

Anahtar Kelimeler: Referans bitki su titketimi, FAO Penman-Monteith yontemi, egilim analizi, ters mesafe agirlikli enterpolasyon, Marmara Bolgesi

&

Abstract: In this study, the annual total ETo values were estimated using the FAO Penman-Monteith method for 18 meteorological stations in the
Marmara Region between the years 1990-2020 and their spatial and temporal changes were evaluated. For this purpose, annual total ETo trends were
determined for each station using the non-parametric Mann-Kendall test and Sen method, and ETo maps were prepared using the Geographical
Information System (GIS) Inverse Distance Weighted (IDW) interpolation method. According to the results of the study, the annual total ETo values
varied between 742.3-1440.7 mm. While statistically significant increasing trends were determined in ETo values for Edirne, Kocaeli, Sakarya,
Bozcaada, Canakkale, Kirklareli, Uzunkoprii, Tekirdag, ipsala and Dursunbey stations, the trends were significantly decreasing for Kumkoy-Kilyos
and Keles stations. However, the increasing trends in ETo for Bandirma, Bursa, Sile, Florya and Gonen stations and the decreasing trend determined
for Bilecik were not statistically significant. According to the annual average ETo map, ETo has reached high values in the western parts of the Marmara
Region (south of Edirne, west of Balikesir and Canakkale), while ETo values have decreased in the east of Kirklareli and Tekirdag (in the northern
parts of the region) and east of Istanbul, Kocaeli and Sakarya (in the eastern parts of the region). In addition, while the average ETo values for long-
term years were low in Kirklareli, the east of Tekirdag, Kocaeli and Sakarya, statistically significant increasing trends were determined in the annual
total ETo values calculated from the data of meteorology stations in these provinces.

Keywords: Reference crop evapotranspiration, FAO Penman-Monteith method, trend analysis, inverse distance weighted interpolation, Marmara

Region.
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Marmara Bolgesinde Referans Bitki Su Tiiketiminin Alansal ve Zamansal Degisimi

GIRIS

Kiiresel olarak tarim, tathi su tiiketiminin yaklasik %70’inden sorumludur (Panchasara vd., 2021). Bu
nedenle su, siirdiiriilebilir gida iiretimi i¢in miktar ve kalite bakimindan mevcudiyeti gerekli olan bir
kaynaktir. Kiiresel 1sinma baglaminda, rasyonel ve etkin su yonetimi ihtiyaci, 6zellikle tarim diinyasinda
herkes icin énemli bir gerekliliktir (Adoko, 2020).

Tklim degisikliginden etkilenen kiiresel sicaklik &nemli l¢iide artmakta ve diger meteorolojik parametreler
de kiiresel veya bolgesel degisiklik egilimi gostermektedir. Bu durum dogal ekosistemlerin ve tarimsal
tiretimin gelisimine genis kapsamli etkiler getirmistir. Referans bitki su tiiketimi (ETo), atmosferin
buharlasma kapasitesini ifade eden ve sulama sistemlerinin tasarimi ve su tasarrufunun arastirilmasina
iliskin ¢alismalarda temel verileri olusturan meteorolojik bir parametredir. Iklim degisikligi altindaki
bolgelerin referans bitki su tiiketimi alansal dagilim o6zelliklerini incelemek, bitki su ihtiyacini tahmin
etmek, su dongiisiinii arastirmak, su kaynaklarim1 degerlendirmek, sulama planlamas1 ve yonetimi i¢in
Oonemli bir yol gosterici oneme sahiptir (Zhang vd., 2018).

ETo degerlerinin tahmin edilmesinde Birlesmis Milletler Gida ve Tarim Orgiitii (FAO) tarafindan
gelistirilen ve onerilen FAO Penman-Monteith esitligi (Allen vd., 1998) giiniimiizde yaygin olarak
kullanilmaktadir. ETo degerlerinin bolgesel tahminleri igin ise bolgeye/iklime oOzgili parametrik
basitlestirilmis modeller kullanilmakta (Tegos vd., 2015) veya diger 6l¢iilmemis konumlardaki tahminler,
bu nokta ETo degerlerinin enterpolasyonu ile elde edilmektedir. Mekansal ETo haritalari, nokta ETo
degerlerinin uzamsal enterpolasyon kullamlarak alansal/bolgesel ETo tahminlerine genisletilmesiyle
uiretilebilmektedir (Hodam vd., 2017).

Diger taraftan, ETo egilimlerini anlamak herhangi bir bolgede suyun sistematik yonetimi igin kritik Sneme
sahiptir (Jerin vd., 2021). ETo degisimleri, iklim faktdrleri, hava kirliligi, bitki tiirleri ve kentlesme gibi ¢ok
sayida faktoriin entegre sonuglaridir (Xu vd. 2017). Degisen iklim kosullarinda buharlasma ve
evapotranspirasyonun (ET) mekansal-zamansal egilimlerinin analizi, 6zellikle tarimsal su kaynaklarinin
kullanimini iyilestirmek icin onemlidir ve ekolojik ve gevresel su gereksinimlerinin mekansal-zamansal
degisimini anlamak i¢in yardimci olur (Zuo vd., 2012).

Diinya’da ve iilkemizde ETo degerlerinin mekansal ve zamansal degisimi {izerine ¢alismalar yapilmistir
(Altalib vd., 2021; Altindag, 2007; Anli, 2014; Bayramoglu, 2013; Cetin, 2018; Giiler, 2014; Jerin vd., 2021;
Karaca vd., 2017; Mubialiwo vd., 2020; Ndiaye vd., 2020; Talaee vd., 2014; Xu vd., 2017; Yiirekli vd., 2010;
Zhang vd., 2018). Fakat iilkemizde bolgesel bazda Marmara Bolgesi'nde ETo'nin mekansal ve alansal
degisimini ele alan bir ¢alismaya rastlanmamistir. Bu ¢alismanin amaci, tarimsal potansiyeli yiiksek
Marmara Bolgesi'nde 18 adet meteoroloji istasyonu icin 1990-2020 yillar1 arast iklim verileri kullanilarak
tahmin edilen yillik toplam ETo egilimlerini belirlemek ve farkli amaglar i¢in yaygin olarak kullanilan Ters
Mesafe Agirlikli (IDW) enterpolasyon yontemi ile ETo haritalar1 olusturarak ETo’nin mekansal ve
zamansal degisimlerini degerlendirmektir.

MATERYAL VE METOT

Calisma Bolgesi ve Iklim Ozelikleri

Marmara Bolgesi, adindan da anlasilacag: tizere konum olarak Marmara denizinin ¢evresinde yer alir.
Bolgede Trakya ile Anadolu topraklari, Marmara denizi, Canakkale ve Istanbul bogazlari ile birbirinden
ayrilmaktadir. Marmara Bolgesi, Tiirkiye'nin %8ine yakinimi kaplamaktadir. Bolge, Giineydogu
Anadolu’dan sonra, Tiirkiye'nin 2. kiiciik bolgesidir. Yer sekilleri bakimimndan Marmara Bolgesi'nin baslica
ozelligi sade bir yapiya sahip olmasidir. Bolgede daglik alanlar fazla yer kaplamamakta ve bulunan daglar
da devamli siralar halinde degildir (Anonim, 2021a). Marmara Bolgesi, Balikesir, Bilecik, Bursa, Canakkale,
Edirne, istanbul, Kirklareli, Kocaeli, Sakarya, Tekirdag ve Yalova illerinden olusmakta ve Tiirkiye'nin
kuzey batisinda yer almaktadir (Sekil 1).

Diinya ol¢iistinde yapilan iklim siniflandirmalarinda kullanilan 6l¢iitler esas alinarak tilkemizde, Karasal,
Akdeniz, Marmara (gegis) ve Karadeniz iklim tiplerine rastlanmaktadir (Atalay, 1997). Marmara
Bolgesi'nin giiney boliimiinde kuzey Ege’yi de icine alacak sekilde Marmara (gegcis) iklimi goriiliir. Kislar

S
Uluslararas: Tarim ve Yaban Hayat1 Bilimleri https://dergipark.org.tr/tr/pub/ijaws

269



https://dergipark.org.tr/tr/pub/ijaws

Charifa ARABI, Burak Nazmi CANDOGAN

Akdeniz ikliminde oldugu kadar 1lik degildir, yazlar1 Karadeniz ikliminde oldugu kadar yagis goriilmez.
Kiglar1 Karasal iklim kadar soguk, yazlari da kurak gegmemektedir. Bu 6zellikleri nedeniyle Marmara
iklimi, karasal Karadeniz ve Akdeniz iklimleri arasinda bir gecis 6zelligine sahiptir. Bu sebeple, algak
kesimlerde dogal bitki oOrtiisiinii Akdeniz kokenli bitkiler olusturmakta, Karadeniz bitki toplulugu
tipindeki nemli ormanlar ise yiiksek kesimlerde kuzeye bakan yamaglarda yer almaktadir. Ocak ayzi,
Temmuz ay1 ve yillik ortalama sicaklik degerleri sirasiyla 4.9 °C, 23.7 °C ve 14.0 °C olarak Ol¢iilmiistiir.
Yagislarin biiyiik miktar1 kis mevsiminde diismiis olup, ortalama yillik toplam yagis 595.2 mm’dir. Yaz
yagislarinin yillik toplam icindeki pay1 %11.7 olarak hesaplanmistir. Yillik ortalama nispi nem ise %73’tiir
(Anonim, 2021b).
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Sekil 1. Marmara Bolgesi'nin konumu.
Figure 1. Location of the Marmara Region.

Calismada Kullamlan Meteorolojik Veriler

Bu ¢alisma icin gerekli meteorolojik veriler, Marmara Bolgesinde faaliyet gosteren Meteoroloji Genel
Midirligi'ne (MGM) bagh 18 adet meteoroloji istasyonundan saglanmistir. Calismada ele alman
istasyonlarin bazi 6zelikleri ve konumlari sirasiyla Cizelge 1 ve Sekil 2’de gosterilmistir. Calismada, 1990-
2020 yillar1 aras1 en yiiksek sicaklik, en diisiik sicaklik, nispi nem, riizgar hiz1 ve giinliik toplam giineslenme
siiresi aylik ortalama degerleri kullanilmistir.

Karadeniz

Lejant
A Meteoroicj istasyonian

Sekil 2. Calismada ele alinan meteoroloji istasyonlar: konumlari.
Figure 2. Locations of meteorology stations whose data were used in the study.
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Cizelge 1. Calismada ele alinan meteoroloji istasyonlar: bazi &zellikleri.
Table 1. Some characteristics of meteorology stations whose data were used in the study.

Sirano  Istasyon no Istasyon ad1 Enlem (Kuzey) Boylam (Dogu) Rakim (m)
(Ondalikl1 derece) (Ondalikl1 derece)

1 17050 Edirne 41.68 26.55 51

2 17052 Kirklareli 41.74 27.22 232

3 17056 Tekirdag 40.96 27.50 4

4 17059 Kumkoy-Kilyos 41.25 29.04 38

5 17066 Kocaeli 40.77 29.92 74

6 17069 Sakarya 40.77 30.39 30

7 17111 Bozcaada 39.83 26.07 30

8 17112 Canakkale 40.14 26.40 6

9 17114 Bandirma 40.33 28.00 63

10 17116 Bursa 40.23 29.01 100

11 17120 Bilecik 40.14 29.98 539

12 17608 Uzunkoprii 41.27 26.71 45

13 17610 Sile 41.17 29.60 83

14 17632 Ipsala 40.89 26.39 81

15 17636 Florya 40.98 28.79 37

16 17674 GoOnen 40.11 27.64 37

17 17695 Keles 39.92 29.23 1063

18 17700 Dursunbey 39.58 28.63 637

Calismada Kullanilan Bilgisayar Programlari

Meteoroloji istasyonlari aylik verilerinden Birlesmis Milletler Gida ve Tarim Orgiitii (FAO) tarafindan
gelistirilmis olan ETo Calculator (Anonim, 2009) kullanilarak ay bazinda giinliik referans bitki su tiiketimi
degerleri hesaplanmistir. Her bir ay icin hesaplanan giinliik ETo degerlerinden 6nce aylik sonra yillik
degerler belirlenmistir. Calismada, yillik toplam ETo degerlerine uygulanan egilim analizlerinde
MAKESENS 1.0 Excel programi (Anonim, 2002) kullanilmistir. Yillik ETo degerleri ArcGIS programi
yardimuyla iliskilendirilerek Marmara Bolgesi i¢in ETo haritalar tiretilmistir.

Referans Bitki Su Tiiketiminin Hesaplanmast

Calismada, Marmara Bolgesi'nde yer alan 18 adet meteoroloji istasyonu 1990-2020 yillari arasi aylik
verilerinden FAO Penman-Monteith yontemi kullanilarak her bir ay i¢in gilinlilk ETo degerleri
hesaplanmistir. Penman-Monteith yontemine ait denklem Esitlik 1’de verilmistir (Allen vd., 1998).

900
0.408A(R, — G) + V575 Ua(es — €)

ET, = (1)
0 A+y(1 + 0.34u,)

Esitlikte; ETo, referans evapotranspirasyon (mm giin), Rn, bitki yiizeyindeki net radyasyon (MJ m?2 giin™),
G, toprak 1s1 akis yogunlugu (M] m?2 giin'), T, 2 m yiikseklikte ortalama giinliik hava sicakligi (°C), uz, 2
metre yiikseklikte riizgar hiz1 (m s?), es, doygun buhar basinc (kPa), es, gercek buhar basinci (kPa), es- e,
doygun buhar basinc1 agig1 (kPa), A, buhar basinci egrisinin egimi (kPa °C") ve vy, psikrometrik sabiti (kPa
°C1) gostermektedir. Esitlik 1'de, 0.408 degeri, M] m?2 giin! olarak ifade edilen net radyasyon Rn'yi mm
gin' olarak ifade edilen esdeger buharlasmaya doniistiiriir. Toprak 1s1 akisi Rn'ye kiyasla kiigiik
oldugundan, 6zellikle yiizey bitki ortiisiiyle kaplandiginda ve hesaplama zaman adimlar1 24 saat veya
daha uzun oldugunda, G'nin tahmini ETo Calculator'da goz ardi edilir ve sifir olarak kabul edilir. Bu,
giinlitk ve 10 gilinliik zaman periyotlar1 icin Allen vd. (1998)'de rapor edilen varsayimlara karsilik
gelmektedir. Allen vd. (1998), ¢im referans yiizeyinin altindaki toprak 1s1 akisinin bu siire i¢in nispeten
kiiciik oldugunu belirtmektedir.

Calismada, giinlitk toplam giineslenme siiresi aylik ortalama degerleri (n, saat), Dursunbey, Keles,
Uzunkoprii, Gonen, ipsala, Sile, Edirne, Bandirma ve Florya istasyonlarindan 1990-2010 yillar1 aras1 igin,
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Bozcaada istasyonundan ise 2006-2016 yillar1 arasi i¢in saglanabilmistir. ETo Calculator, giines 15181 veya
radyasyon verileri eksikse veya radyasyonun tahmin edilebilecegi birkag iklim parametresi mevcutsa, ETo
degerinin hesaplanmasina imkan tanimaktadir (Raes, 2012). Buna gore, dncelikle yukarida sozii edilen
istasyon ve yillar i¢in n degerleri kullanilarak ETo degerleri hesaplanmis ve bu degerlere ETo adi verilmis,
sonra n degerleri kullanilmadan ETo degerleri hesaplanmis ve bu degerlere de ETo_n ad1 verilmis, son
olarak ETo ile ETo_n arasinda regresyon analizleri yapilmis ve istatistiksel olarak onem diizeyleri
belirlenmistir. Regresyon analizi sonuglar1 bu ¢alismanin Bulgular ve Tartisma boliimiinde verilmis ve
sozii edilen 10 istasyon icin n verilerinin eksik oldugu yillara ait ETo degerleri de ETo calculator
kullanilarak hesaplanmustir.

ETo Degerlerinin Egilim Analizi

Calismada, 18 istasyon ic¢in 1990-2020 yillar1 arasi yillik toplam ETo degerlerine egilim (trend) analizi
yapilmustir. Yillik ETo degerlerinin artis yada azalis egilimleri parametrik olmayan Mann-Kendall testine
ve egilimin biiyiikliigli parametrik olmayan Sen yontemine gore belirlenmistir (Gilbert, 1987; Salmi vd.,
2002). Man-Kendall testi sonuglarinda bulunan 6nem seviyeleri (a) sirasiyla 0.001, 0.01, 0.05 ve 0.1 olarak
siralanmaktadr.

Mann-Kendall testi, bir zaman serisinin x; veri degerlerinin modele (Esitlik 1) uydugu varsayildiginda
uygulanabilirdir.

X =ft) tg (2)

Esitlikte; f(t;), zamanin siirekli monotonik artan veya azalan fonksiyonudur ve ¢;, sifir ortalamali aym
dagilimdan oldugu varsayilan hatalardir. Bu nedenle, dagilimin varyansinin zaman iginde sabit oldugu
varsayilir.

Burada amaglanan, x; gozlemlerinin zaman icinde rastgele siralandig1 egilim olmayan sifir hipotezini (H,),
artan veya azalan monotonik bir egilimin oldugu alternatif hipotez H, e karsi test etmektir. Bu istatistiksel
test hesaplamasinda MAKESENS, hem Gilbert (1987)'de verilen S istatistiklerinden hem de normal
yaklasimdan (Z istatistiklerini) faydalanmaktadir. Modelde 10'dan az veri noktasina sahip zaman serileri
i¢in S testi ve 10 veya daha fazla veri noktasina sahip zaman serileri i¢cin normal yaklagim kullanilmaktadir
(Salmi vd., 2002).

Mevcut bir egilimin gercek egimini (yillik degisim olarak) tahmin etmek icin Sen'in parametrik olmayan
yontemi kullanilir. Sen'in yontemi, egilimin dogrusal oldugu varsayilabilecegi durumlarda kullanilabilir.
Buna gore, Esitlik 2'deki f () nin esitligi asagida verilmistir (Esitlik 3).

f@®) =Qt+B ®)

Esitlikte; Q, egim ve B bir sabittir.

Ters Mesafe Agirlikli (IDW) Enterpolasyon Yéntemi

Ters Mesafe Agirlikli (Inverse Distance Weighted=IDW) enterpolasyon, birbirine yakin olan noktalarin
birbirinden uzak olanlardan daha fazla benzer oldugu varsayimini uygulamaktadir. Herhangi bir
Olctilmemis konum igin bir deger tahmin etmek amaciyla IDW, tahmin konumunu gevreleyen 0lgiilen
degerleri kullanir. Tahmin konumuna en yakin olan Olgiilen degerler, tahmin edilen deger tizerinde
uzaktakilerden daha fazla etkiye sahiptir. Boylece IDW, dlgiilen her noktanin mesafe ile azalan yerel bir
etkiye sahip oldugunu varsayar. Tahmin konumuna daha yakin olan noktalari, daha uzaktakilerden daha
fazla agirliklandirir, bu nedenle yontemin adi ters mesafe agirliklidir (Johnstone vd., 2001). Genel IDW
enterpolasyon denklemi Esitlik 4’de verilmistir.
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2s0) = ) 4 Z(5D) @

i=1

Esitlikte; Z(sy), s, konumu igin tahmin etmeye galistgimiz degeri, N, tahminde kullanilacak tahmin
konumunu gevreleyen 6l¢iilen 6rnek noktalarinin sayisini ve Ai, kullanacagimiz dlgiilen her noktaya atanan
agirliklar: ifade etmektedir. Bu agirliklar mesafe ile azalacaktir. Z(s;) ise s; konumunda gozlemlenen
degerdir. Agirliklari belirlemek i¢in denklemler Esitlik 5 ve 6’te verilmistir.

N
NIt e
i=1
N
=1 6)
i=1

Mesafe biiyiidiikce, agirlik bir p faktoriiyle azalir. Esitlik 5'te d;, tahmin konumu s, ile 6l¢iilen konumlarin
her biri olan s; arasindaki mesafedir. Us parametresi p, 6lgiilen konumun degerinin tahmin konumunun
degeri tizerindeki agirligini etkiler; yani, dlgiilen 6rnek konumlar ile tahmin konumu arasindaki mesafe
arttikca, Olgiilen noktanin tahmin {izerindeki agirlig1 (veya etkisi) iistel olarak azalacaktir. Tahminde
kullanilacak 6l¢iilen konumlarin agirliklari, toplamlar: 1’e esit olacak sekilde 6l¢iilendirilir.

Bu ¢alismada, Marmara Bolgesi icin yillik toplam ETo degerlerinin alansal ve zamansal degisimi IDW
enterpolasyon yontemi kullarularak degerlendirilmistir. Hodam vd. (2017), ETo'nin Hindistan tizerindeki
mekansal dagilim 6zelliklerini anlamak igin, IDW ve Kriging enterpolasyon yontemlerini kullanmuslar,
capraz dogrulama sirasinda aylik yiizeyleri gelistirirken Kriging'in daha iyi oldugunu bulmuslar ve
istasyon bazinda dogrulamada, IDW’nin neredeyse tiim durumlarda Kriging’den daha iyi performans
gosterdigini belirlemislerdir. Bu nedenle, ETo'nin uzaysal enterpolasyonu ve ona hitkmeden meteorolojik
parametreler icin IDW enterpolasyon yontemini tavsiye etmislerdir. Okechukwu ve Mbajiorgu (2020),
Giineydogu Nijerya’da yagis ve ETo'nin yillik ve mevsimlik tahminlerini, IDW ve Kriging enterpolasyon
yontemleri ile karsilastirmislar ve her ikisinin de yagis analizi i¢in oldukga iyi performans gosterdigini,
ancak IDW’nin tiim analizlerde ETo i¢in Kriging'den daha tutarli oldugunu bulmuslardir. Ha vd. (2011),
Siradan Kriging (OK) ve IDW yontemlerini kullanarak Texas High Plains i¢in giinliik ¢im ETo haritalar
gelistirmisler ve IDW'nin 2179 giiniin yaklasik %68'i i¢cin OK'dan daha iyi performans gosterdigini
belirlemislerdir. Ayrica IDW yontemi, saglam yapisi nedeniyle cogu arastirmaci tarafindan farkli amaclarla
yaygin olarak kullanilmistir (Aksu ve Hepdeniz, 2016; Hamad, 2016; Moharir vd., 2019; Tagkin vd., 2018;
Vural, 2021; Ya’acob vd., 2016).

BULGULAR VE TARTISMA

Referans Bitki Su Tiiketimi Bulgular

Calismada; Dursunbey, Keles, Uzunkoprii, Gonen, 1psa1a, Sile, Edirne, Bandirma, Florya ve Bozcaada
istasyonlar1 i¢in ETo ile ETo_n arasinda gergeklestirilen regresyon analizi sonuglar1 Sekil 3'te gosterilmistir.
So6zii edilen 10 istasyon icin ETo ile ETo_n arasinda belirleme katsayilar yiiksek ve istatistiksel olarak
onemli (p<0.001) dogrusal iliskiler elde edilmistir. Bu sonuglarla baglantili olarak 18 istasyon i¢in 1990-2020
yillar1 arasi yillik toplam ETo degerleri hesaplanmistir. En diisiik yillik ETo 1993 yilinda Florya istasyonu
icin 742.3 mm olarak hesaplanirken, en yiiksek deger 2004 yilinda Bandirma istasyonu i¢in 1440.7 mm
olarak bulunmustur. Uzun yillar ortalama ETo ise 871.6 mm (Sile istasyonu) ile 1106.8 mm (Ipsala
istasyonu) arasinda degisim gostermistir (Cizelge 2). “Tiirkiye’de Sulanan Bitkilerin Bitki Su Tiiketimleri”
rehberinde Marmara bolgesi icin toplam ETo degerleri 792-1198 mm arasinda degismistir (Anonim, 2017).
Calismamizda elde edilen uzun yillar ortalama ETo sonuglari ile “Tiirkiye’de Sulanan Bitkilerin Bitki Su
Tiiketimleri” rehberinde belirlen degerlerle uyumlu olmustur.
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Sekil 3. Regresyon analizi sonuglari.
Figure 3. Regression analysis results.

Referans Bitki Su Tiiketimi Egilim Testi Bulgular:

Calismada, 18 istasyon ig¢in 1990-2020 yillar1 arasi yilik toplam ETo degerlerine uygulanan egilim testi
sonuglar1 Cizelge 2’de verilmistir. Edirne, Kocaeli, Sakarya, Bozcaada ve Canakkale istasyonlar: igin
0=0.001 6nem diizeyinde ETo artis egilimleri belirlenmistir. Kirklareli ve Uzunkoprii i¢in ETo artis
egilimleri a=0.01 6nem diizeyinde belirlenirken, Tekirdag ve Ipsala icin artis egilimleri a=0.05 dnem
diizeyinde gerceklesmistir. Dursunbey icin ETo artis egiliminin a=0.1 6nem diizeyinde oldugu
bulunmustur. Bandirma, Bursa, Sile, Florya ve Gonen istasyonlar1 igin gerceklesen ETo artis egilimleri ise
istatistiksel olarak onemli olmamugtir. Diger taraftan, Kumkoy-Kilyos ve Keles istasyonlar1 igin a=0.05
onem diizeyinde ETo azalis egilimleri belirlenmis, Bilecik igin belirlenen hafif azalis egilimi (Z testi = -0.37)
ise istatistiksel olarak 6nemli bulunmamustir (Cizelge 2). Kumkoy-Kilyos ve Keles istasyonlar1 icin
belirlenen O6nemli diizeydeki ETo azalis egilimleri, sicaklikta artis egilimi olmasina ragmen, riizgar
hizindaki azalis ve bagil nemdeki artis egilimlerine baglanabilir.

Yirekli vd. (2010), Kayseri kosullarinda farkli referans donemler i¢in ETo degisiminin belirlenmesi
amactyla yaptiklari calismalarinda mevsimsel degerlerde herhangi bir egilimin olmadigini belirlemislerdir.
Talaee vd. (2014), fran'in batisindaki 1982-2003 dénemi icin 12 istasyonda Hargreaves referans
evapotranspirasyon (ETo), kap buharlasmasi (Epan) ve kap katsayisi (Kpan) serilerinin egilimlerini
arastirdiklari ¢alismalarinda, ETo zaman serisinde 6nemli bir trend olmadigini belirlemisler, 1998 yilinda
baglayan Epan serisinde 16 mm y1l"lik bir yiikselis trendi gozlemlemisler ayrica 1994 yilinda baglayan
Kpan serisinde azalan bir trend elde etmislerdir. Calismamizda da Bandirma, Bursa, Sile, Florya ve Génen
istasyonlar1 icin gerceklesen ETo artis egilimleri ve Bilecik i¢in belirlenen hafif azalis egilimi istatistiksel
olarak 6nemli bulunmamustir.

Altindag (2007), Glineydogu Anadolu Projesi bolgesinde 9 adet meteoroloji istasyonu i¢in ETo degerlerini
belirledigi ve gidis analizlerini degerlendirdigi c¢alismasinda, 3 istasyon igcin Onemli diizeyde artis
egilimleri, 6 istasyon icin de 6nemli diizeyde azalig egilimleri belirlemistir. Bu sonuca kiiresel 1sinma,
sehirlesme, artan niifus gibi faktorlerin etki etmis olabilecegini belirtmistir. Trabzon’da aylik ve yillik
referans bitki su tiiketimindeki degisimleri ortaya koymak amaciyla yapilan bir arastirmada 2009-2012
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yillar1 arasinda referans su tiiketiminde sicaklik artisi ve degisen iklim verileriyle birlikte yillar arasinda
artis meydana geldigini belirlenmistir (Bayramoglu, 2013).

Cizelge 2. 1990-2020 yillar1 arast yillik toplam ETo degerleri egilim testi sonuglari.
Table 2. Trend test results of annual total ETo values between 1990-2020.

Sirano Dénem istasyon ad1 Yillik ort. ETo (mm) n Z testi Onemlilik
1 1990-2020 Edirne 1005.3 31 4,15 o
2 1990-2020 Kirklareli 905.0 31 2,55 **
3 1990-2020 Tekirdag 908.4 31 2,46 *

4 1990-2020 Kumkéy-Kilyos 935.2 31 -2,21 *

5 1990-2020 Kocaeli 903.9 31 4,11 ook
6 1990-2020 Sakarya 897.3 31 3,77 e
7 1990-2020 Bozcaada 1041.5 31 4,45 ook
8 1990-2020 Canakkale 1104.1 31 3,48 ook
9 1990-2020 Bandirma 1044.6 31 0,20 od
10 1990-2020 Bursa 1002.6 31 0,31 od
11 1990-2020 Bilecik 1027.9 31 -0,37 od
12 1990-2020 Uzunkédprii 1059.3 31 2,89 **
13 1990-2020 Sile 871.6 31 0,14 od
14 1990-2020 ipsala 1106.8 31 2,55 *
15 1990-2020 Florya 970.0 31 0,82 od
16 1990-2020 Gonen 990.4 31 1,02 od
17 1990-2020 Keles 963.6 31 -1,99 *
18 1990-2020 Dursunbey 991.1 31 1,80 +

***a=0,001, *0=0,01, *a=0,05, +a=0,1, 6d: Snemli degil, -: azalis

Anl (2014) tarafindan Giineydogu Anadolu bélgesi i¢in yapilan ¢alismada, ETo degerlerinin zaman
icerisinde degisimi arastirilmis, ETo degerlerinde 6nemli artis egilimleri oldugu belirlenmistir. Xu vd.
(2017), 1957’den 2014’e kadar Cin’in dogusundaki Yangtze Nehri Deltasi’'nda bulunan 46 adet meteoroloji
istasyonu icin ETo hesapladiklari ¢alismalarinda, agirlikli olarak giineydoguda yer alan 34 meteoroloji
istasyonunda (toplamin %73.911) yillik artis egilimleri belirlemislerdir. Senegal Nehir Havzasi igin ETo
egilimini ve iklim degiskenlerine duyarliligim analiz etmek amaciyla yapilan diger bir calismada, 1984
2017 doneminde havza alaninin %32’si icin yillik ETo’da 6nemli bir artis oldugu belirlenmistir. Ayrica,
havzanin Sahel bolgesinin baz1 kesimlerinde riizgar hizinda 6nemli bir diisiis kaydedilmistir. Riizgar
hizinin azalmasi ve bagil nem artisi, ETo’in diismesine neden olmus ve Senegal Nehri havzasinin Sahel
kisminda bir “buharlasma paradoksu” isaret edilmistir (Ndiaye vd., 2020). Jerin vd. (2021), Banglades’te
1975-2017 yallar1 arasinda 25 yerin giinliik meteorolojik veri setlerine dayanan Penman-Monteith FAO-56
modelini kullanarak aylik, yillik ve on yillik ETo veri setlerini degerlendirmeyi amagladiklar:
calismalarinda hem artis hem de azalis egilimleri belirlemislerdir. Bir biitiin olarak, Banglades genelinde
ETo'nin azalan egilim yapis1 nedeniyle paradoksal bir durum ortaya ¢ikabilecegini bildirmisler ve bunun
nedenin, mevcut iklim 1sinmasinin etkisiyle giineslenme siiresi ve riizgar hizindaki azalma olabilecegini
belirtmislerdir. Calismamizda 10 istasyon i¢in 6nemli diizeyde ETo artis egilimleri belirlenirken, 2 istasyon
icin 6nemli diizeyde ETo azalis egilimleri belirlenmistir. ETo degisimleri, iklim faktorleri, hava kirliligi,
bitki tiirleri ve kentlesme gibi ¢ok sayida faktdriin entegre sonuglaridir (Xu vd., 2017).

Referans Bitki Su Tiiketiminin Alansal ve Zamansal Dagilim1

IDW enterpolasyon yontemi kullanilarak hazirlanan 1990-2020 yillar1 aras1 Marmara Bolgesi yillik toplam
ETo haritalar1 Sekil 4’te gosterilmistir. Calismada elde edilen bulgulara gore, 1990, 1996, 1999-2002, 2012,
2015 ve 2016 yillarinda Edirne’nin giineyi ve Canakkale’nin bati kesimlerinde ETo yiiksek degerlere
ulagmustir. Kirklareli, Kocaeli ve Sakarya illeri i¢in 1990-1994 ve 2000-2003 yillarinda ETo degerlerinin
diisiik oldugu belirlenmistir
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Sekil 4. Marmara Bolgesi 1990-2020 yillar1 aras1 ETo degerleri zamansal ve alansal degisimi.
Figure 4. Temporal and spatial changes of ETo values between 1990-2020 in Marmara Region.
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Sekil 4. Marmara Bolgesi 1990-2020 yillar1 ETo degerleri zamansal ve alansal degisimi (devamu).
Figure 4. Temporal and spatial changes of ETo values between 1990-2020 in Marmara Region (continued).

Marmara Bélgesi'nin giiney kesimlerinde 1992-1995, 1997 ve 2007 yillarinda ETo degerlerinin diger yillara
gore yliksek oldugu goriilmiistiir. 2003-2005 yillarinda Balikesir’'in kuzey kesimlerinde ETo degerlerinin
diger bolgelere ve yillara gore yiiksek oldugu belirlenmistir. Diger yandan Istanbul’un bat1 kesimlerinde
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ETo degerleri 1995 ve 1996 yillarinda diger bolgelere ve yillara gore diisiik bulunmustur. Ayrica Bilecik’te
2006-2010 yillar1 arsinda ardisik olarak yiiksek ETo degerlerinin tekrarlandigi belirlenmistir. Benzer sekilde
Edirne’nin kuzey kesimlerinde de 1990-1997, 1999-2002 ve 2015-2020 yillar1 arasinda yiiksek ETo degerleri
tekrarlanmistir.Calismada, IDW enterpolasyon yontemi kullanilarak hazirlanan Marmara Bolgesi uzun
yillar (1990-2020) yillik ortalama ETo haritasi Sekil 5'te verilmistir. Genel olarak, Marmara Bolgesi'nin bati
kesimlerinde (Edirne’nin giineyi, Balikesir'in batis1i ve Canakkale) ETo yiiksek degerlere ulasirken,
bdlgenin kuzey kesimlerinde Kirklareli ve Tekirdag'in dogusu ile bélgenin dogu kesimlerinde Istanbul'un
dogusu, Kocaeli ve Sakarya’da ETo degerleri diismiistiir (Sekil 5). Ayrica Kirlareli, Tekirdag'in dogusu,
Kocaeli ve Sakarya’da uzun yillar ortalama ETo degerleri diisiik bulunurken (Sekil 5), bu illerde ki
meteoroloji istasyonlar: verilerinden hesaplanan yillik toplam ETo degerlerinde istatistiksel olarak 6nemli
diizeyde artis egilimleri belirlendigi unutulmamalidir (Cizelge 2).
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Sekil 5. Marmara Bolgesi uzun yillar (1990-2020) yillik ortalama ETo haritas.
Figure 5. Long term (1990-2020) annual average ETo map of Marmara Region.

Giiler (2014), Turkiye'nin kuzeyinde 8 farkli enterpolasyon yontemi kullanarak aylik ETo alansal
degisimini belirlemek i¢in yaptig1 calismasinda, ETo haritalarinin olusturulmasi i¢in ETo hesaplamasinda
Hargreaves yonteminin kullaniminin daha kolay oldugunu ve LR (dorusal regresyon modeli) kullaniminin
diger enterpolasyon yontemlerine gore daha giivenilir oldugunu belirlemistir. Yukaridaki ¢alismada
Tiirkiye'nin kuzyinde yeralan bir bbolge i¢in ETo haritalarinin iiretilmesi yaninda ¢alismamizdan farkh
olarak bazi enterpolasyon yontemleri karsilagtirilmistir. Yildirim vd. (2019), Gediz Havzasi’'nda FAO
Penman Monteith yontemi kullanilarak uzun yillar iklim verilerinden Nisan-Eyliil aylar1 i¢in aylik ve yillik
ETo degerlerini hesapladiklar1 ¢alismalarinda, jeoistatistiksel yaklasimla ETo haritalar: tiretmisler, Co-
Kriging yontemi ve Spherical modelin ETo haritalamada giivenilir olarak kullanilabilecegini
bildirmislerdir. Karaca vd. (2017), Antalya ilinde ETo degerlerinin aylik bazda zamansal ve mekansal
degisimlerinin belirlenmesini amagladiklar1 ¢alismalarinda, Spline yontemini kullanarak Aylik ETo
haritalar1 olusturmuslar, tarim yapilan bolgede iklim verilerinin saglanabilecegi bir meteoroloji istasyonu
yoksa sulama suyu gereksiniminin belirlenmesinde bu haritalarin kullanilabilecegini bildirmislerdir.
Calismamizda yukaridaki calismalardan farkli olarak yaygin sekilde kullanilan IDW enterpolasyon
yontemi ile 1990-2020 yillari i¢cin Marmara Bolgesi yillik toplam ETo haritalar: olusturulmus ve sonuglarin
su yOneticilerine su kaynaklarinin planlanmasinda karar vermede yardimci olacag: diistiniilmiigtiir.

Xu vd. (2017), 1957'den 2014’e kadar Cin’in dogusundaki Yangtze Nehri Deltasi'nda bulunan 46 adet
meteoroloji istasyonu i¢in Penman-Monteith yontemini kullanarak ETo hesapladiklari ¢aligmalarinda,
ArcGIS yazilimini dagitim haritalar iiretmek i¢in kullanmislar, yillik ETo'nin kuzeyde giineye gore daha
yliksek degerlerde acik bir mekansal dagilim gosterdigini belirlemislerdir. Ayrica arastirmacilar bu
sonuglarin egilim analizi sonuglariyla birlikte arastirma bolgesinde daha iyi planlama kararlar1 vermede
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su kaynaklar1 yoneticilerine ve politika yapicilara yardimci olmasini beklediklerini bildirmislerdir. Zhang
vd. (2018), calismalarinda Penman-Monteith yontemini kullanarak Hangjiahu bolgesi icin ETo
hesaplamiglar ve CBS mekansal analiz fonksiyonu icinde IDW enterpolasyon yontemi ile haritalar
tretmisler, ETo degerlerinin 811.2 mm ile 1039.9 mm arasinda degistigini ve ¢alisma alaninin dogusundan
batisina diistiigiinii gostermislerdir. Ayrica ova alaninin ETo degerlerinin, sicaklik trendinin mekansal
dagilim egilimi ile ayn1 dagilimi gosterdigi daghk alana gore daha yiiksek oldugunu belirlemislerdir.
Yildinim vd. (2019), Gediz Havzasi’'min Nisan-Eyliil aylari icin yilik ETo degerlerini hesaplayarak Co-
Kriging yontemiyle ETo haritas1 hazirlamislar, havzanin batisindaki Menemen ilgesi ¢evresi ve havzanin
glineyindeki Alasehir ve Sarig6l ilgeleri cevresinde yiiksek degerlere (en yiiksek 1377 mm) ulasildigini ve
en diisitkk degerlerin en yiiksek bolgede bulunan Gediz ilgesi ¢evresinde dagilm gosterdigini
belirlemislerdir. Calismamizda uzun yillar ortalama ETo degerleri 871.6-1106.8 mm arasinda degismis ve
Marmara Bolgesi'nin batisindan dogusuna dogru azalacak sekilde bir alansal dagilim gosterdigi
belirlenmistir. Bu durum bolgenin ikliminin karasal Karadeniz ve Akdeniz iklimleri arasinda bir gegis
Ozelligine sahip olmasina baglanabilir.

SONUC

Calismada, Marmara Bolgesi'nde 18 adet meteoroloji istasyonu igin 1990-2020 yillar1 aras1 iklim verileri
kullanularak tahmin edilen yillik toplam ETo egilimleri belirlenmis ve Ters Mesafe Agirlikli (IDW)
enterpolasyon yontemi ile ETo haritalar1 olusturularak mekansal ve zamansal degisimleri
degerlendirilmistir. En diisiik yillik toplam ETo degeri 1993 yilinda Florya istasyonu i¢in 742.3 mm olarak
hesaplanirken, en yiiksek deger 2004 yilinda Bandirma istasyonu igin 1440.7 mm olarak bulunmustur.

Edirne (a=0.001), Kocaeli (a=0.001), Sakarya (a=0.001), Bozcaada (a=0.001), Canakkale (a=0.001), Kirklareli
(a=0.01), Uzunkdprii (a=0.01), Tekirdag (a=0.05), Ipsala (a=0.05) ve Dursunbey (a=0.1) istasyonlar1 igin ETo
artis egilimleri istatistiksel olarak onemli bulunurken, Kumkoy-Kilyos ve Keles istasyonlar1 igin 6nemli
diizeyde (a=0.05) azalis egilimleri belirlenmistir. Ayrica Bandirma, Bursa, Sile, Florya ve Gonen
istasyonlar1 icin gerceklesen ETo artis egilimleri ile Bilecik icin belirlenen hafif azalis egilimi istatistiksel
olarak 6nemli olmamustir.

Genel olarak, IDW enterpolasyon yontemi kullanilarak hazirlanan Marmara Bolgesi uzun yillar (1990-
2020) yillik ortalama ETo haritas: degerlendirildiginde, Marmara Bolgesi'nin bat1 kesimlerinde (Edirne’nin
giineyi, Balikesir'in batis1 ve Canakkale) ETo yiiksek degerlere ulasirken, bolgenin kuzey kesimlerinde
Kirklareli ve Tekirdag’in dogusu ile bolgenin dogu kesimlerinde Istanbul'un dogusu, Kocaeli ve
Sakarya’da ETo degerleri diismiistiir. Sonug olarak, Marmara Bolgesi'nin bat1 ve giiney kesimleri ile kuzey
kesimlerinde Tekirdag ve Istanbul’un bat1 yakasinda su kaynaklarinin korunumu bakimindan tarimsal su
yonetiminin etkin bir sekilde stirdiiriilmesi gerektigi soylenebilir. Ayrica Kirlareli, Tekirdag'in dogusu,
Kocaeli ve Sakarya’da uzun yillar ortalama ETo degerleri diisiik bulunurken, bu illerde ki meteoroloji
istasyonlar1 verilerinden hesaplanan yillik toplam ETo degerlerinde istatistiksel olarak énemli diizeyde
artis egilimleri belirlenmistir. Bu sonucun belirtilen bolgelerde su kaynaklar: yonetimi icin yol gosterici
olacag diisiiniilmektedir.

CIKAR CATISMASI
Yazarlar arasinda herhangi bir ¢ikar ¢atismas: yoktur.

YAZAR KATKISI
Yazarlar Yiiksek Lisans tez ¢alismasindan hazirlanan makaleye birlikte katk: saglamislardir.
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Oz: Tahil iiretiminin her yil artmasi, depolarda yatirim, bakim ve etkin yonetim ihtiyacim ortaya ¢tkarmaktadir. Depolama, daha iyi piyasa fiyatlari
icin pazarlik olasiigini etkilediginden 6nemli bir darbogazdir. Karliligin artmasi igin tiiketicinin tirtin kalitesinin giivence altina almmasi
gerekmektedir. Dolayisiyla bu alandaki bilimsel aragtirmalarin ve iiretim zincirinin standardizasyonuna ihtiyag vardir. Bu ¢alismada Igdur ili, ilge ve
koylerindeki bitkisel tiriin depolar ile ilgili anket ¢alismasi yapilarak mevcut durumlari ortaya konulmustur. Mevcut durumda yapilmis olan
depolarin eksiklikleri géz oniinde bulundurularak bugday tahil i¢in 1500 ton depolama kapasitesine sahip yatay bir betonarme deponun teknik
verilere uygun sekilde planlanmas1 amaglanmustir. Anket calismalar1 kapsaminda bolgedeki bitkisel iiriin depolarinin ¢ogunun yillar énce yapildigs,
buna bagli olarak projelerinin bulunmadig; tespit edilmistir. Aile tipi depolarin ilkel yollarla yapildigi, depolarda ¢at1 egim agilarinin yetersiz (8-19°)
oldugu ve tahil igin gerekli gevre kosullarinin géz oniinde bulundurulmadig: belirlenmistir. Ayrica soguk hava depolar1 disindaki depolarda
depolama kogsullarina uyulmadigi, dogal ve mekanik havalandirmanin yapilmadigi, depolarmn nem ve 1s1 yalitiminin saglanmadigi, iiriin
depolanmasinin kisa siireli ve depo ortaminin saglikli olmadig) tespit edilmistir. 1500 ton bugday tahilinin depolama yapisinda emniyetli ve giivenli
bir sekilde depolanabilmesi ve depolama yapisinin servis dmriiniin uzun siireli olabilmesi igin 12 m genisliginde, 36 m uzunlugunda, 5 m duvar
yiiksekliginde, cat1 egim agis1 25° ve ¢ati yiiksekligi 2.89 m olacak sekilde tasarlanmistir. Tasarimi yapilan bu depoda perde duvar kalinligi 32 cm
olmak tizere toplam duvar kalinlig1 48 cm (is s1va, dis siva ve yalitim malzemesi ile), 40 cm radye temel olmak {izere toplam déseme kalinlig1 77.5 cm,
catida 6 cm kalinliginda poliiiretan sandvig panel, 5 cm kalinliginda kap1 (5 x 3.5 m) ve 0.3 cm kalinliginda pencereler kullanilmustir.

Anahtar Kelimeler: Igdir, bugday, depolama yapisi, depolama kosullar1

&

Abstract: The increase in grain production every year reveals the need for investment, maintenance and effective management in warehouses. Storage
is a major bottleneck as it affects the possibility of bargaining for better market prices. In order to increase profitability, the product quality of the
consumer must be assured. Therefore, there is a need for standardization of scientific research in this field and the production chain. In this study, a
questionnaire study was carried out on the plant warehouses in Igdir province, district and villages and their current situation was investigated. In
view of the shortcomings of the existing warehouses, it was aimed to plan a horizontal reinforced concrete warehouse with a capacity of 1500 tons for
wheat grain in accordance with technical data. Within the scope of the survey studies, it was determined that most of the plant warehouses in the
region were made many years ago and they did not have any projects. It was determined that the family type warehouses were made by primitive
means, the roof slope angles in the warehouses were insufficient and the environmental conditions required for the grain were not taken into
consideration. In addition, it was determined that the storage conditions were not observed in the warehouses except cold stores, natural and
mechanical ventilation was not performed, the humidity and heat insulation of the warehouses were not provided, the storage of the product was
short term and the storage environment was not healthy. It is designed with a width of 12 m, a length of 36 m, a wall height of 5 m, a roof slope angle
of 25° and a roof height of 2.89 m in order to store 1500 tons of wheat grain safely and securely in the storage structure and to ensure a long service
life of the storage structure. In this warehouse designed, the total wall thickness is 32 cm, with a total wall thickness of 48 cm (with internal plastering,
external plastering and insulation material), a total floor thickness of 77.5 cm with a 40 cm raft foundation, and a 6 cm thick polyurethane sandwich
panel on the roof, 5 cm thick door (5 x 3.5 m) and 0.3 cm thick windows were used.

Keywords: Igdir, wheat, storage structure, storage conditions

Atif/Cite as: Maman, K., & Kibar, H. (2022). Bugday Deposu Tasarimi: Yapisal Tasarim-I. Uluslararas: Tarim ve Yaban Hayati Bilimleri Dergisi, 8 (2),
282-301. DOI: 10.24180/ijaws.1089813

intihal-Plagiarism/Etik-Ethic: Bu makale, en az iki hakem tarafindan incelenmis ve intihal icermedigi, arastirma ve yaymn etigine uyuldugu teyit
edilmistir. / This article has been reviewed by at least two referees and it has been confirmed that it is plagiarism-free and complies with research and
publication ethics. https://dergipark.org.tr/tr/pub/ijaws

Copyright © Published by Bolu Abant Izzet Baysal University, Since 2015 — Bolu

! Kiirsat Maman, Igdir i1 Ozel idaresi, kursat_mn@hotmail.com
2 Prof. Dr. Hakan KIBAR, Bolu Abant izzet Baysal Universitesi Ziraat Fakiiltesi, Tohum Bilimi ve Teknolojisi Boliimii, hakan.kibar@ibu.edu.tr
(Sorumlu Yazar / Corresponding author)

‘Bu calisma birinci yazarin yiiksek lisans tezinin bir boliimudiir.

*This work is licensed under a Creative Commons Attribution 4.0 International License



Bugday Deposu Tasarimi: Yapisal Tasarim-I

GIRIS

Kiiresel tahil tiretimi her yil artmakta, bu da hasat sonras: sistem bilesenlerine yatirim ihtiyacini ortaya
cikarmaktadir. Hammadde {ireticileri icin {iriin fiyatlar1 ve se¢enekleri, kamu politikalari, stoklar1 ve ticaret
engellerinin bir sonucu olarak yillar icinde dalgalanmaktadir. Hasattan sonra tahillarin ticarilesebilmesi
icin depolanmasi ve bu siire boyunca kalitelerinin korunmas: gerekmektedir. Bununla birlikte, {iretim
seviyelerindeki artisla birlikte, sabit depolama kapasitesinde, pazarlama zinciri boyunca maliyetleri ve
nihai kayiplar1 artiran giderek artan bir depolama a¢1g1 bulunmaktadir. Birlesmis Milletler Gida ve Tarim
Orgiitii (FAO), bir iilkenin gida giivenligini garanti eden {iretim kapasitesinden daha biiyiik bir depolama
kapasitesine sahip olmasini tavsiye etmektedir (FAO, 2019; Kibar vd., 2021a, b).

Diinyanin her yerindeki ciftgiler, sicak veya soguk {iilkelerde veya daha gelismis veya daha az gelismis
iilkelerde hasat sonras: elde edilen tahili veya diger tarimsal {iriinleri tiiketilene veya islenene kadar
depolarlar. Giintimiizde depolama, iilkelerin gelismislik diizeyine gore en ilkelinden en gelismise dogru
toprak kaplarda, ¢ukurlarda veya tahil ambarinda, toplu halde veya mekanik sisteme sahip oldukca
karmasik depolama yapisinda yapilabilmektedir (Olgun, 2011).

Depodaki tahil y1gini, canli organizmalarin ve ¢evrenin birbirleriyle etkilesime girdigi insan yapimi bir
ekolojik sistemdir. Depolanmis tahilin bozulmas: fiziksel, kimyasal ve biyolojik degiskenler arasindaki
etkilesimlerden kaynaklanir. Bu ekosistemde en 6nemli canli organizma tahilin kendisidir. Tahilin abiyotik
ortamy, sicaklik gibi fiziksel degiskenleri, karbondioksit ve oksijen gibi inorganik kimyasal degiskenleri ve
nem gibi fizyokimyasal degiskenleri ve biyolojik aktivitenin yan iirtinleri olan organik bilesikler dizisini
igerir. Tahil yigiminda tahil disindaki baslica biyotik degiskenler, mantarlar, aktinomisetler ve bakteriler
gibi mikroorganizmalar; bocekler ve akarlar gibi eklembacaklilar; kemirgenler ve kuslar gibi
omurgalilardir. Bu zararlilar nadiren yalmiz hareket ederler. Ekolojik akrabaliklari, tahil kalitesinin
karmasik bir bozulma siirecindeki diger bazi degiskenler tarafindan desteklenerek, tahilla ve kendi
aralarinda zamanla gelisim gosterebilirler. Bu bozulma baslangicta yavas ve daha az dramatik olmasina
ragmen, bozulmamus bir tahil yigininda degiskenlerin dogru kombinasyonu saglanmazsa, tam tahil kayb:
meydana gelebilir (Bala, 2017; Neme ve Mohammed, 2017; Ziegler vd., 2021).

Sicaklik ve nem igerigi, depolanan tahilin bozulmasina 6nemli derecede katkida bulunan iki 6nemli fiziksel
degiskendir. Tahil genellikle giivenli olarak kabul edilebilen bir nem igeriginde depolansa da, atmosfer
havasindaki degisimlerin bir sonucu olarak hem sicaklik hem de nem igerigi hem zamana hem de konuma
gore degisim gostermektedir. Depolanan tahillardaki nem gogti, sicaklik degisimlerinden kaynaklanmakta
ve gilivenli depolama tasarimi igin rasyonel bir temel saglamak icin hava kosullarinda dogal olarak
meydana gelen degisikliklerden kaynaklanan etkilerin tahminini gerektirmektedir. Sicaklik, depolanan
tahil1 kirleten ve yok eden boceklerin, akarlarin ve mantarlarin dagilimini ve bollugunu sinurlayan en
onemli faktorlerden biridir. Atmosfer sicakligindaki mevsimsel degisiklikler, tahil deposu boyunca sicaklik
diizenini degistirir. Kis aylarinda, konvektif hava akimlar1 deponun ortasindan yukar: dogru hareket
ettiginden, tahilin iist yiizeyinin altindaki depo merkezi, deponun geri kalanindan daha sicak kalir.
Tersine, yaz aylarinda, hava akimlari sicak duvarlar boyunca yukar: ve deponun ortasindan asagi dogru
hareket ettiginden, alta yakin depo merkezi en soguk kalir. Cografi konuma bagli olan hava kosullari, tahil
depolama sicakliklarin etkileyen en 6nemli faktorlerdir. Ortalama aylik sicakliga dayali olarak, hangi
cografi bolgelerin depolanan tahil boceklerinin enfeksiyonlarina karsi daha savunmasiz oldugunu bulmak
icin tahminler yapilabilir ve depolama tasarimi ve isletimi icin oneriler yapilabilir. Devlet politikalari ile,
bozulmanin minimum diizeyde olacag1 alanlarda tahilin uzun siireli depolanmas: tesvik edilebilir (Kibar
vd., 2015; Bala, 2017; Mutungi vd., 2019; Ziegler vd., 2021).

Depolama sistemleri, pratik uygulamaya gore, hermetik olmayan (geleneksel), yar1 hermetik veya toplu
(yatay silolar, dikey silolar ve depolar), hermetik, sogutmali ve modifiye atmosferli depolama olarak
gruplandirilabilir.

Tiirkiye’de depolama ile ilgili nemli sorunlarin temelinde yetersiz depolama alani ve uygun olmayan
depolama yapilar1 gelmektedir. Bitkisel iiriinlerin iiretilmesi, insanlarin yasami ve {iilkenin ekonomisi
yoniinden ne kadar 6nemli ise, tiiketilinceye kadar kalitesiyle birlikte iiriiniin muhafaza edilmesi de o
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kadar 6nemlidir (Karaman vd., 2009). Ciinkii iiretilen iirtinleri muhafaza etmeyip, tamam tiiketiciye
ulastirilmiyorsa, {iretimi ¢ogaltma ¢abalar1 biiyiik bir 6nem tasimaz. Bundan dolay: iirettigimiz kadar,
drettigimiz {riinleri hangi Ol¢lide muhafaza edebildigimiz ve saglikli bir gida olarak tiiketiciye
ulagtirdigimiz da dnemlidir (Kibar ve Oztiirk, 2009). Buna bagl olarak uzun siireli iiriin muhafazasi igin
depolamanin nemi ortaya gikmaktadir. Ulkemizde genelde her yil, 5nemli dlciide bitkisel iiriin ertesi y1la
devretmektedir. Bir sonraki yila devreden bugday stoku; depolama kay1iplari, bugdayin maliyetine eklenen
depolama masraflar1 ve yeni iirtiniin depolanmasinda ortaya karisiklik ile olumsuz bir durum
olusturmaktadir. Ulkemizin ekonomisine canlilik getirecegi goz dniine alinacak olursa sonraki dénemlere
devreden bitkisel iirtin stokunun en diisiik seviyelerde tutulmasi, pazarlama politikalarinin gelistirilmesi
igin uygun olacaktir. Uriin depolarin iyi tasarlanmamasi ya da cevresel etkilerin gz Oniinde
bulundurulmadan depolarin inga edilmesi {iriin kalitesini olumsuz yonde etkilemektedir. Bitkisel iiriin
depolari, iklim kosullari, depolanacak iiriiniin karakteristik 6zelligi gbz Oniinde bulundurularak ve
fizibilite galismalari iyi yapilarak tasarlanmalidir. Ulkemizde depolama konusunda donamimli ve tecriibeli
eleman sayisi yetersiz diizeydedir. Bu sorunun asilmasi i¢in depolama konusunda egitilmis nitelikli insan
yetistirilmesine fazlasiyla 6nem verilmelidir (Goziim, 1992).

Tiirkiye’de farkl illerde ve yillara ait depolama yapilari, depolama kosullari, depolarin mevcut durumu
ve sorunlari ile gelistirme olanaklarinin belirlenmesine yonelik ¢calismalar bulunmaktadir. Yiiriitiilen bu
bilimsel ¢alismalarda iilkemizdeki tahil depolariin teknik agidan yetersiz oldugu ve giivenli depolama
icin gerekli kosullarin saglanamadig: belirtilmektedir (Sisman, 2003; Tutar, 2010; Sisman ve Ergin, 2011,
Tutar ve Alagoz, 2012; Kibar vd., 2015; Gengoglan vd., 2018).

Bu ¢alismanin amaci, Igdir ili, ilge ve koylerindeki ciftcilerin, kooperatiflerin, miitesebbislerin ve Toprak
Mahsuller Ofisi’'nin sahip oldugu bitkisel {iriin depolarinin mevcut durumlar: incelenerek, yapilan anket
dogrultusunda depolama yapilarinin eksikleri ve yeni yapilacak depolarda iiriinlerin en saglikh sekilde
korunarak depolanabilmesi i¢in insa edilecek depolarin planlanmasi amaglanmistir. Bu amagla, kaliteli ve
saglikli bir tirtin devamliligl i¢in ¢alismanin birinci béliimiinde Igdir ili kosullarina uygun 1500 ton
depolama kapasitesine sahip bugday tahili icin betonarme yatay bir depolama yapisinin tiim yonleriyle
projelendirilmesi hedeflenmistir.

MATERYAL VE METOT

Calisma kapsamindaki anket galismasi, Igdir ilindeki bitkisel {iriinlerin depolanmas: amaciyla kullanilan
tiim depolarinin mevcut durumu ve yapisal dzelliklerinin belirlenmesi ve karsilasilan sorunlara ¢oziim
onerileri sunmak amaciyla yiiriitiilmiistiir. Depo sayisi, Igdir 11 Tarim ve Orman Miidiirliigii'niin
kayitlarindan toplam 12 adet olarak alinmustir.

Ilde yapilan anketler, ¢alismanin birincil verilerini olusturmaktadir. Ankette, incelenen isletmelerin genel
oOzellikleri (isletmelerin hukuki ve miilkiyet durumu, proje durumu, ¢alistirilan is¢i sayilari, depolanan
iirtinler, depolama kapasitesi, doluluk orani, depo kurulus yeri 6zellikleri), depolara ait yapisal 6zellikler
(depo boyutlari, kullanilan malzemeler, ¢at1 6zellikleri vd.) ve depolama ile ilgili bilgiler (depolama stiresi
ve iiriin temin yeri) iliskin bilgilere yer verilmistir. Ankette isletme sahipleri ile yiiz yiize goriisiilerek
depolar hakkinda yukarida verilen bilgiler alinmis ve depolarda incelemeler yapilmistir.

Anket ¢alismasindan sonra 1500 ton kapasiteli bugday deposunun tiim yonleriyle tasarimi yapilmis ve
Onerilerde bulunulmustur.

Depo isletmelerinin Degerlendirilmesi

Bu arastirmada; Igdur ili (enlem: 39.9191 ve boylam: 44.0442) merkez, ilge ve kdylerinde bulunan mevcut
bitkisel iiriin (soguk hava deposu, yatay depo, diisey depo vb.) depolar: anket yardimu ile teknik yonden
incelenmistir.

Igdur ili merkez ve ilgelerinde kurulu olan mevcut bitkisel iiriin depolarinda anket calismasi ve gozlemler
yapilmigtir. Teknik yonden incelenen her bir bitkisel {iriin depolarinin konumlar: $Sekil 1" de verilmistir.

Bu calismada, Igdir ili ve ilgelerinde bulunan bitkisel iiriin depo sahipleri ile yiiz yiize goriisme yontemiyle
yapilan anketlerden veriler elde edilmistir. Calismada gayeli 6rnekleme yontemi kullanilmis ve 6rnek
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biytkliigii 12 adet bitkisel {iriin depo ve isletmecisi olarak belirlenmistir. Anketin uygulandig1 depo ve
isletmecileri tamamen tesadiifi olarak secilmistir. Toplam 22 soruyu igeren anket formu konu ile ilgili daha
once yapilmis ¢alismalardan yararlanilarak ve anketin uygulanacagi ana kiitlenin 6zellikleri dikkate
alinarak hazirlanmistir. Ankette kapali uglu soru tiplerinden yararlamilmistir. Uygulanan ankette
katilimcilara sosyo-ekonomik ve demografik 6zellikleri ile ilgili bilgilerin yani sira, deponun bulundugu
konum, deponun statiisii, depo aile tipi bir depo ise ailedeki birey sayisi, deponun faaliyete basladig yil,
deponun proje durumu gibi sorular yoneltilmistir. Anket calismasi ile elde edilen veriler Excel bilgisayar
programi ile degerlendirilmistir.

Sekil 1. Bitkisel iiriin depolarmin il haritasindaki konumu (ED50-3°).
Figure 1. Location of crop product warehouses on the provincial map (ED50-3°).

Igdir ilindeki baz1 bitkisel {iriin depolarina yonelik yapilan anket galismalar1 sonucu elde edilen veriler
Cizelge 1'de verilmistir. Igdir ilindeki bitkisel {irtin depolamada kullanilan depolarin yapisal 6zellikleri
incelendiginde; arastirmaya alinan 12 bitkisel {iriin deposunun %76'i 6zel sirketler %8’i Tarimsal kalkinma
kooperatifleri %8’'i Toprak Mahsulleri Ofisi ve %8'i ise aile tipi depolar oldugu goézlemlenmistir. Bu
calismada, incelenen depolarin statiilerinin biiyiik oranda 6zel kurulus oldugu belirlenmistir. Benzer sonug
Gengoglan vd. (2018) tarafindan yapilan ¢calismada da ortaya konulmustur.

Incelenen depolardan %58.3' niin projeli %41.7” sinin ise projesiz oldugu belirlenmistir. Depolarin %83.3"ii
yatay, %16.7’si ise diigseydir. Yatay depolarin 6 adedi betonarme ve 1 adedi ise tas duvardan insa edilmistir.
Diger depolar ise panel ve gelik sac¢tan insa edilmistir.

Bitkisel {iriin depolarinin %67’sinde toplam depolama kapasitesi 50 tonun iizerinde, %33’ ise 200 kg ile
50 ton arasinda oldugu tespit edilmistir. Depolara kapasitelerinin yaklasik %85-95 diizeyinde
kullanmaktadirlar. Isletmelerin %50'si siireli ve %’si de siiresiz depolama yapmaktadir. Bu calismada
depolanan iiriinlerin depolama siirelerine iliskin elde edilen sonuglar, Tutar (2010) ve Gengoglan vd. (2018)
tarafindan elde edilen depolama siireleri ile benzerlik gostermistir.

Depolarin %50’si mekanik, %50’si ise dogal havalandirma kullanmaktadir. Depolarin %50" si 8°-18°,
%8.3'11 19°, %16.7’si 23° ¢at1 egim agisia ve %25’ i diiz ¢atiya sahiptir.

Depolama yapilarinda celik tagiyicr sistemin, konvansiyonel betonarme ve prefabrik betonarme
kullanilmaktadir. Isletmelerin  %25’inde duvar yalitm malzemesi olarak Poliiiretan panel
kullanilmaktadir. Duvar ve tavan yalitim malzemesi olarak Poliiiretan panel kullanan depolarin genellikle
2007 yili ve sonrasinda inga edildigi ve biiyiik bir cogunlugunun 6zel sirketler tarafindan igletildigi tespit
edilmistir.

Tahil depolarinda yapilan havalandirmanin ve isiklandirmanin etkili gevre kosullarinin dikkate
alinmadan yapildig: tespit edilmistir. Soguk hava depo isletmelerinde kullanilan sogutma sistemlere
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bakildiginda tamaminin kontrollii atmosfer sogutma sistemini tercih ettigi belirlenmistir. Kontrollii
atmosfer sogutma sisteminin kullanildig isletmelerin %33’11 2007 yilinda %67’si 2012-2013 yillar1 arasinda
insa edilmistir. Kontrollii atmosfer sogutma sisteminin kullamildig1 soguk hava depolarimin tamaminin
2007-2013 yillar1 arasinda insa edildigi tespit edilmistir. Kontrollii atmosfer sogutma sistemlerinin ise
tamaminin 6zel sirketler tarafindan isletilmekte oldugu belirlenmistir (Maman, 2019).

Isletme sahiplerine genel olarak karsilastiklar1 teknik ve isletim problemleri sorulmus ve isletmelerin
tamaminda elektrik giderlerinin yiiksek oldugu ve devlet desteklemelerinin yetersiz oldugu ifade
edilmistir.

Bu calismada Igdir ilindeki isletmelerin yapisal 6zellikleri ile karsilasilan teknik ve isletim problemleri
belirlenmis, isletmecilerin soguk hava ve tahil depolarinin insa asamasinda herhangi bir teknik destek
almadiklar tespit edilmistir.

1500 Tonluk Bugday Deposu Tasarimi1
Arastirma kapsaminda yapilan anket ¢calismasinda Igdir ve ilgelerinde en yaygin depo tipinin betonarme
yatay depo olmasi nedeniyle bu ¢alismada depo tipi olarak betonarme yatay depo se¢ilmistir.

Bugday deposu modellenmesinde yap1 elemanlarinin boyutlandirilmasinda alinacak yiiklerin hesap
degerleri (TS 498), betonarme yapilarin tasarim ve yapim kurallar1 (TS 500), gelik yapilarin tasarim igin
Amerikan AISC 360-10 (LRFD), TBDY 2018 yonetmelikleri kullanilmistir ve bu yonetmeliklere uygun
olarak hesaplama yapan ideCAD® Statik IDS v10 CAD tabanh Tiirkge programi kullanilmigtir.

Depo boyutsal ézelliklerinin ve yanal proje yiikiiniin belirlenmesi
Depolanacak taneli {iriiniiniin birim hacim agirlig1 700-830 kg m (Olgun, 2013) arasinda degistiginden,
projelemede 780 kg m- olarak alinmistir. 1500 ton depolama kapasiteli bugday deposunun hacmi;

G G  1500x103
y=—=V,=2=""=-1923m3
Vg y 780

Projelemede betonarme yatay depo genisligi 12 m, uzunlugu 36 m ve depo iist diizeyinden olan derinlik 5
m kabul edilirse iiriin y1gin yiiksekligi (Sekil 2);
Vi=axbxh—-1923m®=hx12mx 36 m - h = 4.5 m olarak belirlenmistir.
Uriin y1gin yiiksekligi h = 4.5 m olarak kabul edildiginden dikd&rtgen kesite sahip depolama yapusi igin
hidrolik yaricapa:

Alan axb 12 x 36

Cevre ~ 2(a+bh) _ 2036+12) ™

h =R oldugundan yiiksek depodur.

Bugdayin igsel siirtiinme agis1 ¢ =22.6°- 28° arasinda degistiginden 26° olarak ve statik siirtiinme katsayisi
degeri u = 0.425-0.492 arasinda degistiginden 0.460 olarak almmustir (Oztiirk ve Kibar, 2006).

Bitkisel iiriin depolarinda iiriiniin kendi agirligindan dolay1 yatay ve diisey yonde basinglar meydana
gelmektedir. Taneli iirtinlerin olusturdugu bu basinglarin hesaplanmasinda {irliniin yar1 akiskan bir
Ozellikte oldugu kabul edilmektedir. Bu calismada depo cidarina etki eden basinglar Kibar vd. (2006)
tarafindan gelistirilen bilgisayar programi kullanilarak belirlenen yiiksek depoya gore basinglar
hesaplanmis olup elde edilen basinglar [deCAD® Statik IDS programina aktarilmistir. IdeCAD® Statik IDS
programindan girilen basinglara gore elde edilen genel goriiniim Sekil 3’te verilmistir.
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Cizelge 1. Ankete katilan igletmelerin mevcut durumlar1 ve 6zellikleri.
Table 1. Current status and characteristics of the enterprises participating in the survey.

Anket Sorular isletmeler
Avcioglu Tannverdi TASU Soguk  VESEF Soguk  Toprak Tarim Kredi
Soguk Hava Soguk Hava Hava Deposu  Hava Deposu  Mahsulleri Kooperatifi
Deposu Deposu Ofisi
Deponun bulundugu koy Melekli Killiik Alikamerli Melekli Merkez Yayci
(kasaba)/ ilge
Deponun statiisii nedir? Ozel kurulus Ozel kurulus Ozel kurulus Ozel kurulus Kamu kurulusu Kooperatif
Deponun faaliyete 2012 2012 2007 2013 1954 1936
basladig: yil
Deponun proje durumu Projeli Projeli Projeli Projeli Projeli Projeli

Deponun kuruldugu alanin
topografik durumu

Ova (diiz alan)

Ova (diiz alan)

Ova (diiz alan)

Ova (diiz alan)

Ova (diiz alan)

Ova (diiz alan)

Deponun tipi Panel Betonarme Sogutmali Sogutmali Celik silo Betonarme
yatay panel panel yatay
Deponun kapasitesi ka¢ 2500 ton 1000 ton 2000 ton 1300 ton 4000 ton 200 ton
tondur?
Deponun kapasite kullanim 85 90 90 90 90 90
orani %
Depolanan  iiriin tiirleri Elma Nar, Kayisi, Elma, Armut, Elma, Armut, Bugday, Arpa Giibre, Bugday,
nedir? Elma, Armut Nar, Kayist Nar Misir tohumu,
Depolama siiresi 2-8 ay 2-8 ay 6 ay 2-8 ay Siiresiz Siiresiz
Depoda uygulanan Mekanik Mekanik Mekanik Mekanik Mekanik Dogal
havalandirma tipi
Cat1 egim agis1 9° 23° 13° 8° - 19°
Cat1 Tipi Besik Cat1 Besik Cat1 Besik Cat Besik Cat1 Silo Besik Cat1
Cat1 malzemesi Celik makas Celik makas Celik makas Celik makas Celik sac Ahsap
Ortii malzemesi Celik sac Celik sac Celik sac Celik sac Celik sac Celik sac
Duvar malzemesi Sogutma Paneli Sogutma Paneli Sogutma Paneli Sogutma Paneli Celik Biriket-Beton
Zemin kaplamasi Beton Beton Beton Beton Beton Beton
Depo bir kurulus deposu ise Evet Evet Evet Evet Evet Evet
ileriki yillarda depoculuk
faaliyetini siirdiirmeyi
diisiiniiyor mu?
Depo bir kurulus deposu ise Evet Hayir Evet Evet Evet Evet
ileriki yillarda depo sayisini
veya kapasitesini arttirmay
diisiiniiyor mu?
Depo bir kurulus deposuise 3 2 2 3 6 2
calisan  personel sayis1
kacgtir?
Depolama faaliyetleri Uretici Uretici Uretici Uretici Araci-tiiccar Depo sahibi
neticesinde en fazla kan
kim elde etmektedir?
Depodaki iiriinler kime ait? Depo sahibinin Depo sahibinin =~ Tamami Depo sahibinin Tamamidepo  Tamami depo
ve iireticinin ve {ireticinin ireticinin ve {ireticinin sahibinin sahibinin
v
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Cizelge 1. Devamu.
Table 1. Continue.

Anket Sorular igletmeler
Tasdemir Un  Aydin Ticaret Cinar Deniz Ticaret  Kocadeniz Harun Kaya
Degirmeni Vakumlu Slaj Ticaret
ve Musir Silosu
Deponun bulundugu koéy Tuzluca Merkez Karakoyunlu Merkez Merkez Kazkoparan
(kasaba)/ ilge Koyii
Deponun statiisii nedir? Ozel kurulus ~ Ozel kurulus ~ Ozel kurulus Ozel kurulus Ozel kurulus  Aile
Deponun faaliyete basladigi 2010 1976 2007 2003 1999 2006
yil
Deponun proje durumu Projesiz Projesiz Projeli Projesiz Projesiz Projesiz
Deponun kuruldugu alanin Egimli arazi Ova (diiz Egimli arazi Ova (diizalan) Ova (diizalan) Egimli arazi
topografik durumu alan)
Deponun tipi Betonarme Betonarme Panel ve Celik ~ Betonarme Betonarme Tas duvar
yatay yatay silo yatay yatay
Deponun Kkapasitesi ka¢ 50 ton 100 ton 3000 ton 15 ton 35 ton 200 kg
tondur?
Deponun kapasite kullanim 85 90 90 90 90 95
orani %
Depolanan iiriin tiirleri Bugday, Arpa  Bugday, Arpa Misir Bugday, Arpa  Bugday, Bugday,
nedir? Arpa Arpa, Patates,
Sogan
Depolama siiresi Siiresiz Siiresiz 6ay Siiresiz Siiresiz 4ay
Depoda uygulanan Dogal Dogal Mekanik Dogal Dogal Dogal
havalandirma tipi
Cat1 egim agis1 11° 9° 23° - 9° -
Cat1 Tipi Besik Cat1 Besik Cat1 Besik Cat1 Beton Besik Cat1 Beton tavan
Cat1 malzemesi Ahsap Ahsap Celik makas Beton Ahsap Beton
Ortii malzemesi Celik sac Celik sac Celik sac Beton Celik sac Beton
Duvar malzemesi Briket-Beton Briket-Beton = Prefabrik-Celik  Briket-Beton Briket-Beton Tas
Zemin kaplamasi Beton Beton Beton Beton Beton Beton
Depo bir kurulus deposuise Evet Evet Evet Evet Evet -
ileriki yillarda depoculuk
faaliyetini siirdiirmeyi
diisiiniiyor mu?
Depo bir kurulus deposuise Evet Hay1r Evet Evet Evet -
ileriki yillarda depo say1sin1
veya kapasitesini arttirmay1
diigiiniiyor mu?
Depo bir kurulus deposuise 2 2 13 3 3 -
calisan  personel  sayis1
kactir?
Depolama faaliyetleri Depo sahibi Depo sahibi ~ Depo sahibi Depo sahibi Depo sahibi Depo sahibi

neticesinde en fazla kan
kim elde etmektedir?

Depodaki iiriinler kime ait?

Tamami depo
sahibinin

Tamami depo
sahibinin

Tamami depo
sahibinin

Tamami depo
sahibinin

Tamami depo
sahibinin

Tamami1 depo
sahibinin
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Sekil 2. Bugday deposuna ait boyutsal veriler.
Figure 2. Dimensional data of the wheat warehouse.

DEPO IZOMETRIK GORUNUS

Sekil 3. 0. Bugday deposu genel goriiniimii.
Figure 3. Wheat warehouse general view.

Tasarlanan Depo Geometrisine Iligkin Yap: Bilesenleri
1. Siitun: Yapi bileseninin isareti kisaltilmis olarak bu siituna yazilir (Cizelge 2).

Cizelge 1. Is1 kayb1 hesabinda yapi bilesenleri igin kullanilan semboller.
Table 2. Symbols used for building components in heat loss calculation.

isaret ifade
TP Tek Pencere
CP Cift Pencere
CA Cat1
DK Di1s Kap1
iK I¢ Kap1
BK Balkon Kapisi
BDD Bitigik D1s Duvar
KD Komsu Duvar
DD Di1s Duvar
iD I¢ Duvar
Ta Tavan
Do Doseme
———
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2. Siitun: Yap1 bilesenini yonii kisaltilmis olarak bu siituna yazilir.

Dogu =
Bati =B
Kuzey =
Gliney =
Kuzeydogu =KD
Kuzeybati =KB
Glineydogu =GD
Glineybati =GB

3. Siitun: Yap1 bileseninin kalinli$1 cm olarak yazilir.

Duvar ve doseme igin yap1 bilesenleri Sekil 4'te verilmistir.

Duvar kalinligy;

Dis siva kalinligi: 3 cm

Perde duvar kalinlig1: 32 cm

Is1 yalitim1 (Extrude polistren koptik): 10 cm

I¢ siva kalinligt: 3 cm olmak {izere biitiin yonlerdeki duvar kalinligi 48 cm’ dir.

Déseme kalinligy;

Grobeton: 10 cm

Tesviye betonu: 3 cm

Astar bittimii: 2 cm

Iki kat su yalitmi1 membrani: 4 cm
Tesviyeli koruma betonu: 5 cm

Radye temel: 40 cm

Extrude polistren set kopiik levha: 4 cm
Polivinil ortii: 1 cm

Grobeton: 5 cm

Politiretan esasli malzeme: 0.5 cm
Tesviye betonu: 3 cm olmak tizere toplam doéseme kalinligi 77.5 cm’ dir.,

Cat1 kalinligy;
Catida kullanilacak malzeme 6 cm kalinliginda poliiiretan sandvig panel olarak segilmistir.

Kap1 kalinligy;
Kullanilacak kap1 5 cm kalinliginda segilmistir.

Pencere kalinligy;
Pencere kalinlig1 0.3 cm” dir.

4. Siitun: Hesab: yapilan yondeki yap1 bileseninin uzunlugu “m” olarak yazilir.

Siitunlar hesaplanirken ilk dokuz siitun igin yapilan hesaplamalarda 0Ol¢ii degerleri Sekil 5 - 7 den

alinmustir.
Burada,
DD, D: 36.80 m DK, G: 5.00 m CA, G: 1240 m
DD, B: 36.80 m TP, D: 0.40 m CA, K 1240 m
DD, K: 12.80 m Do6:13.10 m CA:36.25m
DD, G: 12.80 m olarak alinmigtir.

—
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Sekil 4. Duvar ve déseme i¢in kullanilan yap1 elemanlarinin gosterimi.
Figure 4. Representation of building elements used for walls and floors.
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Sekil 5. Dogu cephesi goriinimdi.
Figure 5. East side view.
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Sekil 6. Giiney cephesi goriintimii.
Figure 6. South side view.
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TEMEL APLIKASYON PLANI

Sekil 7. Temel aplikasyon plani.
Figure 7. Basic application plan.

5. Siitun: Hesab1 yapilan yondeki yapi bileseninin “m” olarak yiiksekligi veya genisligi yazilir. Depoya
ait olctiler Sekil 5-7’ den alinmgtir.

Burada;
DD, D: 5.135m DK, G: 3.50 m CA,G:2.89 m
DD, B: 5.135m TP, D: 0.40 m CA,K:2.89m
DD, K: 5.135 m Do6: 37.10 m
DD, G: 5.135m CA:12.40 olarak alinmistir.
Alan hesaby;

6. Siitun: Toplam alan1 bulabilmek igin 4. ve 5. siitunlar ¢arpilip bu siituna yazilir (m?)

DD, D: 36.80 x 5.135=188.97 m Dé: 13.10 x 37.10= 486.01 m
DD, B: 36.80 x 5.135=188.97 m CA: 12.40 x 36,25= 449,50 m
DD, K: 12.80 x 5.135= 65.73 m CA, G 12.40x2.89=17.92 m
DK, G: 12.80 x 5.135= 65.73 m CA K: 12.40x2.89=17.92 m
TP, D: 0.40 x 0.40=0.16 m olarak hesaplanir.

7. Siitun: Miktar olarak tanimlanan bu siituna 6. stitunda hesab1 yapilan alandan kag adet oldugu yazilir.
Ornegin pencere gibi aym boyuta sahip alanlarda, pencereden sadece birinin alan 6. siituna yazilir. Bu
esit alanli pencerelerden kag adet varsa deger 7. siituna yazilir.

Burada;
DD, D: 1 adet DK, G: 1 adet CA,G:2.89 m
DD, B: 1 adet TP, D: 9 adet CA,K:289m
DD, K: 1 adet Do: 1 adet
DD, G: 1 adet CA:1adet olarak hesaplanir.

8. Siitun: Duvar alani hesaplanurken duvardaki pencere ve kapi gibi alanlar cikartilarak net duvar
alaninin bulunmas: amaglanmistir. Bir onceki satirlarda ¢ikarilacak alanlar yazilarak, duvar alani
hesab1 yapilirken ¢ikarilacak alanlarin ¢ikarilmasi gerekir. Cikarilan alan olarak taninan bu siituna bir
onceki satir veya satirlarin 6. siitundaki deger veya toplam deger yazilir.

Burada;

——
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DD, D duvarinda bulunan yaricap: 20 cm olan 9 adet dairesel pencerenin yiizey alani hesaplanacaktir.
Yiizey alani asagida verilen esitlik yardimiyla hesaplanmstir.

A =nr? = 1.13m? olarak hesaplanmusgtir.

DD, G duvarinda bulunan giris kapisi alan1 hesaplanacaktir. Giris kapis1 alan1 asagida verilen esitlik ile
hesaplanmistir.

A =axb=350x5.00 = 17.50 m* olarak hesaplanmustir.
Burada;

a: kisa kenar (m)

b: uzun kenar (m)

Do, depo temeline yerlestirilen 8 adet hijyenik gofrajli havalandirma kanalinin yiizey alan1 asagida verilen
esitlik ile hesaplanmstir.

A =axb+bxc=01x0.25+0.25x12.6 = 3.175x 8 = 25.4m? olarak hesaplanmigtir.
Burada;

a: kisa kenar (m)

b: uzun kenar (m)

¢: havalandirma kanalinin boyu (m)

9. Siitun: 6. siitunda yazilan toplam alandan 8. siitunda yazilan alan ¢ikarilir. Hesaba girecek net
duvar alani bu siituna yazilir.

DD, D: 188.97-1.13 =187.84 m? Do: 486.01-25.40 = 460.61m?
DD, B: 188.97-0.00 = 188.97 m? CA: 449.50-0.00 = 449.50 m?
DD, K: 65.73-0.00 = 65.73 m? CA G 17.92-0.00 = 17.92 m?
DK, G: 65.73-17.50 = 48.23 m? CA K 17.92-0.00 = 17.92 m?
TP, D: 0.16-0.00 = 0.16 m? olarak hesaplanir.

Yap: Elamanlarinin Materyal Boyut Secimi ve Geometri Kontrolii

Bu boliimde betonarme yatay bugday deposu i¢in materyal se¢imi, yap1 elamanlarinin boyutlandirilmasi
ve yonetmeliklere uygun geometri kontroliiniin yapilmasi agiklanmistir.

1. Materyal secimi

Bugday deposu igin statik materyal olarak C30 beton ve 5420 celigi ve celik ¢at1 makasi i¢in 5235 ¢eligi
kullanilmustir. 5235 celiginin akma dayanimi 2353596 MPa, kopma dayanimi 37000 tf m, elastisite modiilii
21000000 tf m?2, poisson oraru 0.3, birim hacim agirlig1 7.849 tf m2 olarak alinmistir.

2. Program analiz ayarlan
e  Genel ayarlar

Genel ayarlar sekmesinde deprem yonetmeligi TBDY 2018, deprem yiikii hesaplama yontemi olarak Mod
Birlestirme Yontemi ve rijit diyafram olarak Tam rijit diyafram (matematiksel rijit diyafram model)
secilmistir.

e TBDY 2018 se¢enekleri

Bina kullanim sinifi, bina 6nem katsayisi, bina tagiyici sistemi, siineklilik diizeyi, deprem hareket diizeyi,
eksantriste orani ve tasiyici sistem davranis katsayist gibi TBDY secenekleri bu sekmede segilmistir.

e TBDY 2018 tasarim spektrumu

Bu sekmede bugday deposunun insa edilecegi zemin sinifi, konumu ve spektrum degerleri segilmistir.
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e  Asamali insaat hesabi1
Asamali ingaat hesabi sekmesinde programin belirlemis oldugu degerler disinda herhangi bir
degisiklik yapilmamustir.

o Is1yiikleri
Bu sekmede tiim yapi igin tek 1s1 fark: dikkate alinmistir.

e  Riizgar yiikii
Riizgar yiikii, bu sekmede yap1 tipi secildikten sonra program tarafindan TS 498 e gore
hesaplanmustir.

e Temel ve Zemin
Bu sekmede bina ve bina tiirii yapilar igin parsel bazinda diizenlenecek zemin ve temel etiidii
(geoteknik) degerlendirme raporuna gore zemin birim agirligl, yatak katsayisi, zemin tasima giicii
degerleri programa aktarilmstir.

e  Yiik ve Giivenlik
Bu sekmede hesaplanmis hareketli ve sabit yiik degerleri programa aktarilmistir.

e  Giiclendirme
Burada yapiyla ilgili analiz tipi, yapinin bilgi diizeyi, deprem asilma olasili1, hedeflenen performans
diizeyi, analiz kapsami ve etkin rijitlik hesaplama yontemi gibi secenekler isaretlenmistir.

e Diger
Analiz ayarlar1 diger sekmesinde rapor alirken projede yonetmeliklere gore uygunluk kontrolii yap,
analiz segenekleri ve cevresel etki sinifi gibi secenekler belirlenmistir.

3. Yapi elamanlar1 boyut se¢imi

e Temel boyutunun secilmesi
Temel zemin yiizeyinden itibaren 40 cm olarak se¢ilmistir.

¢ Kolon boyutunun secilmesi
Asagida verilen sekilde kolon ayarlarina ait genel ayarlar sekmesinde kolon boyutlandirilmasi
yapilmistir.

e Perde duvar boyutunun secilmesi

Perde duvar boyutlandirilirken minimum perde duvar kalinlig: kat yiiksekliginin 1/16" sindan az
olamaz (TBDY 2018, 2018). Bu nedenle perde kalinlig1 32 cm segilmistir.

¢ Celik konstriiksiyon elamanlarinin segilmesi

Celik ¢at1 elamanlar1 Amerikan AISC 360-10 (LRFD) yonetmeligine gore yeterli olacak minimum
kesitler se¢ilmistir.

Bugday Deposuna Etkiyen Yiiklerin Programa Aktarilmasi

IdeCAD® Statik IDS v10 programinda projelendirilen bugday deposuna etkiyen bugday yiikii ve kar yiikii
daha 6nceki boliimlerde hesaplanmistir. Bu boliimde programa harici veri girisi yapilmasi gereken yiikler
bugdayin yanal ve temele yapacag: diisey yiikii ile birlikte deponun gatisina etkiyen kar yiikii degerleri
olacaktir. Diger biitiin ytiikler ve yiik kombinasyonlari program tarafindan hesaplanarak yapiya etki
ettirilecektir.

¢ Bugday yiikii

Yap1 elamanlarindan perde ve kolonlara etkiyen yiikleme tipi, parametreleri ve gorselleri Sekil 8 - 11" de
verilmistir.
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Genel Ayarlar Genel : Boyutiar :

- o = - EC—
Statik/Betonarme Grup 2dk: [ ] Yikseklik : lL]
TBDY 2018 Sl tarana Cliiliisiisis) — KeokkX:

Renk : Kagkik Y : Iﬁ
Ist Parametreleri ) — —
T e EE—
ST ot X
Performans Analizi I V} Edikik : @

Mantolama

Rijitlik Azaltiimas:

Buyume sinirlari : [ ]Swva: Materyal :
Yapi Bilesenleri . Tek materyal O
] ; i # Yuzey grubu : 1 |
afa = ELT e
= [ Yuzey grubu : 4
# Yuzey grubu : 5
# Yuzey grubu : 6
Poligon Kolon
Sk kullandanlar... » Tamam iptal
Sekil 8. Kolon ayarlar1 sekmesi goriiniimii.
Figure 8. Column settings tab view.
Yok tipi : Yik parametreleri :
= F Deger 1: . | [tfjm3] —
il O Deder 2: o | [tfim3)
P
~ Alt mesafe (L1) : 0 | ]
Ust mesafe (L2) : l 0.5 ] [m]
n" =f'\F22 Agklama : [ Budday Yikil ]
(L= \F1 ® Yikleme durumu : H v
,,.-i? TR
—F2
|
@)
ﬁn
z1
Sekil 9. Paneller icin yanal yiik ekrani.
Figure 9. Lateral load screen for panels.
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Analiz Modeli -] Birimleri goster
Deformasyon [] Sicek carpar :
[ Yukler J Yiuk tipi =
Kesit Tesirleri Kullarua Tarumb Yakler ~
Perde Sonuclan
Filtre :
Asik Sonuclan
> i< -] bugiom noktas: yukleri O Momentler
Temel Sonuclan Eleman yukleri O Kuvvetier
Bl kabuk yukderi (@) ikisi birden
Kabuk Sonuclan
Betonarme Tasar... PASYO = |
H = !

Celik Tasanm

Sekil 10. Paneller ve kolonlar igin yatay yiik gorseli.
Figure 10. Horizontal load image for panels and columns.

x _ R Tamam
= - | iptal
Yiik tipi : Yik parametreleri :
Tamam
V3 Defer 1: 2.96 [tFfm]
iptal
v O o i
oo CO—
Deger 4: 0 [tFfm]
V3
v p— CE—
® Sol uzaklik 2 : 0 [m]
T w5 Saf uzakik 1: i)
Sad uzakik 2 : 0.5 )
r o Agkama [ 1
\ o Yikleme durumu : H v
¥y¥YY Y ¥
L2 R2 Koordinat sistem : Yon:
X
va V3 @ Global ®
i) vi | O Lokal @)
—_— — Oz
TTi2 R2'Ry o
Ozelikler Sil Hepsini Sil

Sekil 11. Kolonlar i¢in yanal yiik ekrani.
Figure 11. Lateral load screen for columns.
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Bugdayin temele etkiyen yiikii doseme ayarlar1 genel ayarlar sekmesinde asagidaki gibi gosterilmistir

(Sekil 12).
ﬁGeneI Ayarl;ar ‘ Genel : Boyutlar :
Dogeme adi : ‘m } Kalinhk : idOcm J
Dogeme rengi Kot : lO cm \

Yap: Bilesenleri

Yukler :

Kaplama adi: | Kullanict Tanimh (0 tf/m?) v

Q: Kullanict Tarumbi (3.47 tf/m? v
Sk kullandanlar... » Tamam iptal

Ddsemenin igini boya

[(] Bilesk materyal kullan :

(0]

DEFAULT_MATERIAL (0.100)

Sekil 12. Dégeme ayarlar: genel ayarlar sekmesi goriintimii.

Figure 12. Flooring settings general settings tab view.

Kar yiikii

Kar yiikii (Px) hesaplamalarinda alinacak yiik degeri, kar yagis1 artis kosullarina gore farkliliklar
gostermektedir. Kar yiikii miithendislik hesaplamalarinda hareketli yiik sinifina girmektedir.
Bunun bagli oldugu faktorler cografik ve meteorolojik sartlardir (Kar yagmayan yerlerde kar
yiikii hesap degeri sifir olarak kabul edilmektedir). 30°"ye kadar egimli ¢atilarda kar ytikii hesap
degeri (Py), kar yiikii (Po) degerine esit kabul edilmekte ve cat1 alaninin plandaki diizgiin yayilt

yiikii olarak dikkate alinmaktadir.
pk = Pkox mg

_ a — 30°

Ma =27 00

Bugday deposunun cat1 6rtii malzemesi hesaplamalarda oluklu sac olarak kabul edildiginden
cat1 egimi 18-33° arasinda degisecektir. Bu nedenle hesaplamalarda gat1 egim agis1 25° ve cat1 egim
agisina bagli olarak ma degeri 1.0 olarak alinmustir.

Kar yiikii (Pro) degeri, kar yagis yiiksekligine gore diizenlenmis harita ve Cizelgelerden
alinmistir. Igdir ili kar yagis yiiksekligi haritasinda II. Bolgede yer almaktadir. Ayrica Igdir ili
ortalama rakimi 800 ile 900 m arasinda degismektedir (Anonim, 2019a).

Dolayisiyla (Pxo) degeri, 0.85 kN m olarak secilmistir.
Buradan (Px) degeri;

Pk = PkOX mg

S
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Px = 0.85x 1 = 0.85 kN m? olarak hesaplanmistir.Kaplama ayarlar: statik sekmesine yukarida hesaplanan
kar yiikii hesap degeri girilmistir.

Bugday Deposu Analiz Sonucu Kesitlerin Yeterlilik Durumu

Program tarafindan yapilan analiz sonucunda betonarme ve gelik yap1 elamanlari igin tiim yetersizlikleri
gosteren ekran goriintiileri Sekil 13 ve 14’ te verilmistir. Burada kirmizi renk yetersizlik ve yesil renk
kesitlerin yeterli oldugunu gostermektedir. Ayrica catiya iliskin ¢at1 makas sistemi Sekil 15’ te verilmistir.
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Sekil 13. Betonarme tiim yetersizlikler ekran goériiniimii.
Figure 13. Reinforced concrete all deficiencies screen view.
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Sekil 14. Celik tiim yetersizlikler ekran goriiniimii.
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Figure 14. Steel all deficiencies screen view.
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Sekil 15. Depo ¢elik makas ¢izimi.
Figure 15. Warehouse steel truss drawing.
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SONUC

Bu calismada, Igdir ili, ilge ve koylerindeki bitkisel iiriin depolari ile ilgili anket calismasi yapilarak mevcut
durumlar1 arastirilmistir. Anket sonuglarina bagli olarak mevcut durumda yapilmis olan depolarin
eksiklikleri tespit edilmistir. Bu eksiklikler g6z oniinde bulundurularak bugday tahili i¢in 1500 ton
depolama kapasitesine sahip yatay bir betonarme deponun teknik verilere uygun sekilde planlanmasi
yapilmustir. Anket ¢alismalar1 sonucunda, arastirmaya alinan 12 bitkisel iiriin depolarinin %33.33" i soguk
hava depolar1 ve %8.33" i Toprak Mahsulleri Ofisi silolarinda tiriinlerin kontrollii olarak depolandig;,
ancak %58.33’ liikk kismu ile cogunlugu olusturan bitkisel {iriin depolarinin yillar 6nce yapildigi, projelerinin
bulunmadig1 tespit edilmistir. Koylerde tespit edilen aile tipi depolarin ilkel yollarla yapildig:
belirlenmistir. Yapilan teknik incelemelerde depo yapilarinin ¢ogunda cati egim agilarimin (9°-19°)
kullanulan cat1 malzemesi (ahsap) ve bolgenin ¢evre kosullarina uygun olmadigi, depolanacak tiriinlere
yonelik saglikli dogal ve mekanik havalandirmanin yapilmadigi, depolara yonelik su ve 1s1 yalitminin
saglanmadigy, {irlin depolanmasinin kisa siireli ve depo ortaminin saglikli olmadig: belirlenmistir. Cevre
kosullar1 ve depolanacak tiriinlerin karakteristik dzelliklerine uygun yapilmayan bu depolarda depolanan
bitkisel iiriinlerin yeterince korunamayacagi ve iriinlerin kalitelerinin iyi bir sekilde siirdiiriilmesinin
miimkiin olamayacag tespit edilmistir.

1500 ton bugday tahilinin depolama yapisinda emniyetli ve giivenli bir sekilde depolanabilmesi ve
depolama yapisinin servis Omriiniin uzun siireli olabilmesi i¢in 12 m genisliginde, 36 m uzunlugunda, 5 m
duvar yiiksekliginde, cat1 egim acis1 25° ve cat1 yiiksekligi 2.89 olacak sekilde tasarlanmistir. Tasarimi
yapilan bu depoda perde duvar kalinlig1 32 cm olmak {izere toplam duvar kalinligi 48 cm, 40 cm radye
temel olmak {izere toplam doseme kalinli1 77.5 cm, catida 6 cm kalinhiginda politiretan sandvi¢ panel
kullanilmis olup 5 cm kalinliginda kapi (5 x 3.5 m) ve 0.3 cm kalinliginda pencereler kullanilmistir.

CIKAR CATISMASI
Yazarlar arasinda herhangi bir ¢ikar ¢atismasi yoktur.

YAZAR KATKISI
Yazarlar makaleye esit oranda katki saglamigslardir.
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Kisaltmalar

Deponun genisligi, m

Yiizey alani, m?

Deponun boyu, m

Deponun kapasitesi, ton

Uriin y1gin yiiksekligi, m
Depo yan duvar yiiksekligi, m

Cat1 egimine baglh azaltma degeri

Piiiiiiiiiiiiiieiie Kar yiikii hesap degeri, kN m?
Pio e Kar yiikii, kN m?
) N Yarigap, m
R Depo hidrolik yarigapr , m
| 2 TN Deponun hacmi, m?
L o Cat1 egimi, derece
Y e Birim hacim agirligi, kg m3
D e, Igsel siirtiinme agisi, derece
———
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Bugday Deposu Tasarimi: Havalandirma Sistem Tasarimi ve Birim Fiyat Analizi-IT*
The Design of Wheat Warehouse: Ventilation System Design and Unit Price Analysis-II
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Oz: Havalandirma, depolanan tahilin korunmast igin yaygin olarak kullarulan bir yéntemdir. Bu teknoloji, tiriin depolama yapisiin
mikro iklimini degistirmek; tahilda zararli organizmalarin gelismesi i¢in elverigsiz tahil kalitesinin siirekli korunmas: i¢in uygun
kosullar yaratmak icin kullanilir. Mevcut durumda yapilmis olan depolarin eksiklikleri goz 6niinde bulundurularak bugday {iriinii
icin 1500 ton depolama kapasitesine sahip yatay bir betonarme deponun teknik verilere uygun sekilde havalandirma sisteminin
tasarlanmasi ve yaklasik maliyetinin belirlenmesi amaglanmistir. Calisma sonucunda emniyetli ve giivenli bir depolama icin depo
ortam sicakliginin optimum durumda saglanabilmesi icin 73164.99 W’ lik toplam 1s1 ihtiyaci belirlenmistir. Toplam sogutma ihtiyaci
ise 105157.42 W olarak hesaplanmistir. Projelemesi yapilan bugday deposunun 2022 yilina ait birim fiyatlarma gore KDV dahil
yaklasik Mekanik sistem (havalandirma, klima santrali ve otomasyon) maliyeti 586052.90 b, Elektrik tesisat1 yaklagik maliyeti
195145.39 #, Insaat yapi elemanlar1 yaklagik maliyeti 2334272.79 & olmak iizere toplam yaklagik maliyeti 3115471.08 & olarak
belirlenmistir.

Anahtar Kelimeler: Igdir, bugday, depolama, havalandirma, yaklasik maliyet

&

Abstract: Ventilation is a widely used method of preserving stored grain. This technology is used to change the microclimate of the
product storage structure, to create unfavorable conditions for the development of harmful or harmful organisms in the grain, and
to create favorable conditions for the constant preservation of grain quality. Considering the shortcomings of the existing
warehouses, it is aimed to design the ventilation system and determine the approximate cost of a horizontal reinforced concrete
warehouse with a storage capacity of 1500 tons for wheat grain in accordance with the technical data. As a result of the study, a
total heat requirement of 73164.99 W was determined in order to ensure the optimum ambient temperature of the warehouse for
safe and secure storage. The total cooling need is calculated as 105157.42 W. According to the unit prices of the designed wheat
warehouse for 2022, the approximate cost of the Mechanical system (ventilation, air conditioning plant and automation) including
VAT is 586052.90 1, the approximate cost of the electrical installation including VAT is 195145.39 b, the approximate cost of the
construction elements including VAT is 2334272.79 }, and the total approximate cost including VAT is 3115471.08 .
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Bugday Deposu Tasarimi: Havalandirma Sistem Tasarimi ve Birim Fiyat Analizi-II

GIRIS

Dayanikli tarim {iriinlerinin (tahil ve bakliyatlar) depolama sirasinda korunmasini etkileyen birden fazla
faktor etkili olup bu faktorler de birbiriyle iligkilidir. Ister yiiksek teknolojili yatay depolar ve silolar, ister
jit cuvallarda evde depolanmis tahil olsun, tiim depolama kosullar1 ortaktirlar. Yapilacak depolamay:
gelistirmek i¢in etkili olan faktorlerin etkilesimlerini iyi anlamak i¢in depolama yapis1 bir ekosistem olarak
kabul edilir. Ekosistemin bilesenleri: depolanmis tahil — baslica biyotik faktor; depolama yapis1 — abiyotik
faktor; sicaklik — abiyotik dis ve i¢ faktor; nem — abiyotik dis ve i¢ faktor; depolama atmosferi — abiyotik
dis ve i¢ faktér; havalandirma - abiyotik dis ve ic¢ faktor; bocekler - biyotik dis ve i¢ faktor;
mikroorganizmalar — biyotik dig ve i¢ faktor; yabanci madde — abiyotik i¢ faktordiir (Calderon, 1981). Bu
calisma kapsaminda depolamada etkili olan depo ekosistem bilesenlerinden havalandirma faktorii
incelenmistir.

Havalandirma, uygun kalitedeki ortam havasinin veya uygun sekilde sartlandirilmig havanin, tahilin
depolanabilirligini iyilestirmek igin bir tahil yigii icerisinden cebri hareketi olarak tanimlanabilir
(Calderon, 1972; 1974). Havalandirma, ortam havasim iletmek ic¢in fan giicii kullanildigindan aktif,
mekanik, diisiik hacimli veya zorunlu havalandirma olarak da adlandirilir.

Havalandirmanin amaci, depolanan y1gin veya istif halindeki tahilin durumunu korumalk, iyilestirmek ve
siirdiirmektir. Havalandirma, depolanan tahilin bozulmasini 6nleyecek yeni bir mikro iklim iiretilene
kadar arzu edilen veya segilen 6zelliklerdeki havanin bir tahil yigini iginde hareket ettirilmesiyle saglanir.
Havalandirma, depolama kosullarini iyilestirmeyi amaglasa da, genellikle tahilin kalite ozelliklerini
iyilestirmeyi degil, tahilda zararli veya zararli organizmalarin gelismesi i¢in elverissiz kosullar yaratmak;
ve tahil kalitesinin stirekli korunmasi igin uygun kosullar yaratmay1 hedeflemektedir (Kibar vd., 2015).

Farkli Ozelliklerdeki hava ile havalandirmanin depolanan tahil {izerinde farkli etkileri oldugundan,
depolama kosullar: gesitli sekillerde iyilestirilebilir. 1yile§tirme, havalandirma i¢in kullanilan havanin
ozelliklerine ve tahilin mevcut durumuna veya Ozelliklerine baglidir. Bu nedenle, bir havalandirma
sistemini ¢alistirmadan Once, havalandirmamin tahil tizerindeki etkisini anlamak Onemlidir. Siireg
hakkinda énceden bilgi sahibi olmadan, iyilestirilmis depolama kosullarindaki faydalar tahmin edilemez.
Herhangi bir havalandirma sistemini ¢alistirmanin 6zel hedefleri, ¢alistirmadan 6nce net olmalidir. Bu
hedefler, havalandirmanin tahil y1gini {izerindeki etkilerine gore tahil yigininin sogutulmasi, tahil y1gim
boyunca sicakligin dengelenmesi, nemli tahilda biyolojik 1sinmanin 6nlenmesi, stnirli kurutma, kokularin
ve fumigant kalintilarinin giderilmesi gibi tanimlanabilir (Navarro ve Noyes, 2001; Golob vd., 2008).

Havalandirmanin depolanan tahil iizerindeki etkileri, tahil yigiminin, tahil, mikroflora ve bdceklerin
biyotik bilesenler oldugu bir ekosistem olarak goriilmesiyle daha iyi gosterilebilir. Onemli depolama
kayiplarina genellikle uygun nem kosullar1 nedeniyle mikroflora neden olur ve 6nleyici kontrol 6nlemleri
alinmazsa bocek istilasi yikici etkiye neden olabilir. Depolanan tahilin ekonomik kayiplariin %1 - %50
arasinda degistigi tahmin edilmektedir (Sinha ve Muir, 1973). Bu kayiplar, tahil ve ortam kosullarindan
etkilenen ekosistem bilesenleri arasindaki etkilegsimlerin bir sonucu olarak diisiintilmelidir. Sistemin
biyotik ve abiyotik bilesenleri arasindaki etkilesimler, her bilesenin siirekli olarak digerlerini etkiledigi
dinamik bir durumdadir. Bu ekosistemde havalandirmanin rolii, tahil yigim boyunca uygun kalitede
havayr hareket ettirerek tahil yigimmindaki mevcut kosullar1 iyilestirmek icin depolanan tahili
sartlandirmaktir.

Baslangicta diisiik tekdiize nem igeriginde yigin halinde depolanan tahilin zamanla deponun bazi
yerlerinde nem igeriginde artislar meydana gelmesi olas1 bir durumdur. Bu durumda, depo duvarlarinin
yakinindaki tahil ile depoyu ¢evreleyen ortam havasi arasindaki sicaklik farkindan kaynaklanan diisiik
hava akisi hizinin ortaya ¢ikmasina neden olur. Ortaya ¢ikan bu dogal konveksiyonlu hava akimlari,
deponun iist merkezindeki 0.3 ila 0.5 m kalinligindaki tane tabakasinda tahilin yogunlasmasina ve
kabuklanmasina yol agmaktadir. Dogal tagsinimin zararl etkileri, tahil ve hava arasindaki sicaklik farki en
aza indirerek onlenebilir. Bu, ortam havasinin depolanan tahil boyunca diisiik akis hizinda aralikli olarak
hareket etmesi olan havalandirma isleminin amacidir (Navarro ve Noyes, 2001). Bir havalandirma sistemi,
fan, hava besleme kanali, haznede (veya delikli bir zeminde) bulunan havalandirma kanallarindan ve bir

——
Uluslararas: Tarim ve Yaban Hayat1 Bilimleri https://dergipark.org.tr/tr/pub/ijaws

303



https://dergipark.org.tr/tr/pub/ijaws

Kiirsat MAMAN, Hakan KIBAR

havalandirma kontroldriinden olusur. Fanlarin manuel kontrolii emek yogun ve hatali oldugundan
havalandirma sistemi otomatik olarak kontrol edilmelidir. Gelismis kontrolor sistemleri bilgisayar
tabanlidir ve ortam sicakligini ve bagil nemini 6l¢mektedir. Daha az karmasik kontroldr sistemleri, fan
calistirma kararlarimi yalnizca hava ve tahil sicakliklarina veya yalmizca ortam havasinin bagil nemine
dayandirarak yapmaktadir (Moriera ve Bakker-Arkema, 1992; Driscol, R. 1996; Montross vd., 1999).

Tiirkiye'nin farkli bolgelerinde depolama yapilarinin kosullari, mevcut durumlari ve sorunlarinin
¢oziimiine yonelik ¢alismalar yapilmistir (Sisman, 2003; Tutar, 2010; Kibar, 2011; Kibar ve ark., 2015,
Gengoglan vd., 2018). Bu calismalarda anket ¢alismalar1 yapilarak ildeki depolama yapilarinin mevcut
durumu ortaya konulmus, tespit edilen sorunlara yonelik olarak yorenin iliskin iklim kosullar1 dikkate
almarak projeler gelistirilmis ve ¢oziimler iiretilmeye calisilmistir. Ancak {iretim miktarlarinin artmasi ile
depolama ihtiyaglar1 da artis gostermektedir. Bu nedenle zaman icerisinde ortaya ¢ikabilecek degisimlerin
takip edilebilmesi ve iilkenin gida arz giivenliginin saglanabilmesi i¢in gelecege yonelik planlamalarin
yapilmas1 gerekmektedir. Yapilacak calisma ile depolanan {iriinlerde ortaya c¢ikabilecek olasi kalite
kayiplari da en aza indirilerek y1l boyunca piyasaya iiriin arz1 saglanabilecektir.

Bu calismanin amaci, Igdir ilinde yapilacak depolarda, iiriinlerin saglikli sekilde korunarak kaliteli ve
saglikli bir tiriin devamlilign igin ikinci boliim olarak iklim kosullarina uygun 1500 ton depolama
kapasitesine sahip betonarme yatay bir depolama yapisinin havalandirma sisteminin projelendirilmesi ve
yaklasik maliyetinin belirlenmesidir.

MATERYAL VE METOT

Dogu Anadolu Bolgesinin en dogusunda Erzurum-Kars boliimiinde bulunan Igdir ili 39° 38' - 44° 03' kuzey
enlemleri ile 44° 49' - 45° 31' dogu boylamlari arasinda yer almaktadir. {lin yiizélgiimii 3588 km? dir. Kuzey
ve kuzeydogu smirin1 Aras nehri ve bu nehrin yatagi boyunca gegen Ermenistan sinir1 tegkil etmektedir.
Igdur ili gevresindeki yiiksek alanlardan tamamen farkli olarak yar1 kurak ve karasal bir iklime sahiptir. Bu
farkliliklar sicakligin yiiksek ve yagislarin az olusundan kaynaklanmaktadir. Aralik, Ocak ve Subat
aylarinin sicaklik ortalamasinin fazla diisiik olmamasi nedeniyle kis mevsimi diger Dogu Anadolu Bolgesi
illerine gore fazla soguk gecmemektedir. Bolgenin en 6nemli bitkisel iiretim alanlarindan biri olan Igdir
ovasinin mikroklima 6zelliginden dolay1 turuncgiller hari¢ hemen hemen tiim tarla ve bahge bitkileri
driinleri yetistirilebilmektedir.

Calismada Igdir ili ekolojisine uygun yaklasik 1500 ton depolama kapasitesine sahip 12 m genisliginde 36
m uzunlugunda ve 5 m ytiikseklige sahip betonarme yatay deponun 1s1 kaybi, havalandirma sisteminin

tasarimi ve 2022 birim fiyatlarina gore yaklasik maliyeti hesaplanmistir.

BULGULAR VE TARTISMA
Is1 Kaybinin Hesaplanmasi

Is1 Gegirme Katsayisinin Hesaplanmast
Bitkisel {iriin deposu yap1 elemanlarinin 1s1 gecirme katsayilar1 hesaplamalarinda TS 825 (2008) binalarda
1s1 yalitim kurallar: standardi gizelge degerleri kullanilmistir.

o iklimsel veriler

a) D1s Ortam

Igdir iline ait dis ortam sicaklik degerleri TS 2164 (1983)" e gore Ta =-18 °C olarak alinmistir.
b) I¢ Ortam

Bitkisel {irtin deposunda depolanacak bugday iiriiniine ait ideal i¢ ortam sicaklig1 Ti =5 °C olarak kabul
edilmistir.

Depolama yapisina iliskin 1s1 kayb1 asagida belirtilen esitlik yardimiyla hesaplanmistir.
1

U =

T, L, b Lo L, T
Gt LT, T
——
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1 1 1
Denklemde — =— ; — = — olarak alinmstir.
a; 7.7 aq 25

1. D1s duvar 1s1 kaybi katsayisi:

Perde beton L=32cm, A=25Wm iK1
Is1 yalitimi (Extrude polistren kopiik) L=10cm, A=0.03Wm K1
Dig siva L=3cm, A=16Wm iK1
I¢sva L=3cm, A=1l6Wm iK1
U 0.27 Wm™2K™1
2. Kapu:
Metal kap1 L=5cm, A=4Wm tK™?
U 548 Wm™2K™!
3. Pencere:
Metal pencere L=0.03 cm, A=4Wm iK1
U 5.63 Wm™2K~!
4. Catr:
Politiretan dolgulu sandvig panel L=6cm, A=2.92 W m1K1
U 5.25Wm™2K™!

5. Temel 1s1 kaybi katsayisi:

Ta =-18 °C dis ortam sicakligina gore doseme alt1 toprak sicaklig: +3 °C” dir (TS 825, 2008).

Grobeton L=10cm, A=1.65Wm 1K1
Tesviye betonu L=3cm, A=0.70 Wm™1K1
Astar bitiimii L=2cm, A=0.19 Wm™ 1K1
Iki kat su yalitim1 membrani L=4cm, A=0.19 Wm 1K1
Tesviyeli koruma betonu L=5cm, A=1.65Wm iK1
Temel L =40 cm, A=250Wm 1K1
Ext. Pol Sert Kopiik levha(XPS) L=4cm, A=0.03Wm~ iK1
Polivinil ortii L=1cm, A=023Wm 1K1
Grobeton L=5cm, A=1.65 Wm™1K~?
Tesviye betonu L=3cm, A=0.7Wm 1K1
Poliiiretan esasli malzeme (PU) L=05cm, A=0.23Wm™tK~?
U 0.44 W m2K1

Mekanik Havalandirma Sisteminin Hesaplanmasi

Havalandirma Kanal Sayis1 ve Aralig

Kanal _ Depo uzunlugu(m) 36 8
anaisayist = Tahil derinligi (m) ~ 4.5

buradan 8 adet havalandirma kanal1 se¢ilmistir.

. — Depo uzunlugu (m) 36
Kanal araligi (m) = Tahil derinligi (m) = Kanal say1si =5 = 45m

Kanal aralif1 (m) 4.5
2 S 2

Kenar duvardan kanal duvarina mesafe (m) =

Kenar duvardan kanal duvarina olan mesafe = 4.5/2 = 2.25 m olarak hesaplanmuistir.

——
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Hava Akimi Oram
Yatay depolarda 6-12 (m®h') ton” luk hava akimi orani kullanilir. Daha fazla hava akimi oranlar: tahili
hizli sogutacagindan ekonomik olmadigi belirtilmistir (Navarro ve Noyes, 2001).

Statik Basing Gereksinimlerinin Hesaplanmast
Hava akimi orani 3-6 (m®h) ton! ve 4.5 m yiiksekligindeki bugday tahili i¢in statik basing 250-300 Pa
olarak alinmistir (Navarro ve Noyes, 2001).

Kanallardaki Hava Hizlarimin Hesaplanmast

Havalandirma kanalindaki siirtiinme kaybini en aza indirmek i¢in kanalin ¢apiyla hava hizi arasinda bir
iligki saglanmalidir. Havalandirma kanalinda en yiiksek hizin 600 m min" veya bu esik degerin altinda
olmasi gerektigi Navarro ve Noyes, (2001) tarafindan bildirilmistir.

Hava Girigi ve Cikisinin Hesaplanmasi
Burada depo genisligi kolon aksindan itibaren distan disa Ol¢iilmiistiir. Depo net genisligi 1200 cm
olduguna gore;

ax h;au
Kafa boslugu =axbx (H—h) +bx

=12x36x0.5+36x6x2.89 = 216 + 645 = 861 m® olarak hesaplanmigtir.

861 x 6 = 5166 m> h' ve 861 x 8 = 6888 m?h' (86.1 - 114.8 m?® min') dagitabilen u¢ duvar ¢ikis fanlar
kullanilmalidir.

Havalandirilacak Tahil Miktarimin Hesaplanmasi
Bugday deposunda depolanacak tiriiniin y181in yiiksekligi 4.5 m olduguna gore;

Depolanacak bugday hacmi V;=4.5 x 12 x 36 = 1944 m?’ diir.

Kanal Kesit Alanin1 Hesaplanmasi
Thtiyag duyulan toplam hava akimi = 1500 ton x 3 (m?h) ton"! = 4500 m*h-! = 75 m? min!

Thtiyag duyulan toplam hava akimi = 1500 ton x 6 (m?h) ton! = 9000 m*h! = 150 m3 min!
Ortalama Thtiya¢ duyulan toplam hava akimi = 112.5 m? min-!
Depoda 8 kanal kullanilacagindan kanal bagina 112.5/8=14.06 m® min hava akim diiser.

_ Q(m®/min)  14.06

= = = 0.0234 m? = 234 cm?
V(m/min) _ 600 m cm

A (m?)

Yarim daire kanallarin kullanilmas: durumunda, tam daire alani 234 x 2= 468 c¢m? olur. Tam daire alani
A = ntr? oldugundan;

r= \E = /% = 12.205 cm bulunur. Buna en yakin kesit alan1 piyasada satis1 yapilan 250 cm? hijyenik
dikdortgen kesitli kanallar secilmistir.

Fan Giicii Gereksiniminin Hesaplanmasi
Sekil 1’ de bugday i¢in hava akim orani 3 (m3?h) ton ve y1gin yiiksekligi 4.5 m oldugunda 100 ton basina
0.05 kW bulunur. 1500 ton igin 0.75 kW veya 750 W.

6 (m3h1) ton! hava akim orani ve 4.5 m y1g1n yiiksekligi i¢in 100 ton basma 0.1 kW bulunur. 1500 ton igin
1.5 kW veya 1500 W.

Secilecek fanlarin toplam giicii 750-1500 W arasinda olmalidir.
Formiillerden kafa boslugundaki havay1 atmak i¢in

Hava hacmi = 5166 - 6888 m3h! ~1.43-1.9m?s!

Basing = 250 - 300 Pa

——
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Fan giicii igin hesaplamalarda %50 statik etkinlikli bir fan kabul edilirse Fan Statik etkinligi = 0.5 olarak
alinmigtir (Navarro ve Calderon, 1982).

Hava Hacmi (m® s™") X basing (Pa) 1.9 x 300

= =1140W
Fan statik etkinligi 0.5

Fan giici (W) =

(m'/hVtonne

Statik basinc (Pa)

100 ton igin KW

200

4 5§ 6 78910 15 20 2 3 &
Yigmn viiksekligi (m)
Sekil 1. Hava akimi oranlarina bagh olarak bugday tahili statik basing degerleri (Navarro ve Noyes, 2001).
Figure 1. Wheat grain static pressure values depending on air flow rates.

Hava Dagitim Sistemlerinin Hesaplanmasi
En uzun hava akim yolunun en kisa hava akim yoluna orani 1.5:1 olarak alinir (Navarro ve Noyes, 2001).

Hava yolu uzunlugu oraninin 1.5:1 olarak alindig1 kontrol edilmeli ve Kanal 1" den en uzun yol, 2.25 m -
0.1225 (kanal genisliginin yaris1) 4.5 m yiikseklik = 6.62 m.

Tahil ylizeyine en kisa mesafe 4.5 m - 0.1225 m = 4.37 m’ dir. Hava yolu uzunlugu orani 6.62/4.37=1.51~1.5
tasarim talimatini karsilamaktadir.

Deponun genigligine paralel olacak sekilde, yan duvar ucundan 2.25 m’ den baglayan bina yan duvarindan
2.25m’ ye yerlestirilen ilk kanalin merkez hattindan delikli metal kanallar kullanilmigtir. Daha sonra kanal
2,3, 4,5, 6,7 ve 8. kanalin merkez hattindan uzak kenarin duvarina dogru 2.25 m birakilarak, merkez
hattindan bina genisligi boyunca 4.5 m araliklarla yerlestirilmelidir (Sekil 2).

——
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Sekil 2. Depo havalandirma kanali yerlesim plani.
Figure 2. Warehouse ventilation duct layout.

Is1 Kayb1 Hesabinda Cizelge Kullanimi
Is1 kaybi hesabinin yapilabilmesi icin Sekil 3" te verilen cizelgenin uygun sekilde hesaplanarak
doldurulmas gerekmektedir.

Sekil 3’ te verilen ¢izelgenin nasil hesaplandigina iliskin detayl1 agiklamalar asagida verilmistir.

Sekil 3’ te verilen 1,2,3,4,5, 6,7, 8 ve 9. siitunlara iligskin hesaplamalar: Igdir Iline Uygun Bugday Deposu
Tasarimi: Yapisal Tasarim-I baglikli makalede hesaplanmis oldugundan ilgili degerler bu makaleden
alinmugtir.

10. Siitun: Q, = A x U x AT esitligindeki U sembolii degerleri bu siituna yazilir.

Is1 gecirgenlik katsayilar1 6nceki boliimlerde hesaplanmustir.

DD, D: 0.27 W m2 K- DK, G: 5.48 W m2 K- CA, G: 525 Wm2 K1
DD, B: 0.27 W m2 K1 TP, D: 5.86 W m2 K CA, K: 525 W m2K-!
DD, K: 0.27 W m2 K+ D6: 0.44 W m2 K1
DD, G: 0.27 W m2 K- CA:5.25 Wm2 K1

11. Siitun: Dis ortam sicakliklar1 ve tesisat projelerinde kullamilan i¢ ortam sicakliklar ilgili
cizelgelerden alinmistir. AT = (Ti - Td) formiiliiyle hesaplanarak bu siituna yazilir.

Igdur ili icin dis sicaklik degeri TS 2164 (1983)" ten -18 °C olarak alinmustir.

Tahillarin depolanmasinda 6nemli faktorlerden olan sicaklik, eger yiiksek degerlere ulasirsa bocek
gelisimi igin uygun ortam yaratilmis olur. Boceklerin yasamsal aktiviteleri igin 30 - 40 °C sicaklik degerleri
idealdir. Ancak sicaklik 25 °C’ ye indirildigi zaman boceklerin islevselligi azalir, 17 °C’ ye indirildigi
zaman pekcok bocek beslenemez, 10 °C’ nin altina indirildigi zaman ve bu deger bir ay veya daha fazla
siirdiiriildiigiinde liirler (Oztiirk, 2003). Bu yiizden bitkisel iiriin deposu igin istenilen ig ortam sicaklig
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5 °C, Igdir ili igin dis sicaklik degeri TS 2164 (1983)" ten -18 °C olarak alinarak AT=23 °C olarak
hesaplanmistir.

IS| KAYBI HESABI CiZELGESI
1500 TONLUK BUGDAY DEPOSU Sahife No :
ig ortam sicakhig 5 °C
HAZIRLAYAN :KURSAT MAMAN IGDIR UNIVERSITESi Dig Sicaklik Igdir igin -18, 38 °C
1 2 3 4 s [ 7 8 s 10 " 12 12 14 15 16 1”7 13 19
z
= <
i < p=
E g g2 |g g
| < | £ s | 5| 5|% s
Z s 2 ] > s % '§ g = Zamsiz 1si| S g £
f— >5_ é S E E § 5 i > & UxAt |Kaybi é é § .§ Ist intiyact Dusiinceler
A A A U At Q, Zy |2, |Zn p ¥4
cm m m m2 m2 m2 |wm2*K] “C | wm2 w % % % 1+% Q,=Q,+Q.
TAHIL AMBARI
DD D 0,48 36,80 5,135 188,97 1,00 1,13 187,84 027 23,00 6,30 1183,65
DD B 0,48 36,80 5,135 188,97 1,00 0,00 188,97 0,27 23,00 6,30 1190,77
DD K 0,48 12,80 5,135 65,73 1,00 0,00 65,73 0,27 23,00 6,30 414,18
DD G 0,48 12,80 5,135 65,73 1,00 17,50 4823 0,27 2300 6,30 30391
DK G 0,05 5,00 3,50 17,50 1,00 0,00 17,50 548 2300 126,12 2207,03
™ D 0,003 0,40 0,40 0,16 9.0 0,00 0,16 5,86 2300 134,50 21,57
Dé - 0,77 13,10 37,10 486,01 1,00 25,40 460,61 0,44 2,00 0,89 409,29
CA - 0,06 36,25 12,50 449, 50 1,00 0,00 449 50 5,25 2300 120,75 5427713
CA G 0,06 12,50 2,89 1792 1,00 0,00 17,92 525 2300 120,75 2165,60
CA K 0,06 12,40 2,89 17,92 1,00 0,00 17,92 525 2300 120,75 2163,60
Q- 64334,74
700 000 500 1,12Qu [ 7205491 W
Q= @ [ Ry He 2Zo At E
Q= 150 469 070 098 100 2300 100 = 111008 W Qs 1110,08 W
Q= 73164,99 W

Sekil 3. 1500 ton bugday deposu icin 1s1 kayb1 hesabi.
Figure 3. Heat loss calculation for 1500 tons of wheat storage.

12. Siitun: U x AT esitligindeki degerlerin tamami hesaplanmistir. 10. siitun x 11. siitun ¢arpimu ile 12.
stitun degerleri belirlenir.

Burada;
DD, D: 6.3 W m? DK, G: 126.12 W m? CA, G:120.75 W m?
DD, B: 6.3 W m?2 TP, D: 134.80 W m~?2 CA, K: 120.75 W m=
DD, K: 6.3 W m=2 Do6: 0.89 W m~2
DD, G: 6.3 W m= CA:120.75 W m=

13. Siitun: Qp = Ax U x AT esitligindeki degerlerin tamami hesaplanmistir. Bu siitun, 9. siitun x 10.
stitun x 11. Siitunlarin ¢arpimu ile elde edilir. Bu deger artirimsiz (zamsiz) 1s1 kaybidir.

Burada;
DD, D: 1183.65 W DK, G: 2207.05 W CA, G:2163.60 W
DD, B: 1190.77 W TP, D: 21.57 W CA, K: 2163.60 W
DD, K: 414.18 W Do6: 409.29 W
DD, G: 303.91 W CA:54277.13W

Toplam Qo degeri 64334.74 W olarak hesaplanmustir.

14. Stitun: D Birlestirilmis Artirim Katsayisi; bu siituna 1sitmanin siirekli ya da kesintili olup olmamasina
gore degerler yazilir. Yap1 ne kadar biiyiikse ve 1sitma sistemi ne kadar ¢ok kesintili calisgiyorsa, bu
artirim o kadar biiyiik olmalidir.
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Birlestirilmis artirim katsayis1 TS 2164 (1983) ten Birlestirilmis Artirim Katsayisi (% Zp) degerlerinden alinir.
Depoda kurulan 1sitma sistemi siirekli ¢alisir ve yalmz ortam sicakligina gore devreye girdigi icin bu deger

Zp=7 alinmistir.

15. Siitun: Zw Kat Yiikseklik Artirimy; kat yiikseklik zammu belirli katlardan sonra verilir. Ciinkii birkag
kat ytiikseklikten sonra riizgar hizi nedeniyle 1s1 kayb1 artis gosterir. Cok kath bir yapidan ilk ti¢ kat igin
yiikseklik zammi dikkate alinmaz.

Bu ¢alismada yapz1 tek katli oldugundan Zw kat artirrm zammi TS 2164 (1983)’ ten den alinir ve bu deger;

Zw = 0 olarak alinmistir.

16. Siitun: Zu Yon Artirimi; bitkisel {iriin deposu yoniinden dikkate alinmasi gereken bir artirimdir. Zu
yon artinmi segilirken yalniz bir dis duvari olan hacimlerde, bu dis duvarin baktigi yon, kose
hacimlerde ise iki dis duvarin birlestigi kosenin yonii esas alinir. Kdse hacimlerde, penceresi olan dis
duvarin yonii de esas alinabilir. Dis duvari ikiden fazla olan hacimlerde en yiiksek yon artirim degeri
alinir. Yon artirirm degerleri TS 2164 (1983) ten Zu = 5 olarak alinmustir.

17. Siitun: Z (1+%Zo+%Zw+%Zsn) artirimlarin toplamlarinin yazildigy stitundur.
Z = (1+%7+%0+%5) = 1.12 olarak hesaplanmustir.
18. Siitun: Toplam Isi Gereksinimi (Ihtiyact) (On)
Bu siitun 3 adimda hesaplanair.

1. Birinci adimda artirimlar dikkate alinarak, toplam 1s1 gecis kayb1 Qi = Qo x Z denklemi ile

hesaplanmuistr.
Qi=64334.74 x 1.12 =72054.91 W olarak hesaplanmustir.

2. Bu adimda s1zint1 ile kagan 1s1 miktar1 hesaplanir. Bu kisma asagida deginilecektir. Hava sizinti 1s1
kaybi (Qs) asagidaki esitlik yardimiyla hesaplanmistir.

Qs =Y.a,xl xRy xATx Z, xE (kcal h)
e Hava sizdirma katsayisi degeri TS 2164 (1983)’ ten alinmuistir.
Bu deger as= 1.5 (m® m? h) olarak se¢ilmistir.

e Pencere veya kapinin agilan kisminin g¢evre uzunlugu Sekil 4’ ten alinan olgtilerle hesaplanmuistir.

25cm
. 500 o Bem
T 1
- - S HAVALANDIRMA KANALI
100
o %
Lo A
m A
ol
o
™
1 940 . PENCERE
- 250 __J ' ' “’
KAPI

Sekil 4. Kap1, pencere ve duvarda havalandirma igin acilan bosluk 0lgiileri.
Figure 4. The dimensions of the opening for ventilation in the door, window and wall.
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Kapinin tamami veya dikey yonde yaris1 siirgiilii olarak saga veya sola dogru kaydirilarak agilacaktir.
Ayrica seri gecisler igin biiyiik kap igerisinde 100 x 200 cm’ lik ayr1 bir kap:r olacaktir. Kapinin gevre
uzunlugu;

[ =2.5+3.5+2.5+3.5+2.5+3.5+2.5+3.5+1.0+2.0+1.0+2.0 =30 m
Pencere icin ¢evre uzunlugu asagida verilen esitlik yardimiyla hesaplanmistir;
l=2nr |=2xmx0.2=1256m

Havalandirma kanali i¢in depo yan duvarlarindan acilan bosluk icin uzunluk;
l=2xaxb esitligi ile hesap hesaplanmistir.

Buradan;

a: kisa kenar (m)

b: uzun kenar (m)

1 =2x(0.10 + 0.25) = 0.7 x 8 =5.6 m olarak belirlenmistir.

Ra depo durum katsayisi katsayisiuin tam olarak hesaplanamamasi nedeniyle; normal boyutlarda
pencere ve kapilar1 olan odalar icin Ra = 0.9; biiyiik pencereleri, bir tek i¢ kapist olan odalar igin Ra =0.7
degerleri kullanilmistir.

e Habina durum katsayis1 TS 2164 (1983)" e gore 0.98 olarak secilmistir.

e Ze degeri taniminda belirtildigi gibi “1” olarak alinmistir.

¢ E, bina durum kat sayisi icin diizeltme ¢arpim faktorii yap: yiiksekligi 10 m’ nin altinda oldugu igin bu
deger TS 2164 (1983)" ten “1” olarak alinmstir.

Bu durumda Qs sizint1 degeri;
Qs=1.50x46.90 x 0.7 x 0.98 x 1 x 23 x 1 =1110.08 W olarak hesaplanmustir.

3. Bu adimda toplam 1s1 gereksinimi Qn hesaplanir. Bunun i¢gin artirimlar dikkate alinarak bulunan Qi
1s1 kayb1 ve Qs sizint1 (infiltrasyon) ile toplanir.

Ayrica havalandirma icin depo ortamina verilen havaninda 1sitma ihtiyaci hesab: da yapilarak Qnile
toplanir ve toplam 1s1 ihtiyac1 hesaplanir.

Buradan;
Qn=72054.91 + 1110.08 =73164.99 W olarak belirlenmistir.

Havalandirma Sisteminin Sogutma Hesab1
Ortalama %12 nem igerigindeki bugdayin yaydig: 1s1 miktar1 1.67 kj kg (Cao vd., 2010) olup bu degerde
400.8 kcal t" dur.

1 kcal h1=1.163 W’ tir.

Bu durumda 1 ton bugdayin 24 saatte yaydig1 1s1 miktar1 asagidaki esitlik ile hesaplanmustir.

_MxC
T 24

q = (1 x400.8)/24 =16.7 kcal h!

1 ton bugday icin 16.7 kcal h' =19.4221 W’ tir.

1500 ton igin = 1500 x 19.4221=29133.15 W olarak hesaplanmistir.

Ortamin sogutulmasi i¢in gerekli 1s1 miktar1 ise asagidaki esitlikler yardimiyla hesaplanr.
Sogutma hesabi yapilirken dis ortam sicaklig1 Yilmaz ve Bulut (1996) dan alinmistir.

Q = Mpgpax Cp x AT

Mpava = Phava X Vhava
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Burada;

Mmrava: sogutulacak hava miktar:

Cp=1.0035 k] kg K (Van Wylen ve Sonntag, 1976)

Phava = havanin 6zgiil agirligr 1.225 kg m= (Van Wylen ve Sonntag, 1976)
Vhava=112.5 m3 min™ dir (mekanik havalandirma ortam hava ihtiyacr).
Vhava= 6750 m3 h!

AT =38-5=33°C

Q =76024.27 W olarak hesaplanmaistir.

Toplam sogutma ihtiyaci;

29133.15 + 76024.27 = 105157.42 W olarak hesaplanmustir.

Isttma ve Sogutma Sistem Otomasyonunun Hazirlanmasi

Bugday deposuna yerlestirilecek iki adet termostat yardimiyla deponun igerisindeki 1s1 kontrolii
yapilmaktadir. Depo ortam sicakligi 3 °C’ nin altina diistiigiinde termostat klima santralinin 1s1tic1 sistemini
devreye almaktadir. Sicaklik +5 °C oldugunda sistem “Bekleme Moduna” gegerek klima santralinin 1sitict

devresini devre dig1 birakacaktir. Sicaklik +15 °C’'nin iizerine ¢iktiginda klima santralinin sogutucu sistemi

devreye alinacaktir. Sicaklik +5 °C oldugunda ise sistem “Bekleme Moduna” gececek ve klima santralinin

sogutucu sistemini devre dis1 birakacaktir.

Havalandirma kanali {izerine 8 adet servo motor kontrollii damper konulmustur. Bu damperler
havalandirma kanallarini agip kapamaktadir. Klima santralinin vantilatér motoru inverter kontrolliidiir.

Acik olan hava kanalina gore servo motorlarla beraber hava debisi de kontrol edilmektedir. Damper

konumlarina gore her bir kanaldan ge¢en hava debisi asagida belirtilmistir.

1. konum: 1. damper acik vantilator hava debisi, 843.75 m3 h!

2. konum: 1. ve 2. damperler acik hava debisi, 1687.5 m3 h-!

3. konum: 1. 2. ve 3. damperler agik hava debisi, 2531.25 m? h!

4. konum: 1. 2. 3. ve 4. damperler acik hava debisi, 3375 m3 h-!

5. konum: 1. 2. 3. 4. ve 5. damperler acik hava debisi, 4218.75 m3 h-!

6. konum: 1. 2. 3. 4. 5. ve 6. damperler agik hava debisi, 5062.5 m® h!

7. konum: 1. 2. 3. 4. 5. 6. ve 7. damperler agik hava debisi, 5906.25 m? h-!

8. konum: Tiim damperler agik hava debisi, 6750 m? h-! olmalidur.

Otomasyon sistemi depo ortam sicakligi +5 °C” de oldugu igin Bekleme Modu’ na ge¢mistir (Sekil 5).
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Proje Adi - IGdir i 1.500 Tonluk gday posu Isama i O yon Projesi
Proje Sorumiusu 1  KURSAT MAMAN
ilgili Kurulug :| IGDIR UNIVERSITESI Yil - 2019
] | |
FAN FAN FAN FAN
=]
== E “ Kis “Yaz
OFF = = =
[ ® @ e Sl = = =
@l S o = -
ISIT | BEKLEME MODU | O = aid 5,00 =
5 »
SOGUT | ® & & e
s 6 7 3
~|
FAN FAN FAN FAN
] | '

Sekil 5. Otomasyon sistemi bekleme modu devredeyken.

Figure 5. With the automation system standby mode activated.
Otomasyon sistemi depo ortam sicaklig1 +3 °C’ nin altina indigi icin “Isitma Modu” devreye gecmistir (Sekil

6). Otomasyon kontrol paneli {izerindeki butonlar panelleri kontrol etmektedir. Buton sayisi ile devreye

giren panel sayisinin esit oldugu goriilmektedir.

Proje Adi = 1§dir [ 1.500 Tonluk Bujday deposu Isama Sistens Oromasyon Projesi
Proje Sorumlusu :  KURSAT MAMAN

figili Kurulug - IGDIR UNIVERSITESI Yil: 2019
|
FAN FAN FAN FAN
IS |(i 'e Y "
= KIS az
e a2l sl ]l [of , .
ISITMA DEVREDE 33794 Watt |1 El 3'00° - §
5
SOGUT I L)
s s |7 8
>|
FAN FAN FAN FAN

Sekil 6. Otomasyon sistemi 1sitma devredeyken.
Figure 6. Automation system heating on activated.

Kontrol paneli iizerindeki butonlarla panel sayisi arttirilarak 1sitma sogutma hizi ayarlanabilmektedir
(Sekil 7 ve 8). Asagida 6 fan aktif edilmis kis modunda sistemin 1sitma moduna gectigi goriilmektedir.
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Proje Adi :  I3dir I 1.500 Tonluk Bugday deposu Istma Sistemi Otomasyon Projesi
Proje Sorumlusu 1 KURSAT MAMAN
ligili Kurulug :  IGDIR UNIVERSITESI Yil - 2019

FAN FAN FAN FAN
A =]
= “ Kis Yaz
= =4 =
Sl = o =3
als A A H
ISITMA DEVREDE gl « 3,00 2
g ’ A
SOGUT
l" -
M ran FAN ) FAN . FaN
J
Sekil 7. Otomasyon sistemi kontrol paneli gosterimi.
Figure 7. Display of automation system control panel.
Proje Adi :| I3dir i 1.500 Tonluk Bujday deposu lstma Sistemi Otomasyon Projesi
Proje Sorumlusu : KURSAT MAMAN
iigili Kurulug 1| 1GDIR UNIVERSITESI Yil: 2019
— |
FAN FAN FAMN FAN
=]
Lo o
| =l I = Kis Yaz J _
OFF ®© © o o 3l - - |3
af S ~ S5
I 1S TMA DEVREDE 67588 Want |1 § = 3,00 Ll s
s [ 7 8
=l
FAN FAN FAN FAN
J |

Sekil 8. Otomasyon sistemi fan sayisinin artirilmasi.
Figure 8. Increasing the number of automation system fans.

Asagida 6 fan aktif edilmis yaz modun da ortamin manuel ortam sicakli§1 artacagindan sicaklik 15 °C’ nin
tizerine ¢iktigl zaman sogutma moduna gectigi goriiliistiir (Sekil 9). Ortam sicakligi 5 °C’ ye kadar

diisiiriilerek bekleme moduna ge¢mistir.
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Proje Adi | I3dir I 1.500 Tonluk Bugday deposu Isama Sistemi Otomasyon Projesi
Proje Sorumlusu 1| KURSAT MAMAN
ilgili Kurulug :  IGDIR UNIVERSITESI Yil : 2019
FAN FAN FAN EAN
c S =]
= = Kis Yaz J :
OFF e O 6 @ 3z = e
@ 2 =
ISIT | 78.868 Watt |2 E 2 15,00 ° G
I socutTmaDEvReDe | @ @ @ @
5 6 7 8 -
| ~
FAN FAN FAN FAN
ORTAM SICAKLIGI
15 DERECEG
GECINCE S0OGUTMA |
MODU DEVREYE L
GIRECEKTIR

Sekil 9. Otomasyon sistemi sogutma devredeyken.

Figure 9. Automation system with cooling activated.
Otomasyon sistemi Yaz ve Kis Modu sistemin nasil ¢alistigini kavrayabilmek icin yerlestirilmis olup yazin
ortam sicakliginin artacagin ve kisin ise azalacagini gostermektedir (Sekil 10). Otomasyon sisteminde Yaz
Modu aktifse depo ortam sicakligr artarak +15 °C’ nin {izerine ¢iktig1 zaman sistem Sogutma Modu’ nu

devreye almaktadir.

Proje Adi :| |§dir i 1.500 Tonluk Bujday deposu Isama Sistemi Cromasyon Projesi
Proje Sorumlusu :  KURSAT MAMAN
ilgili Kurulug ;| IGDIR UNIVERSITESI Yil : 2019

YAZ MODUNDA
ORTAM SICAKLIGI

ARTAFKEN I l
KIS MODUNDA
ORTAM SICAKLIGI
AZALMAFETADIR FAN FAN FAN FAN
o o
1 | 2 3 a [ KiS Yaz I
I OEE © @ e @
| ISITMA DEVREDE 67588 Watt |1 3,00 o
SOGUT | L<)
s ) s ||z s
| I L b4 |
ixi ADET SICAKLIK | FAN FAN FAN FAN
SENSORU ORTAM
SICAKLIGINI KONTROL
ETMEEKTEDIR ] I

Sekil 10. Otomasyon sistemi yaz ve kis modu gosterimi.
Figure 10. Automation system summer and winter mode display.

Sistemin ¢alismasi icin arka planda ¢alisan biitiin kodlar sistemde ilgili parametreler ile iliskilendirilerek

EK’ te verilmistir.
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Shuanglin vd. (2006) test amacli bir bugday deposunda farkli fan sistemlerinin otomatik mekanik
havalandirma ile bugday tanelerinde sicaklik diisiisiinii arastirmiglardir. Arastirma sonucunda 0.55 kW'lik
4 adet eksenel fan ile 484 saat boyunca yapilan havalandirilma ile tanelerin ortalama sicakliginin 14.9
2C'den 7,5 °C'ye diisiiriildiigiinii, 15 kW'lik 6 adet santrifiij fan ile 140 saat boyunca yapilan havalandirilma
ile tanelerin ortalama sicakliginin 15.8 °C'den 4.5 °C'ye diisiiriildiigiinii belirlemislerdir. Sonug olarak
otomatik havalandirma kontrol sisteminin isgiiciinii azaltmada, havalandirma verimliligini artirmada ve
havalandirmanin enerji titketimini azaltmada yardimei oldugunu belirlemislerdir. Mevcut ¢alismamizda
da kullanilan otomatik havalandirma sistemi ile arastirmacinin sonuglarina benzer faydalar elde
edilebilecektir.

Kibar vd. (2015) Igdur ili ve ilgelerindeki ciftgilerin, kooperatiflerin, tiiccarlarin ve Toprak Mahsuller Ofisi
(TMO)'nin tiriinlerinin en saglikli sekilde depolanabilmesi i¢in 1000 ton depolama kapasitesine sahip yatay
bir betonarme deponun havalandirma sistemini tasarlamiglardir. Sonug olarak depo igerisinde optimum
bir hava dagitimi igin 4 m araliklarla 355 mm capinda 3 adet havalandirma kanali ve 1000 W giice sahip
fan sistemi belirlenmistir. Ayrica y1ginin iist seviyesi ile ¢at1 arasinda kalan hacimdeki havay1 disar1 atmak

i¢cin 510 W’ Iik fan giiciine ihtiya¢ oldugunu belirlemislerdir.

Metraj ve Kesif

Betonarme yatay bugday deposunun yaklasik maliyet hesaplamalarinda yap: elemanlarinin ilgili poz
numaralari ve 2022 yilina ait birim fiyatlar1 e-hakedis yaklasik maliyet, hakedis ve kesin hesap
programindan alinmistir (e-Hakedis, 2022).

Mekanik Tesisat Metraji ve Kesifler
Yap1 elemanlarinin mekanik metrajlar1 bugday deposunun Sekil 11” de verilen mekanik projesine gore
hazirlanmgtir.

Mekanik metraj ve kesifleri havalandirma, klima santrali ve otomasyon bdliimlerinden olusmaktadir (Sekil
11 ve 12). Cizelge 1’ de havalandirma i¢in yaklasik maliyet bilgileri verilmistir.

2,

HAA e gt

Sekil 11. Bugday deposu mekanik proje ¢izimi.
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Figure 11. Wheat warehouse mechanical project drawing.
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Sekil 12. Klima santrali detay ¢izimi.
Figure 12. Detail drawing of the air handling unit.

Cizelge 1. Mekanik tesisat (havalandirma sistemi, klima santrali ve otomasyon) yaklagik maliyeti.

Table 1. Approximate cost of mechanical installation (ventilation system, air handling unit and automation).

Sira  Poz No imalatin Cinsi Birim Miktar1 Birim Tutar1

No Fiyat1

1 206-507/B  Bakar boru (et kalinhig: 1.5 mm, dis ¢ap1: 20 mm) (Fosfor-Bakir m 5.000 155.08 775.40
alasimli, kaynakli, %25)

2 206-514/B  Bakar boru (et kalinlig1 1.5 mm, dis ¢ap1: 40 mm) (Fosfor-Bakir m 5.000 319.48 1.597.40
alasimli, kaynakli, %25)

3 241-408 (1/2") 22 @ mm 19 mm, Kauguk esasl1 prefabrik boru ile soguk hat m 5.000 11.20 56.00
yalitimz

4 241-423 (1%") 42 @ mm 19 mm, Kauguk esash prefabrik boru ile soguk hat m 5.000 16.95 84.75
yalitima (TS EN 14313)

5 251-101 1.000 m%h'a kadar, Toplam basinci 225 paskala (25 mm SS'na) kadar, Adet 6.000 4.896.88 29.381.28
radyal vantilatorler veya aspiratorler (tek veya cift emisli) (TSE kalite
belgeli)

6 251-207 8.000 m3/h'lik, Toplam basinct 450 paskala (50 mm SS'na) kadar, Adet 1.000 9.900.00 9.900.00
radyal vantilatorler veya aspiratorler (tek veya cift emisli) (TSE kalite
belgeli)

7 254-205 5001-10.000 m3/h'lik, Elemanlar: temizlenebilen, kuru hava filtresi Adet 2.000 618.85 1.237.70
(madeni veya sentetik tip)

8 257-209 (150.000 kcal/h) 165 kW, Bakir boru, bakir veya aliiminyum kanatls, Adet 1.000 8.987.50 8.987.50
galvanizsiz 1sitic1 veya PN 25 gerektiren haller i¢in, dikissiz gelik
¢ekme boru, dizme gelik kanath sicak galvanizli 1sitict

9 258-211 (60.000 kcal/h) 66 kW, Bakar boru, bakir veya aliiminyum kanatli, Adet 1.000 10.800.00 10.800.00
sogutucu, (4 Atmosfer basincina kadar) (Galvaniz veya plastik esasl
yogusma tavasi dahil)

10 260-601 BFT 260-600'in ayn dzelliklerde, 30 mm'ye kadar cam yiinii veya tas m? 19.000  947.88 18.009.72
yiinii ile izolasyonlu hiicre, havalandirma 1sitma klima santrali
hiicresi

11 261-902 Hijyenik On izoleli gofrajh aliiminyum panellerden Hava Kanali 20 ~ m? #efaast 514.38 71.653.13

mm yalitim kalmlik 80/200 micron Al kaplama

———

Uluslararas: Tarim ve Yaban Hayati Bilimleri

https://dergipark.org.tr/tr/pub/ijaws

317



https://dergipark.org.tr/tr/pub/ijaws

Kiirsat MAMAN, Hakan KIBAR

12 263-101 0,10 m?'ye kadar hava damperi
13 263-105 1,50 m?'ye kadar hava damperi
14 269-103  Aliiminyumdan panjur

15 270-000  Tel kafes

m?2
m?2
m?2

m?2

16 280-1217  Sogutma kapasitesi (nom) 110 kW, 1sitma kapasitesi (nom): 120 kW, Adet
Tiimii frekans kontrollii kompresorlii dis {inite veya dis tinite grubu

17 315-101 Mahal tipi elektronik sicaklik duyar eleman:

18 315-105 Da1s hava tipi elektronik sicaklik duyar eleman

19 315-401 Hava i¢in basing duyar eleman

20 319-304 4 Kontrol dongiisii iceren iklimlendirme Kontrol paneli

Adet
Adet
Adet
Adet

21 320-600  Uzaktan ayar noktasin degistirme {initesi ilavesi, Elektronik Sicaklik ~ Adet

Kontrol Paneline ilaveler icin Odenecek Farklar

22 327-351 0.4 m? ve daha kiictik alanli damperler i¢in, Oransal damper Adet
Servomotoru

23 327-353 1.0-2.0 m? alanli damperler i¢in, Oransal damper Servomotoru Adet

24 328-151 0.4 m? ve daha kiigiik alanli damperler igin, Acil durum Adet
konumlandirma ilavesi

25 328-153 1.0-2.0 m? alanlh damperler i¢in, Acil durum konumlandirma ilavesi ~ Adet

26 Rayi¢-2 ~ Daldirma tip tiirbin hava debimetresi Adet

0.200
1.400
24.000
24.000
1.000

2.000
1.000
1.000
1.000
10.000

8.000

1.000
8.000

1.000
1.000

3.112.50
1.272.50
1.375.00
138.13
250.107.54

437.00
349.50
1.647.00
8.725.00
581.00

1.607.13

2.026.59
2.203.13

3.160.63
2.271.50

622.50
1.781.50
33.000.00
3.315.12
250.107.54

874.00
349.50
1.647.00
8.725.00
5.810.00

12.857.04

2.026.59
17.625.04

3.160.63
2.271.50

Ara Toplam 496655.84 b

KDV Tutarn1 89397.06 b
Genel Toplam 586052.90 b

Elektrik Tesisat Metraji ve Kesifler

Yap1 elemanlarnin mekanik metrajlart bugday deposunun Sekil 13’ te verilen elektrik projesine gore

hazirlanarak Cizelge 2" de verilmistir.

L 1

\,
L 1

Sekil 13. Bugday deposu elektrik proje ¢izimi.
Figure 13. Wheat warehouse electrical project drawing.

Cizelge 2. Elektrik tesisat1 yaklasik maliyeti.
Table 2. Approximate cost of electrical installation.
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Sira Poz No Imalatin Cinsi Birim Miktar1 Birim Tutan

No Fiyat1

1 03.1.2-002 @ 8mm I¢i Dolu Bakir Bara (0.45 kg/m) kg 5.000 183.60 918.00

2 05.1.1 Boyali1 Kaynakli Demir Direk (Sehirici) kg 887.000 25.54 22.653.98

3 05.4.1 Boyali Demir Travers ve Konsol (Sehirici) kg 123.000 28.43 3.496.89

4 08.1 Galvanizli sac Kablo Kanali (2mm) kg 30.000  26.57 797.10

5 11.4-009 36 kV VHD-35 H.H. Sis Tipi Mesnet Izolatrii Adet  6.000 262.69 1.576.14

6 11.5-017 C-35 Demir Travers icin (Tastyici) Izolatérii Demiri Adet  6.000 39.44 236.64

7 15.2-010 36kV, 10kA ZnO Parafudr Adet  3.000 1.187.20  3.561.60

8 17.7-008 36kV, 630A, 12.5kA Harici Tip Sigortali Ayirict Adet  1.000 8.400.31 8.400.31

9 17.9-023 36kV, 2-20A OG Sigorta Patronu Adet  3.000 126.12 378.36

10 24.42-004  250kVA'lik 3x400 A Oto Salterli Harici Tip AG Panosu Adet  1.000 16.773.43 16.773.43

11 26.2-002 Tehlike Levhasi (Aliiminyum-Orta) Adet  3.000 27.85 83.55

12 3022 50 mm?2 NYY Kablo ve gomiilmesi m 40.000  74.81 2.992.40

13 303.1 2 m uzunlugunda, galvanizli 65x65x7'lik kdsebent ve 5 metre serit ve Adet  3.000 890.95 2.672.85
bunlarin gomiilmesi

14 3041 Galvanizli orgiilii gelik tel ve gomiilmesi m 5.000 93.09 465.45

15  31.6.3-010 33/0.4-0.231kV, 250kVA Hermetik Trafo Adet  1.000 58.573.05 58.573.05

16 32.1-041 1kV, 3x150s mm? NYY Kablo (yeraltina-toprak kanala ana kablo) m 15.000  509.11 7.636.65

17  32.15-002 35kV, 1x50s/16 mm? XLPE Kablo (beton kanala, direge, duvara) m 90.000 103.03 9.272.70

18 32.19-002 35kV, 1x50s/16 mm? XLPE Kablo (ayn: toprak kanala ilave désenen) m 170.000 92.77 15.770.90

19 32.25.1-002 35kV, 1x50s/16 mm? YE3SV Harici Kablo Baglig1 Adet  3.000 3.039.15 9.117.45

Ara Toplam 165377.45 b
KDV Tutann 29767.94b
Genel Toplam 195145.39 b

Insaat Metraji ve Kesifler
Yapi elemanlarinin ingsaat metrajlar1 ve yaklasik maliyeti bugday deposunun Sekil 14 - 15’ te verilen depo
projelerine gore hazirlanarak Cizelge 3’ te verilmistir.

DEPO IZOMETRIK GORUNUS

Sekil 14. Bugday deposu genel goriiniisii.
Figure 14. General view of the wheat warehouse.
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Sekil 15. Depo ¢elik makas ¢izimi.
Figure 15. Warehouse steel truss drawing.
Cizelge 3. Insaat yap1 elemanlari yaklagik maliyeti.
Table 3. The approximate cost of construction elements.
Sira  Poz No imalatin Cinsi Birim Miktar Birim Tutart
No Fiyat1
1 15.153 Tuvenan kum, ¢akil veya stabilize ile dolgu yapilmas1 m? 48.601 22.98 1.116.85
2 15.540.1339 Is1 yalitim sistemleri ile kaplanmis yliizeylere, astar m2 493.102 55.25 27.243.89
uygulanarak fotokatalitik 6zellikli boya yapilmasi (dis cephe)
3 18.233/5B Mevcut ahsap, celik, betonarme kiris veya asikli cat1 izerinde m? 656.270 219.79 144.241.58
0.70 mm kalinliginda trapezoidal aliiminyum levhalar (EN
AW 10504, Al 99.5) ile ¢at1 Ortiisii yapilmasi
4 AQ7 Silindirli trasl dis kapi kilidinin yerine takilmasi Adet  1.000 102.50 102.50
5 A08 Kap1 kolu ve aynalarinin yerine takilmasi (Kromajl) Adet  1.000 36.50 36.50
6 A10 Mentesenin yerine takilmasi Adet  3.000 6.00 18.00
7 Al2 Siirgiiniin yerine takilmasi (Diisey tespit takima) Adet  1.000 7.75 7.75
8 KGM/25.016/K Demir Imalatin Tki Kat Antipas, Tki Kat Sentetik Boya ile m2  35.000 70.31 2.460.85
Boyanmasi
9 Y.15.001/2B Makine ile her derinlik ve her genislikte yumusak ve sert m? 48.601 12.61 612.86
toprak kazilmasi (Derin kaz)
10 Y.16.050/15 Beton santralinde {iretilen veya satin almman ve beton m? 350.910 571.46 200.531.03
pompastyla basilan, C 25/30 basing dayamim sinifinda, gri
renkte, normal hazir beton dokiilmesi (beton nakli dahil)
11 Y.16.050/21 Beton santralinde {iretilen veya satin alman ve beton m? 72.902 561.80 40.956.34
pompastyla basilan, C 8/10 basing dayanim sinifinda, beyaz
renkte, normal hazir beton dokiilmesi (beton nakli dahil)
12 Y.16.050/22 Beton santralinde {iretilen veya satin alinan ve beton m? 48.602 574.30 27.912.13

pompastyla basilan, C 12/15 basing dayanim sinifinda, beyaz
renkte, normal hazir beton dokiilmesi (beton nakli dahil)

Uluslararasi Tarim ve Yaban Hayat1 Bilimleri Dergisi
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13 Y.18.461/022 4.3 mm kalinlikta plastomer esash (-10 sogukta biikiilmeli) m? 486.010 73.68 35.809.22
polyester kege tasiyiclh bir yiizii mineral kapli polimer
bitlimlii rtii ile tek kat su yalitimi1 yapilmasi

14 Y.19.055/006 8 cm kalinhkta yiizeyi piiriizlii veya piiriizlii kanalli extriide m? 493.102 194.86 96.085.86
polistren levhalar (XPS - 200 kPa basing dayammli) ile dis
duvarlarda digtan 1s1 yalitimi ve {izerine 1s1 yalitim sivasi
yapilmasi (Mantolama)

15 Y.19.058/002 4 cm kalinlikta yiizeyi diizgiin levhalar (XPS - 200 Kpa basing m? 486.010 46.79 22.740.41
dayanimli) ile yatayda (zemin yada arakat doseme betonu
iizerinde vb.) 1s1 yalitim1 yapilmasi

16 Y.19.085/008 Cimento esasli polimer modifiyeli iki bilesenli kullanima m? 486.010 52.68 25.603.01
hazir yalitim hara ile file takviyeli olarak, 3 kat halinde
toplam 2 mm kalinlikta su yalitimi yapilmasi

17 Y.21.001/03 Plywood ile diiz yiizeyli betonarme kalib1 yapilmasi m? 1.206.400 129.53 156.264.99

18 Y.23.014 @ 8- @ 12 mm nerviirlii beton celik ¢ubugu, ¢ubuklarin Ton  7.162 13.678.13 97.962.77
kesilmesi, biikiilmesi ve yerine konulmasi

19 Y.23.015 @ 14- @ 28 mm nerviirlii beton ¢elik ¢ubugu, ¢ubuklarn Ton  21.580 13.630.00 294.135.40
kesilmesi, biikiilmesi ve yerine konulmasi

20 Y.23.081 Profil demirlerinden cat1 makasi yapilmasi ve yerine Ton  31.366 20.505.73 643.182.73
konulmasi

21 Y.23.167 Cesitli profil demiri ve sac levhalardan miinferit imalat kg 398.600 31.26 12.460.24
yapilmasi ve yerine konulmasi (su depolar ve benzeri)

22 Y.27.562/011 Inorganik baglayicili hazir (fabrikasyon) kaba/ince siva harci m? 986.204 137.69 135.790.43
(TL, WI, CSI) ile i¢ veya dis yiizeylere 3 cm kalinlikta siva
yapilmasi

Ara Toplam 1978197.28 b
KDV Tutar1 356075.51 b
Genel Toplam 2334272.79 b

SONUC

Bu calismada, bugday deposunda depolamanin kontrollii bir sekilde siirdiiriilebilmesi igin mekanik
havalandirma sistemi projelendirilmistir. Sonug olarak depo ortaminda gerek depolanan iiriiniin
solunumu gerekse de diger faaliyetler sonucunda depo ortaminda kirlenmis havanin disar1 atilarak taze
havanin igeri alinabilmesi 8 adet ve 250x100 mm kesitli havalandirma kanal: tasarlanmistir. Taze havanin
saglanabilmesi i¢in etkili fan giicii 1140 W olarak belirlenmistir.

Ideal depolama ortam havasiin saglanmast icin toplam 1s1 ihtiyaci 73164,99 W olarak hesaplanmusgtir. 38
°C’ deki dis ortamdan alinan havay1 depo icin ideal duruma getirmede toplam sogutma ihtiyac1 105157.42
W olarak hesaplanmistir. Bu kosullar saglandiginda depolama siiresince daha kaliteli ve saglikli bir iiriin
piyasa arz edilebilecektir.

Projelemesi yapilan bugday deposunun 2022 yilina ait birim fiyatlarina gore KDV dahil Mekanik sistem
yaklasik maliyeti 586052.90 #, Elektrik tesisat1 yaklagik maliyeti 195145.39 b, insaat yap1 elemanlar yaklasik
maliyeti 2334272.79 b olmak {izere toplam yaklasik maliyeti 3115471.08 b olarak belirlenmistir.

CIKAR CATISMASI
Yazarlar arasinda herhangi bir ¢ikar ¢atismasi yoktur.

YAZAR KATKISI
Yazarlar makaleye esit oranda katki saglamigslardir.
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Kisaltmalar
A Yiizey alani, m?
ATop e Is1 kayb1 hesaplanan hacmi gevreleyen tiim
yiizeylerin alanlar1 toplami, m?
@ e, Deponun genigligi, m
. U Hava sizdirma katsayisi, m® m! h'!
b Deponun boyu, m
C Uriiniin yaydig1 1s1 miktari, kcal t1
Cr e Havanin 6zgiil 1s1 kapasitesi, k] kg K-1
D Deponun ¢ap1
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Dz Birim alan, zaman ve sicaklik 1s1l degeri
E Bina durum kat sayzsi i¢in diizeltme carpim faktorii
G e, Deponun kapasitesi, ton
H Depo yan duvar yiiksekligi
Ha Bina durum katsay1s1
h Uriin yigimn yiiksekligi
1T Pencere veya kapinin agilan kisminin ¢evre uzunlugu, m
K Kelvin
Lo Yapu bileseninin kalnlhigi, cm
M e Uriin miktari, ton
INHava  ceeeeeneesencnccncescncnssesnnsnnes Isitilacak hava miktari, kg h
min = ., Dakika
Q Depo maksimum 1s1 ihtiyaci, W
Q0 e e Artirimsiz iletimsel 1s1 kayb1, W
Oh e, Toplam 1s1 kayb1, W
Qi Tletimsel 1s1 kayb1, W
0OS et e ees Hava sizintist 1s1 kaybi, W
o N Uriiniin 24 saatte yaydig1 1s1 miktari, kcal h-!
Y Yaricap, M
Ra Is1 gegirgenlik direnci
Ra Depo durum katsayisi
Td e Dis sicaklik, °C
Ti e I¢ sicaklik, °C
U i, Is1 gegirgenlik katsayis;, W m-2K-!
Vo, Kanaldaki hava akim hizi
2 RN Deponun hacmi, m3
Vhava  ceeveniiniiniec e e Ihtiyag duyulan havanin hacmi, m? h-!
ZD v Birlestirilmis artirnm katsayisi
Ze e Hava s1zint1 oda durum katsayisi
ZH e Y6n artirmu katsayist
ZW e Kat artirimi katsay1
AT e Sicaklik farki, °C
Od eeeereeeree s Das yiizeysel 1s1l iletim katsayis;, W m2K-1
Qi e I¢ yiizeysel 1s1l iletim katsayis;, W m2K-!
A e e e Isil iletkenlik, W m-1K-!
L RPN Pi sabiti
Ohava  eeeeeneenenieienei e Havanin 6zgiil agirligi, kg m-
W e Pencere sizint1 aralig1 uzunlugu katsayisi
C Santigrad derece
U e Yap bileseninin toplam 1s1l gegirgenlik direnci, m2K W-
® Kayitl
EK

Isitma ve Sogutma Sisteminin Calismast Igin Yazilan Kodlar
Sistemin g¢alismasi icin arka planda ¢alisan biitiin kodlar sistemde ilgili parametreler ile iliskilendirilerek

asagida agiklanmistir.

1- OFF butonuna basildiginda sistemin agma kapama islevi meydana gelmekte olup arka
planda icra edilen kodlar asagida verilmistir.
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Private Sub OnOFF Clicki)

If OnCFF = True Then
CnOFF.Caption = "QOFF™
If [k18] = 0 Then Call Bekleme Modu
If [k1Z2] = 1 Then Call Isitma Modu

If [kK18] = 2 Then Call Soﬁutma_ﬂodu
El=e

CnCFF.Caption = "CH"
End If
End Sub

ISIT butonuna tiklandiginda sistem manuel olarak 1sitilabilmektedir. Bunun disinda ortam
sicakliginin simir degerin altina diismesi durumunda otomasyon otomatik olarak bu butonu
devreye alacaktir.

Frivate Sub ISITMA Click()
If ISITHA = True Then
SOGUTMA = False

ISITHMA.Caption = "ISITMA DEVREDE"
Call Isitma Modu

Else
ISITHMA.Caption = "ISIT"

Eange ("EK18"™) .Value = 0

End If
End Sub

2- SOGUT butonuna tiklandiginda sistem manuel olarak sogutulabilmektedir. Bunun
disinda ortam sicakliginin siur degerin iistiine ¢ikmasi durumunda otomasyon
otomatik olarak bu butonu devreye alacaktir.

Private Sub SDEUTHA_CliCk[]
If SOGUTMA = True Then
ISITMA = False
SDGUTHE.CaptiDn = "SOGUTMA DEVREDE"
Call Sofutma Modu
Else
SDEUTHA.CaptiDn = "EOGUT™
Range ("K18") .Value = 0

End If
End Sub

3- Panel ON/OFF butonlarina basildiginda 8 adet iklimlendirme paneli devreye girmekte
olup arka planda icra edilen kodlar asagida sunulmustur.
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PFrivate Subk Tl Click()

If Range ("kl8") = 2 Then
ITf T1.Value = True Then
Call FanlSoguk
Range ("el3s™) = 1
El=e
Call FanlCFF
Range ("el5™) = 0
RE.Z‘.LQ'E I:"}C.ll":l =
End IEf
Elself Bange ("k18™) = 1 Then
If Tl.Value = True Then
Call FanlSicak
Range ("=l1l5") = 1
El=se
Call FanlCFF
Range ("el3™) = 0
Range I:"}C.ll":l = T
End If
El=z=elf Range ("k18™) = 0 Then
If Tl.Valuse = Truese Then
Range ("el5™) = 1
El=se
Range ("el3™) = 0
End If
End IFf

End Sub

4- Sistem ¢alisma modlarinda ihtiya¢ duyulan 1s1 miktarina gore sistemde kullanilacak
1sitma ekipmanlarinin etiket degerlerinden her bir modiil icin 1s1 hesab1 yapilarak
sisteme entegre edilmistir. Her bir mod igin gerekli 1s1 miktar1 1s1 hesaplarinda
belirtildigi gibi modiillere tanimlanmustir. {lgili modlar igin arka planda icra edilecek
kod bloklari sirasiyla asagida sunulmustur.
Sistem bekleme durumuna geldiginde ortamin Yaz veya Kis olma durumuna gore
sicaklik degisimi artip veya azalacagindan bekleme durumunda asagidaki kod blogu
icra edilecektir.

Sul BeklemeDumaruama §)
Scartc = Timer

ISITHMA = False
SOEUTHMA = False

£t = [nil&] -Values

Do

DoEwvents
Finmnish = Timer
i = [ALZ20] -.Valus=s "hioak mahtar Savisi
1 = [K18] .Valus Be

ITEf 1 = 0O Then
If ¥Ya=z.Value = True Then
[15] = Formati(t + 0.01 * (Fimish — Stcartc), O)
ITf Range("nl6e™) . Value = 15 Then Call 50§'Jt.rr.a_}10d'.1
Else
[15] = Formati(tc — 0.01 * (Fimish — Stcartc), O)
If Range ("nle") .Value = 3 Then Call Isitma Moda
End IFf

End IFf

If COnOFF = False Then Exit Sub

Loop While Finmnish — Startc <= 500

End Sulb
5- Sistem kis modunda oldugunda bekleme modunda (tiim fanlar kapali) ortam sicaklig:

kendiliginden diisecegi igin sicaklik belirtilen sinir degerin (3 °C) altina diistiigii zaman
Isitma Modu devreye girerek aktif olan fanlar sicak hava tifleyecek ve ortam sicakligin

S
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5 °C’ ye kadar yiikseltecektir. Sicaklik 5 °C’ ye ulastiginda Bekleme Modu devreye girecek
ve tiim fanlar devre disi birakilacaktir. Bu dongii tekrar tekrar devam edecegi i¢cin ortam
sicaklig1 3 °Cile 5 °C arasinda tutulacaktir.

Sub Isitma Modu ()

If
If
If
If
If
If
If
If

Range ("E18:J18") .Select
ActiveCell.FormulaR1C1 = "=R[-6]C[34]"

Range ("E19") .5elect

Range ("E18:J18") .S5elect

With Selection.Font
.Color = 16776961
.TintAndShade = 0

End With

Range ("K18") .5elect

ActiveCell.FormulaR1Cl

Range ("R2") .S5elect

Range ("AJ11") .Value =
Range ("AJ12") .Value =
Bange ("AJ13") .Value =
Range ("ARJ14") .Value =
Range ("AJ1S") .Value =
Range ("AJ1&") .Value =
RBange ("AJ17") .Value =
Range ("ARJ18") .Value =

R e e

ISITMA.Value = True
Call Isitmalurumu

End Sub

= nqm

Then
Then
Then
Then
Then
Then
Then
Then

6- Isitma Modu icra edildiginde
bloklar1 icra edilecektir.

Sub Isa
Sta

t =

Do

tmalurama ()
rt = Timer

[nl6] .Value

DoEwvents

Fin
i=
1

If

End

End

7-

ish = Timer

Call
Call
Call
Call
Call
Call
Call
Call

FanlSicak
FanZSicak
Fan3Sicak
Fan4S5icak
FanbS5icak
FanéSicak
FanTSicak
Fan85icak

ilgili fanlar devreye girerek arka planda asagidaki kod

[AL20] .Value 'Agik Anahtar Savisa
Be

[k18].Value '

1 = 1 Then
If i = 0 Then

[pl5] = Formati(t + 0.1 *

Else

[p1l5] = Format(t + 0.1 = &4 =

End If
If

If Range ("nlé") .Value > 15 Then ISITMA.Value

kElemse Modunda

{Fini=sh - Start),

SOGUTHMA.Value = True: Call 50§utma_ﬂodu

If CnCFF = True Then
If Range ("nlée") .Value
End If

If OnQFF = False Then
Loop While Finnish - Start «=

Sub

(Fini=sh - S5tart), Q)

= False:

= 5 Then Call Bekleme Modu

Exit Sub
500

Sistem yaz modunda oldugunda bekleme modunda (tiim fanlar kapal1) ortam sicakligt
kendiliginden yiikselecegi i¢in sicaklik belirtilen sinir degerin (15 °C) {izerine ¢iktigt
zaman Sogutma Modu devreye girerek aktif olan fanlar soguk hava iifleyecek ve ortam
stcakligini 5 °C’ ye kadar diisiirecektir. Sicaklik 5 °C" ye ulastiginda Bekleme Modu

——
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devreye girecek ve tiim fanlar devre dis1 birakilacaktir. Bu dongii tekrar tekrar devam

edecegi i¢in ortam sicakligi 5 °C ile 15 °C arasinda tutulacaktir.
Sub Sogutma Modu()

Range ("EL18:J18™) .5elect
ActiveCell.FormulaR1C1 = "=R[-5]C[34]"
Range ("EL18:J18™) .5elect

With Selection.Font

.Color = -4165632
TintAndShade = 0
End With

Range ("K18") .5elect
AetiveCell.FormmlaRIC1 = m2™
Range ("R2™) .S5elect

If Range ("AJ11™) .Value =
If Range ("AJ12™) .Value
If Range ("AJ13™) .Value
If Range ("&J14™) .Value
If Range ("AJ1S5™) .Value
If Range ("A&J1&™) .Value
If Range ("AJ17T™) .Value
If Range ("AJ1E™) .Value =

Then Call Fanl3ofuk
Then Call Fan2Soguk
Then Call Fan3Sofuk
Then Call Fan43ofuk
Then Call Fan5Soduk
Then Call Fan&3oduk
Then Call FanT73ofuk
Then Call Fang&Soduk

1
R e e

SOGUTHMA . Value = True
Call SodutmaDuruama

End Sub
8- Sogutma Modu icra edildiginde ilgili fanlar devreye girerek arka planda asagidaki kod
bloklari icra edilecektir.

Sub SogutmaDurumu ()
Start = Timer

t = [nlé].Value

Do

DoEwventsa

Finish = Timer

i = [AL20].Value 'Rgik Anahtar Sayisa
1 = [kK18].Value Bekleme Modunda

If 1 = 2 Then
If i = 0 Then
[pl5] = Format(t - 0.1 * (Finish - Start), 0)
Else
[£l5] = Format(t - 0.1 * 4 = (Finish - Start), 0)
End If

End If

If Range("nleé") .Value < 0 Then S06UTMA . Value = False:
ISITMAR.Value = True: Isitma Modu

If CnOFF = True Then
If Range ("nle").Value = 5 Then Call Eekleme Modu
End If
If CnCFF = False Then Exit Sub
Loop While Finnish - Start <= 500

End Sub

S
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Monitoring the Short-Term Effect of Banana Waste Compost on the Enzymatic Activities of Soil
Associated with Nitrogen and Phosphorus

Muz Atiklar1 Kompostunun Topragin Azot ve Fosfor ile Tliskili Enzimatik Aktiviteleri Uzerine Kisa

Siireli Etkisinin Izlenmesi

Ismail Emrah Tavali!

Gelis Tarihi (Received): 15.04.2022 Kabul Tarihi (Accepted): 06.07.2022 Yayin Tarihi (Published): 22.08.2022

Abstract: A large amount of plant pruning waste occurs after annual care in banana production areas. This waste material contains significant
amounts of organic substances and nutrients. In this study, banana waste compost (BWC) was applied to the soil both alone and in mixture with
leonardite (LT) and vinasse compost (VC). Treatments include: control (CL), banana waste compost alone (BWC-2: 2 t da’'; BWC-4: 4 t da'; BWC-8: 8
t da), leonardite alone (LT: the recommended application rate), leonardite with banana waste compost (BWC-2+LT; BWC-4+LT; BWC-8+LT),
vinasse compost alone (VC: the recommended application rate), vinasse compost with banana waste compost (BWC-2+VC; BWC-4+VC; BWC-8+VC).
Afterwards, the changes in the activities of nitrogen (NHs+NQOs) and phosphorus (available P) related enzymes (urease and alkaline phosphatase)
were monitored through analyzes made on soil samples taken on certain days (0%, 10%, 20, 40t, 80%). During this period, the pH and EC values of
the soil were also measured. According to the results obtained; it was determined that banana waste compost combined with leonardite generally
positively affects the pH, EC, exchangeable NH+-NO:s and, available P of the soil, as well as the activity of urease and alkaline phosphatase compared
to other treatments. In this regard, according to the control, the urease activity of the soil increased by 875%, the alkaline phosphatase activity by
149%, the exchangeable NH«+NOs by 188%, available P by 83%, and the EC value by 100%. However, the pH value decreased by about 5%. As a
result, it can be stated that the application of banana waste compost combined with leonardite as a soil conditioner at least 4 t da” will be economical
and 10 to 20 days after this application, nitrogen and phosphorus availability will increase in the soil.

Keywords: Organic waste, organic matter, soil enzymes, soil quality.

&

Oz: Muz iiretim alanlarinda her yil yapilan muz bakimi sonrasi ¢ok miktarda bitki budama atig1 ortaya ¢ikmaktadir. Bu atik malzeme 6nemli
miktarlarda organik madde ve besin icermektedir. Bu ¢alismada, muz atiklar1 kompostlandiktan (MAK) sonra hem tek basina hem de leonardit (LT)
ve melas kompostu (MK) ile karigtirlarak topraga uygulanmistir. Yapilan uygulamalar sunlardir: Kontrol (K), tek bagina muz atigi kompostu
(MAK-2: 2 t da’; MAK-4: 4 t da’'; MAK-8: 8 t da™'), tek bagina leonardit (LT: tavsiye edilen doz), muz atig1 kompostu ile leonardit (MAK-2+LT; MAK-
4+LT; MAK-8+LT), tek bagina melas kompostu (MK), muz atig1 kompostu ile melas kompostu (MAK-2+MK; MAK-4+MK; MAK-8+MK). Sonrasinda
azot (NH4+NOs) ve fosfor (alinabilir P) ile iligkili enzimlerin (iireaz ve alkali fosfataz) aktivitelerindeki degisimler belirli giinlerde (0., 10., 20., 40., 80.)
alinan toprak orneklerinde yapilan analizler vasitasiyla izlenmistir. Bu stirede topragin pH ve EC degerleri de 6l¢tilmiistiir. Elde edilen sonuglara
gore; leonardit ile kombine edilen muz ati§1 kompostunun genel olarak topragin pH, EC, degisebilir NH4-NOs, alinabilir P, iireaz ve alkali fosfataz
aktivitesini diger uygulamalara gore olumlu ydnde etkiledigi belirlenmistir. Bu baglamda, kontrole gore topragin iireaz aktivitesi % 875, alkali
fosfataz aktivitesi % 149, degisebilir NH«++NO:s kapsami % 188, alinabilir P kapsami % 83, EC degeri % 100 oraminda artmustir. pH degeri ise yaklasik
% 5 oraminda azalmistir. Sonugta, leonardit ile kombine edilen muz ati§1 kompostunun toprak iyilestiricisi olarak en az 4 t da' olacak sekilde
uygulanmasinin ekonomik olacagi ve bu uygulamadan 10 ila 20 giin sonra toprakta azot, fosfor yarayisliiginin artacag ifade edilebilir.

Anahtar Kelimeler: Organik atik, organik madde, toprak enzimleri, toprak kalitesi.
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Monitoring the Short-Term Effect of Banana Waste Compost on the Enzymatic Activities of Soil Associated with Nitrogen and Phosphorus

INTRODUCTION

The addition of materials derived from organic sources is a common approach of correcting the physical,
chemical, and biological qualities of the soil and ensuring its continuity. In general, organic matter has a
positive influence on soil nutrient content, nutrient absorption, soil aggregation, water holding capacity,
aeration, plasticity, temperature, pH, microbial diversity, erosion sensitivity, and production capacity
(Kome et al., 2019). It has been known for a long time that the production capacity of soils is directly
related to the amount of organic matter they contain. In this context, it is reported that soils rich in
organic matter are more efficient, serve as a source and storehouse for nutrients such as nitrogen,
phosphorus, sulfur, and also serve as a source of energy and nutrients for soil organisms (Goss et al.,
2013). In addition, organic matter is responsible for 20-70% of the cation exchange capacities of most soils.
In other words, although it makes up a very small percentage of soils by weight, it is an important soil
parameter that affects soil fertility and structure (Nawaz et al., 2013).

Compost is obtained from organic waste by microbiological oxidation under aerobic conditions by
various methods. This material is a biologically sterilized substance of organic character, odorless, low in
volume weight, high in water holding capacity, containing macro- and micronutrients favorable for the
plant, in a granular structure (Wang et al., 2021). Despite the increasing use of compost in recent years in
the world, this material still does not receive the attention it deserves. It has been shown that the
application of this material to the soil increases the yield of plants, improves soil structure, increases
cation exchange capacity, and also accelerates biochemical activity (Adugna, 2016). Tons of banana
pruning waste occur every year in the regions where banana cultivation is intensively carried out in
Turkey (Aksu, Serik, Manavgat, Alanya, Anamur, Gazipasa, Bozyazi) and they cause serious
environmental pollution. However, in tropical regions where banana cultivation is intensive, farm
manure is never used as an organic fertilizer, instead, banana stems and leaves are used directly (Teixeira
et al., 2021). In Turkey, relatively expensive farm manure is used as an organic fertilizer in banana
cultivation. Plantain plant stems and leaves are very rich in plant nutrients. Every year in an area where
bananas are grown, an average of about 20 tons of waste per decare comes out as stems and leaves during
the maintenance-pruning period after harvest (Alzate Acevedo et al., 2021). It was reported that the
amounts of nutrients thrown out of the plantation with these plant wastes every year are in the form of 60
kg N, 25 kg P20s, 100 kg K20, 12.5 kg CaO and 3.0 kg MgO (Padam et al., 2014).

For microorganisms to benefit from large-molecule organic substances found in the soil, they must
secrete their enzymes into the medium and break down these compounds into simple compounds of the
size they can absorb (Jacoby et al., 2017). A very large part of the enzymes in the soil are extracellular
enzymes that living soil microorganisms release to the outside to break down nutrients, as well as
enzymes that become partially or completely free after the death of microorganisms and mix with the
soil. These enzymes are adsorbed by inorganic (clay minerals) and organic (humus) colloids of the soil.
Adsorbed enzymes are more resistant to external influences than other enzymes (compared to those
secreted from plants and animals) and are able to maintain their activity for a long time (Datta et al.,
2017). By measuring the activity of enzymes secreted by soil microorganisms, important information can
be obtained about the state of soil fertility (R6zyto and Bohacz, 2020). In each culture soil, there is a level
of enzymes specific to that soil. The amount and types of enzymes also depend on the properties and
amounts of harvest residues remaining in the soil, as well as the types and amount of organic and
inorganic fertilizers supplied (Szostek et al., 2022). Within the scope of this study, banana pruning waste
compost was applied to the soil both alone and together with leonardite and vinasse compost. In this
context, the effects of banana waste compost on some chemical properties of the soil (exchangeable
mineral nitrogen, available phosphorus, pH, EC) and enzyme activities (urease and alkaline phosphatase)
were tried to determine by the compare with leonardite and vinasse compost.

MATERIAL AND METHOD

Preparation of Compost

Banana waste was obtained from a banana greenhouse (36° 21" 3" N; 32° 15" 47" E, altitude 185 m)
belonging to a farmer located in the Alanya District of Antalya and then composted by heap composting
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method. The composting material was formed from the remaining parts of the banana plant and the
seedlings left over from the harvest. The composting process was carried out according to the method
reported by Torres-Climent et al. (2015). Accordingly, sawdust 20 cm high was spread on the surface as a
substrate to ensure air passage, and a mixture of soil and farm manure 10 cm thick was added to it. After
the mixture was sufficiently moistened, banana waste cut into small pieces was added to it so that it was
30 cm thick. 10 cm of soil-farm fertilizer mixture and 30 cm of banana waste were added to the pile again.
After that, it was spread on a 10 cm soil-farm fertilizer mixture for the last time and after it was
sufficiently soaked, it was covered with a nylon wrap and expected to reach the appropriate temperature.
After one to three days, the wrap was opened and the pile was mixed uniformly, then some water was
added to adjust the amount of moisture. After that, compost was obtained by 1 mixing process and
moisture control per week for 14 weeks.

Experiment Management

Within the scope of the study, a potting experiment was established in the greenhouse located in the area
where banana pruning waste was provided. The soil sample to be used in the pots was taken from an
area where no previous application had been made. According to the analyses, it was determined that the
composition of the experimental soil was clay-loam, moderate alkaline (pH 7.75). Its EC was salt-free
(0.258 uS cm1), the amount of organic matter was poor in humus (1.88%), the amount of lime was high
(19%). In addition, it was determined that it was also in the inadequate class in terms of some nutrient
elements (total N: 0.082%; available P: 3.84 P20s kg da). In order to better see the effectiveness of banana
waste compost, leonardite and vinasse compost were also used. The leonardite and vinasse compost used
in the experiment was obtained from a commercial company (Deryagri co. ltd.). The properties of all
materials applied to the soil are listed in Table 1.

Table 1. Properties of materials applied to the soil.
Cizelge 1. Denemede topraga uygulanan materyallerin 6zellikleri.

Parameter Banana waste Leonardite Vinasse compost
compost (BWC) (LT) (VO)

pH 8.2 5.8 7.4
Moisture (%) 30 20 20
Organic matter (%) 48 65 32
Organic carbon (%) 27.8 37.7 18.5
C/N rate 25/1 18/1 14/1
C/P rate 30/1 21/1 15/1
Humic+fulvic acid (%) 45 78 42
Total N (%) 1.1 2 1.3
Total P (%) 0.9 1.8 1.2

In the experiment, 5 mm sieved soils were filled into pots that received 3 kg of soil first. Then, according
to the random plots experiment pattern, banana compost was applied to the soil in 4 different application
rates (0, 2, 4, 8 t da’) both alone and in combination with leonardite and vinasse compost in a 3-repeat.
Vinasse compost and leonardite were applied to pots at the commercially recommended dose. The
treatments to the soil in the experiment are as follows: control (CL: no treatment), banana waste compost
alone (BWC-2: 2 t da?’; BWC-4: 4 t da’; BWC-8: 8 t da?), leonardite alone (LT: the recommended
application rate), leonardite with banana waste compost (BWC-2+LT;, BWC-4+LT; BWC-8+LT), vinasse
compost alone (VC: the recommended application rate), vinasse compost with banana waste compost
(BWC-2+VC;, BWC-4+VC;, BWC-8+VC). These materials were calculated and weighed to be in the
indicated application rates. Next, it was poured into the potting soil uniformly and carefully mixed.
During the experiment period, attention was paid to the fact that the moisture level of the mixture in the
pots will be 60% of the field capacity of the soil. For this, the pots were weighed and the amount of water
calculated according to the weight loss was supplemented with well water. In addition, the location of
the pots was changed periodically. After the procedures of taking soil samples for analysis were
completed, the experiment was terminated.
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Collection of Samples and Methods of Analysis

Texture, total nitrogen (N), available phosphorus (P), pH, EC, lime, organic matter, and the activities of
urease and alkaline phosphatase were determined in the soil sample taken before the experiment was
established. In the obtained banana waste compost and leonardite and vinasse compost, the amount of
moisture, pH, ES amount of organic matter, and nutrients (total C, N, P) were determined. After the
experiment was established, urease and alkaline phosphatase activities, ammonium-nitrate and available
phosphorus were determined in the soil samples taken from 0-10 cm depth on the Ot, 10t%, 20, 40t and
80t days. In addition, pH and EC measurements were also determined.

Soil texture was determined by according to the hydrometer method (Bouyoucos, 1951). pH and EC were
measured by 1/2.5 soil-pure water mixture (Jackson, 1967). Soil lime was determined by according to the
calcimeter method (Caglar, 1949). Soil organic matter was determined by according to the modified
Walkley-Black method (Black, 1965), and total nitrogen by according to the modified Kjeldahl method
(Kacar, 1995). Soil exchangeable NH4+-NOs determined by according to the steam distillation method
(Bremner, 1965), and available P by according to the Olsen method (Olsen and Sommers, 1982). The
analyzes made on the materials applied to the soil are as follows: pH and EC were determined in 1/10
waste-pure water mixture (Jackson, 1967). Moisture, organic matter and, organic carbon were determined
by weight loss which occurs as a result of burning in the muffle furnace (Kacar, 1990). Total N and total P
were determined by according to the wet digestion method (Kacar and Inal, 2008). Total Humic + Fulvic
acid was determined according to the by TS 5869 ISO method no 5073 (TSE, 2003).

The urease activity of soils was determined according to Hoffman and Teicher's (1961) method.
Accordingly, 0.2 ml of toluene, 7.5 ml of citrate buffer solution (184 g of citric acid and 147 g of potassium
hydroxide / 1 L, pH 6.7) and 10 ml of urea solution (10%) were added to 10 g of moist soil. Next, this
mixture was incubated for 1 hours at 37 ° C. The final volume was brought to 100 ml and filtered. The
ammonium released after the addition of the color solution was measured at 578 nm. Alkaline
phosphatase activity was determined according to the method of Tabatabai and Bremner (1969). For this,
0.2 ml of toluene, 4 ml of MUB (12.1 g of tris, 11.6 g of maleic acid, 14.0 g of citric acid and 6.3 g of boric
acid /1 L, pH 11) and 1 ml of p-nitrophenyl phosphate (0.835 g of PNP phosphate/50 ml of MUB) were
added to 1 g of soil. This mixture was incubated for 1 hour at 37 °C, and after incubation, 1 ml of 0.5 M
CaClz and 4 ml of 0.5 M NaOH were added to the mixture and filtered. The intensity of the formed
yellow color was determined at 410 nm. After calculating the moisture content of the soils for both
enzyme activities, the results were expressed in terms of dry soil equivalents.

Statistical Analysis

The significance of the numerical data obtained in the experiment was determined at the 5% level by
repeated measurement analysis (rANOVA) in the SPSS 17.0 package program. The significant findings
were grouped by Duncan multiple comparison test (SPSS, 2008).

RESULTS AND DISCUSSION

Urease Activity

The effects of interaction between applications and sampling times on the urease activity of soil were
found to be statistically insignificant (Table 2). However, considering the average values depending on
the time of application, the BWC-2+LT, BWC-4+LT and BWC-8+LT (69.57, 67.05 and 74.93 ug NH4+-N g1
dw h', respectively) applications were found to increase of soil urease activity statistically greater than
that of others. On the other hand, it was determined that the urease activity of the soil reaches the highest
levels during the 10, 20, and 40t days. The increase in soil enzyme activity is parallel to the increase in
soil organic matter. This situation reveals that enzymes are linked to the population dynamics of the soil
biota (Myszura et al., 2021). It is reported that the increase in urease activity with the addition of organic
matter to the soil is mainly attributed to the nitrogen content of the added material (Piotrowska-Dtugosz
et al., 2022). It can be stated that the amount of both nitrogen (1.1%) and organic matter (48%) in the
banana waste compost used in this study is not very low. In addition, it’s the C/N ratio (25/1) is also high.
However, since the leonardite added to the compost has better properties, it is considered that banana
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waste compost alone cannot be effective on urease activity. As a matter of fact, it can be stated that the
leonardite used in the experiment is a good source of organic matter (65%), carbon (37.7%) and nitrogen
(2%).

Table 2. Effect of applications on urease activity of soil (ug NH+-N g dw h).
Cizelge 2. Uygulamalarin topragn iireaz aktivitesi iizerine etkisi.

Treatments Sampling time (days)

0 10 20 40 80 Mean
CL 4.06 7.84 7.77 9.29 9.43 7.68e!
BWC-2 21.87 28.67 2492 30.76 11.18 23.48de
BWC-4 35.65 34.52 38.89 35.68 26.46 34.24c
BWC-8 36.23 38.19 36.36 36.62 24.10 34.30c
vC 30.26 31.27 32.44 27.70 26.46 29.63d
BWC-2+VC 32.25 34.76 35.09 32.00 28.80 32.58¢
BWC-4+VC 19.58 22.16 21.74 30.76 27.63 24.37de
BWC-8+VC 14.98 26.72 29.89 33.84 29.97 27.08d
LT 4547 53.56 58.27 58.06 54.63 54.00b
BWC-2+LT 58.64 77.22 79.63 78.34 54.04 69.57a
BWC-4+LT 59.22 65.75 82.10 75.90 52.27 67.05a
BWC-8+LT 56.91 82.02 96.07 83.2608 56.38 74.93a
Mean 34.59b2 41.8%a 45.26a 44.35a 33.44b

rANOVA (LSD %5)

Sampling time 11.2471%**3
S)

Treatment (T) 62.181***
SxT Ns*

1 The values lettered are the mean of the applications. Differences between values not denoted by the same letter are significant at
the 5% level.

2The lettered values are the mean of the sampling time. Differences between values not denoted by the same letter are significant at
the 5% level.

3p<0.001

4Ns: Not significant.

Alkaline Phosphatase Activity

The effects of interaction between applications and sampling times on the alkaline phosphatase activity of
soil were found to be significant at the p < 0.001 level (Table 3). In addition, according to the time-
dependent average values of the applications, it was found that the application of BWC-4+LT (53.69 pg
PNP g dw h) statistically increased the urease activity of the soil more than others. On the other hand,
it was determined that the alkaline phosphatase activity of the soil 10™ day reaches the highest levels. It
was shown that organic materials added to the soil increase the phosphatase activity of the soil, so there
is a close relationship between the amount of soil organic matter and the phosphatase activity (Margalef
et al., 2017). It is reported that organic fertilizers, which are widely used to increase soil organic matter,
increase the activity of this enzyme by acting as a substrate for the phosphatase (Shang et al., 2020).
Although the banana waste compost used in this study is not insufficient in terms of phosphorus (total P:
0.9%) and organic carbon (27.8%), the highest phosphatase activity value was obtained in the application
of banana waste compost with the addition of leonardite (organic matter: 65%, total P: 1.8%). In this case,
it can be said that the combined application is more stimulating on microorganisms that secrete the
enzyme alkaline phosphatase. This situation is likely to occur as a result of the high C/P ratios of both
banana waste compost (30/1) and leonardite (21/1). As a matter of fact, it has been shown that a
significant increase in the activity of the alkaline phosphatase enzyme secreted from microorganisms also
occurs with an increase in the amount of organic-bound P, which acts as a substrate in the soil (Cabugao
et al., 2017).
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Table 3. Effect of applications on alkaline phosphatase activity of soil (ug PNP g dw h-).
Cizelge 3. Uygulamalarin topragin alkali fosfataz aktivitesi iizerine etkisi.

Treatments Sampling time (days)

0 10 20 40 80 Mean
CL 14.97 23.68 24.18 18.65 26.04 21.50d!
BWC-2 18.40 69.75 39.72 29.82 33.50 38.24cd
BWC-4 18.70 79.51 47.02 35.57 44.50 45.06bc
BWC-8 22.98 72.58 42.99 38.80 39.22 43.31bc
vC 25.26 91.53 36.12 34.79 51.91 47.92b
BWC-2+VC 18.86 94 37.47 38.04 47.82 47.24b
BWC-4+VC 16.51 97.76 47.24 43.00 42.18 49.34b
BWC-8+VC 17.14 96.58 37.76 38.88 53.71 48.81b
LT 18.12 72.78 3543 35.63 42.30 40.85¢
BWC-2+LT 19.30 106.96 45.10 40.24 45.79 51.48ab
BWC-4+LT 23.40 91.24 43.12 50.09 60.62 53.69a
BWC-8+LT 22.93 77.79 46.42 45.46 63.98 51.32ab
Mean 19.71¢? 81.18a 40.21bc 37.41bc 45.97b

rANOVA (LSD %?5)

Sampling time
(S) 83.132%*3
Treatment (T) 12.196***
SxT 5.267***

1 The values lettered are the mean of the applications. Differences between values not denoted by the same letter are significant at
the 5% level.

2The lettered values are the mean of the sampling time. Differences between values not denoted by the same letter are significant at
the 5% level.

3p <0.001

Exchangeable NH4-NOs
The effects of interaction between applications and sampling time on the exchangeable NH4-NO:s of soil
were found to be statistically significant at the p <0.001 level (Table 4).

Table 4. Effect of applications on exchangeable NH4-NO:s of soil (mg kg™).
Cizelge 4. Uygulamalarin topragin deZisebilir NHa-NOs kapsamu iizerine etkisi.

Treatments Sampling time (days)

0 10 20 40 80 Mean
CL 7.27 10.42 14.55 10.13 5.64 9.60e!
BWC-2 10.27 26.59 24.26 20.59 6.44 17.63d
BWC-4 13.76 35.46 26.90 17.46 7.32 20.18¢
BWC-8 13.36 27.73 32.19 16.67 14.06 20.80bc
VC 11.64 27.87 24.70 26.02 21.52 22.35b
BWC-2+VC 11.20 19.49 33.08 25.97 21.56 22.26b
BWC-4+VC 12.39 23.85 31.75 22.53 17.46 21.60bc
BWC-8+VC 22.76 31.05 32.19 13.62 18.96 23.72b
LT 25.93 30.08 20.73 19.58 22.09 23.68b
BWC-2+LT 19.44 29.02 31.31 14.15 19.00 22.58b
BWC-4+LT 24.61 25.79 32.63 14.86 17.99 27.66a
BWC-8+LT 32.10 27.69 34.84 21.52 22.14 23.18b
Mean 17.06bc? 26.25a 28.26a 18.59b 16.18¢c

rANOVA (LSD %5)

Sampling time
S) 61.125%**3
Treatment (T) 16.148***
SxT 8.234%**

1The values lettered are the mean of the applications. Differences between values not denoted by the same letter are significant at the 5% level.
2The lettered values are the mean of the sampling time. Differences between values not denoted by the same letter are significant at the 5% level.
3

p<0.001
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In addition, taking into account the time-dependent average values of the applications, it was found that
the application of BWC-4+LT (27.66 mg kg) statistically increased the exchangeable NH4+-NO:s of the soil
more than others. On the other hand, it was determined that the exchangeable NH4-NO:s of the soil on 10t
and 20t days has reached the highest levels. According to Turan (1967), the amount of NOs-N in the soil
of the coastal region of Antalya Province varies between 2.0-52.5 mg kg'. Accordingly, the values
obtained in the study seem to be compatible with the literature. In addition, when assessed according to
FAO (1990), it was determined that the soil is in the adequate class of nitrogen coverage. Accordingly, it
can be stated that the banana waste compost with the addition of leonardite enriches the soil with mineral
nitrogen. Similarly, Ece et al. (2007) determined that the total N content of soils increased from 0.086% to
0.095% as a result of the application of different doses of leonardites. It can be said that the leonardite
used in the study enriched the banana waste compost with nitrogen, which had a positive effect on soil
application.

Available P

The effects of the interaction between the applications and the sampling time on the available P of the soil
were found to be statistically insignificant (Table 5). However, when taking into account the time-
dependent average values of applications, it was found that the application of BWC-4+LT (10.29 mg kg™)
statistically increased the available P more than other. On the other hand, it was determined that the P
value of the soil 20t day reaches the highest levels.

Table 5. Effect of applications on available P of soil (mg kg1).
Cizelge 5. Uygulamalarin topragin alinabilir P kapsam iizerine etkisi.

Treatments Sampling time (days)

0 10 20 40 80 Mean
CL 6.49 5.30 6.38 5.24 4.62 5.61d!
BWC-2 9.84 6.34 12.61 9.97 4.54 8.66b
BWC-4 8.64 5.70 11.05 6.59 9.61 8.32b
BWC-8 6.82 9.90 13.19 7.30 7.53 8.95b
vC 8.39 9.39 12.88 7.19 6.75 8.92b
BWC-2+VC 5.05 8.91 10.52 8.53 8.69 8.34b
BWC-4+VC 6.21 6.51 8.64 8.30 6.27 7.19¢
BWC-8+VC 5.88 8.66 1043 7.98 8.69 8.33b
LT 6.56 7.77 11.25 8.71 7.40 8.34b
BWC-2+LT 6.29 8.64 9.50 8.00 6.58 7.80c
BWC-4+LT 6.10 9.93 12.90 8.62 8.13 10.29a
BWC-8+LT 7.36 10.09 12.47 11.48 10.05 9.14ab
Mean 6.97d? 8.10b 10.99a 8.16b 7.41c

rANOVA (LSD %5)

Sampling time
(S) 19.531***3
Treatment (T) 4.129%**
SxT Ns*

1 The values lettered are the mean of the applications. Differences between values not denoted by the same letter are significant at
the 5% level.

2The lettered values are the mean of the sampling time. Differences between values not denoted by the same letter are significant at
the 5% level.

3p<0.001

4Ns: Not significant.

According to FAO (1990) range of 2.5-8 mg kg’ is evaluated in the poor class for the P of soil
Accordingly, it can be stated that the banana waste compost combined with the leonardite used in the
study increases the soil available P. However, Materechera and Morutse (2009) report that vegetable
compost and manures are an important source of organic P required by plants and microorganisms.
Similarly, in previous studies, it was shown that compost applications obtained from various organic
wastes increase the total P content of the soil (Jakubus, 2016; Lanno et al., 2021; Santos et al., 2018). On the
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other hand, it was reported that humic and fulvic acid have effects on increasing the surface area in the
soil, and this has an effect on capillary rooting and especially on the access of low mobility nutrients such
as phosphorus to the plant roots (Noroozisharaf and Kaviani, 2018). From this point of view, it is
considered important that the leonardite used in the experiment has a high humic +fulvic acid content
(78%) compared to other materials.

pH

The effects of the interaction between the applications and the sampling time on the pH of the soil were
found to be statistically significant at the p <0.01 level (Table 6). In addition, taking into account the time-
dependent average values, it was found that BWC-2+LT (7.16) and BWC-8+LT (7.18) applications
statistically reduced the soil pH more than others. On the other hand, it was determined that the pH
value of the soil has reached the lowest levels the 40t day. Organic matter applied to the soil by means of
organic fertilizers, CO2 and organic acids released when they are broken down by microorganisms cause
drops in the pH of soils with alkaline reactions (Neina, 2019). However, when organic fertilizers with
alkaline reaction are applied to soils with acid reaction, they cause a short-term increase in pH (Whalen et
al., 2000). The usefulness of plant nutrients is determined by pH. In the study, the decrease in soil pH can
be mainly attributed to the combination of banana waste compost with leonardite. Accordingly, it is
believed that this material enriched with organic matter stimulates microorganisms more in the soil, and
acids released as a result of microbial activity also cause a decrease in soil pH. It was reported that the
application of organic fertilization material mostly causes a decrease in soil pH (Assefa and Tadessa,
2019).

Table 6. Effect of applications on soil pH.
Cizelge 6. Uygulamalarin topragin pH'st iizerine etkisi.

Treatments Sampling time (days)

0 10 20 40 80 Mean
CL 7.39 7.53 7.48 7.42 7.38 7.44ab!
BWC-2 7.35 7.55 7.44 7.01 7.17 7.30b
BWC-4 7.40 7.48 7.48 6.85 7.18 7.28b
BWC-8 7.31 7.74 7.53 6.83 6.82 7.25bc
vC 7.32 7.68 7.52 7.27 7.51 7.46ab
BWC-2+VC 7.50 7.67 7.43 7.27 7.39 7.45ab
BWC-4+VC 7.56 7.68 7.59 7.22 7.33 7.48a
BWC-8+VC 7.44 7.66 7.56 7.41 7.46 7.51a
LT 7.19 7.60 7.52 7.27 7.50 7.42ab
BWC-2+LT 7.43 7.58 7.36 6.64 6.80 7.16¢
BWC-4+LT 7.43 7.66 7.43 6.71 7.14 7.27bc
BWC-8+LT 7.33 7.60 7.60 6.53 6.83 7.18¢
Mean 7.39¢2 7.62a 7.50b 7.04e 7.13d

rANOVA (LSD %5)

Sampling time
(S) 39.128***3
Treatment (T) 1.657%*4
SxT 1.238**

1 The values lettered are the mean of the applications. Differences between values not denoted by the same letter are significant at
the 5% level.

2The lettered values are the mean of the sampling time. Differences between values not denoted by the same letter are significant at
the 5% level.

3p <0.001

4p<0.01

EC

The effects of the interaction between the applications and the sampling time on electrical conductivity
(EC) of the soil were found to be statistically significant at the p < 0.001 level (Table 7). In addition, taking
into account the time-dependent average values of the applications, it was found that the application of
BWC-8+LT (1401.17 uS cm™) statistically increased the EC of the soil more than others. On the other hand,
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it was determined that the EC value of the soil 40* day reaches the highest levels. The EC, which is the
expression of the salinity state in the soil, is an important factor affecting plant nutrition and other soil
properties. In saline soils, plant development and microorganism activity decrease due to the toxic effects
of salts, increased osmotic pressure, and poor weathering conditions (Machado and Serralheiro, 2017). In
general, it is reported that rapid EC increases do not occur in the soil with the application of organic
fertilizers, so that there are no salinity problems in the soil (Shahid et al., 2018). In this study, it was
determined that even in the application of banana waste compost combined with leonardite, which
causes the highest EC increase, no salinity was formed in the soil. Similarly, it was reported that there is
no rapid nutrient enrichment in the compost applied soil and, accordingly, there is no salinity problem
(Lakhdar et al., 2009).

Table 7. Effect of applications on soil EC (uS cm).
Cizelge 7. Uygulamalarin topragin EC’si iizerine etkisi (uS cm™).

Treatments Sampling time (days)

0 10 20 40 80 Mean
CL 541.87 772.65 693.37 908.24 574.19 698.06e!
BWC-2 710.79 919.61 863.30 1285.73 588.58 873.60c
BWC-4 800.68 1186.25 977.68 1297.60 808.25 1014.09b
BWC-8 991.06 1419.81 1109.23 1669.28 739.32 1185.74b
vC 615.85 725.43 617.11 1420.82 572.17 790.28d
BWC-2+VC 735.28 922.64 821.64 1431.93 689.33 920.16bc
BWC-4+VC 765.08 964.30 1017.83 1307.95 677.71 946.57bc
BWC-8+VC 696.65 1309.21 1374.11 1537.22 754.22 1134.28b
LT 997.38 1196.35 1153.17 1481.67 762.05 1118.12b
BWC-2+LT 1077.67 1146.29 1411.22 1355.93 767.10 1151.64b
BWC-4+LT 1048.13 1502.38 1462.48 1396.07 830.22 1247.86b
BWC-8+LT 1352.14 1489.75 1467.03 1427.38 1269.57 1401.17a
Mean 861.05¢? 1129.55b 1080.68b 1376.65a 752.72d

rANOVA (LSD %5)

Sampling time
(S) 92.258***3
Treatment (T) 1.425%*4
SxT 5.367***

1 The values lettered are the mean of the applications. Differences between values not denoted by the same letter are significant at
the 5% level.

2The lettered values are the mean of the sampling time. Differences between values not denoted by the same letter are significant at
the 5% level.

3p <0.001

4p<0.01

CONCLUSION

Within the scope of this study, banana pruning waste compost was applied to the soil both alone and
together with leonardite and vinasse compost. In this context, some of the soil chemical properties of
banana waste compost (subject to change of mineral nitrogen, available phosphorus, pH, EC) and
enzyme activities (urease and alkaline phosphatase) in comparison with molasses and compost effects on
leonardit determined. According to the results obtained; it was found that the mixtures of banana waste
compost combined with leonardite have a more positive effect on the pH, EC, exchangeable NH+-NOs,
available P, urease and alkaline phosphatase activity of the soil in general than other treatments.
Considering the economic benefit, it can be stated that it will be appropriate to apply banana compost
enriched with leonardite to the soil with a minimum of 4 t da! to improve the soil, and it may be possible
to enrich the soil with nitrogen and phosphorus 10 to 20 days after this application. In order to increase
the widespread effect of the results obtained, it is clear that banana waste compost is used in plant
cultivation with different production models, and long-term studies are needed that include variables
such as different climate and soil type.
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Species Delimitation Analysis to Reveal the Origin of Turkish Podarcis siculus siculus (Rafinesque-
Schmaltz, 1810) Populations
Ttiirkiye Podarcis siculus siculus (Rafinesque-Schmaltz, 1810) Populasyonlarinin Kékenini Ortaya
Cikarmak i¢in Tiir Stnirlarinin Belirlenmesi*
Ferhat Matur” "/, Kamil Candan!2"*, Cetin Ilgaz12"*, Cemal Varol Tok? Mustafa Sozen4'™,
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Oz: Tiirkiye'ye insan eliyle getirilen Podarcis sicurus tiirtiniin kékeninin iki farkli kaynak populasyona dayanma olasiligi ya da farkli cografyalara
taginan Orneklerin alttiir seviyesinde farkilasma olasiligi bulunmaktadir. Ada tiirlerinde gozlemlenen hizli evrimlesme siiregleri, tasinmis ve izole
olmus popiilasyonlarda da benzer sekilde ortaya cikabilmektedir. Bu galismada Tiirkiye’den ii¢ farkli lokaliteden; Zonguldak, istanbul ve Samsun'dan
elde edilen 6rneklerden dokular alinmistir. mtDNA gen dizileri elde edilmis ve Tiirkiye'ye ait Podarcis sicurus drnekleri ve Genbanktan indirilen
dizilerle birlestirilmistir. Filogenetik analizler ve tiir sinirlama analizleri yapilmigtir. Buna gore, tiiriin Tiirkiye'den elde edilen 6rnekleri cografik
izolasyonlarina benzer sekilde iki farkli haplotipte gruplanmigtir. Bu gruplarin farkli kaynak gruplari oldugu goriilmiistiir. Species delimination
analizleri ise bu haplotiplerin farkliliklagmasinin alttiir diizeyinde olabilecegini gostermektedir.

Anahtar Kelimeler: Podarcis sicurus, taginan tiir, tiir sinirlandirma analizi, Ttirkiye

&

Abstract: It is possible that the origin of Podarcis sicurus, which was introduced to Turkey by humans, is based on two different source populations or
that the samples introduced to different geographies may differ at the subspecies level. The rapid evolutionary processes observed in island species
can similarly occur in introduced and isolated populations. In this study Tissues were taken from samples obtained from Zonguldak, Istanbul and
Samsun. mtDNA gene sequences were obtained and combined with Podarcis sicurus samples from sequences downloaded from Genbank. Phylogenetic
analyzes and species delimitation analyzes were executed. Accordingly results, the specimens obtained from Turkey were grouped into two different
haplotypes, similar to their geographic isolation. It has been observed that these groups are different resource groups. Species delimination analyzes
show that the differentiation of these haplotypes may be at the subspecies level.
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Tiirkiye Podarcis siculus siculus (Rafinesque-Schmaltz, 1810) Populasyonlarinin Kékenini Ortaya Cikarmak i¢in Tiir Stmirlanmin
Belirlenmesi (Species Delimitation Analysis to Reveal the Origin of Turkish Podarcis siculus siculus (Rafinesque-Schmaltz, 1810)
Populations)

INTRODUCTION

Isolated populations evolve faster than those on main continents (Buglione et al., 2019). The gene pool of
an introduced species also affects its rate of differentiation. The distribution range of Podarcis siculus (Italian
wall lizard) includes the southern Alps, many islands in the Tyrrhenian Sea (Italy), the island of Sardinia
(Sicily), remote parts of southern Switzerland, Corsica (France), the Adriatic coast of southwestern
Slovenia, throughout western and southern Croatia, and from the far southern parts of Bosnia and
Herzegovina to Montenegro. According to Podnar et al. (2005) and Isailovic et al. (2009), human-transported
populations are also found in southern France, the Iberian Peninsula (Spain and Portugal), the Balearic
Island Menorca (Spain), northwestern Turkey, Galite Islands (Tunisia), and Lampedusa Island (Italy). The
number of Podarcis siculus subspecies defined so far is already high, and researchers still keep adding new
subspecies to this list. According to the review by Henle and Klaver (1986), based on morphological
characters, P. siculus contains 52 subspecies. Allozyme electrophoresis (Gorman et al., 1975; Capula and
Ceccarelli, 2003) and mitochondrial DNA sequencing (Oliverio et al., 1998, 2001; Podnar ef al., 2005) have
been performed to reveal the taxonomic position of P. siculus. As the results of these studies suggest, it is
not realistic to define some of the subspecies based only on morphological methods. P. siculus hieroglyphicus
was first described from Istanbul by Berthold (1842). Afterwards, the taxon was also recorded from other
localities on some islands in the Sea of Marmara (Bird, 1936; Bodenheimer, 1944; Basoglu and Baran, 1977;
Cevik, 1999). Ugurtas et al. (2000) recorded the taxon from a village 10 km west of Iznik, in the centers of
Burda and Cakirca. Hiir et al. (2008) took records of P. siculus hieroglyphicus from Kazdaglari (Hamdibey
Village). Finally, Mollov (2009) showed that the taxon is also dispersed in Giizelyali town, southeast of
Mudanya. Molecular studies are essential for this taxon, where there is taxonomic confusion regarding
each of the local populations at the subspecies level. A study by Silva-Rocha et al. (2012), carried out with
samples obtained from Turkey, suggests that P. siculus was introduced to Turkey from Italy by humans.

It may not be correct to classify a taxon with a relatively large and fragmented distribution within a single
category in a geography such as Turkey, especially if this taxon has a high subspeciation ratio, such as
Podarcis. Important results can be obtained from a study that investigates the taxonomic status and the
biogeography of these subspecies, identifying the regions of Italy where P. siculus originated from, and
revealing the genetic diversity of this taxon in Turkey, by comparing all populations. The aim of this study
is to evaluate the status of Podarcis siculus by comparing the sequence analyses of samples from both Italy
and Turkey in order to see the degree of differentiation of the studied populations, and if any, by revealing
them with species delimitation analysis.

MATERIAL AND METHOD

We isolated and sequenced DNA from 19 specimens (Table 1), and compare these with 89 sequences
uploaded to GenBank, 37 of which were given in Podnar et al. (2005) and 52 in Kolbe et al. (2013). Sequences
taken from GenBank are listed in Appendix 1.

DNA isolation from tissue samples in the field and in the laboratory was made using the protocol provided
with ready-made kits (QIAGEN DNeasy). The gene region and PCR protocols used in molecular studies
were taken from Podnar et al. (2005). Raw sequence data of the DNA region was transferred to the Geneious
V.R11 software, the bases of each gene region were checked one by one for each individual, and all data
for each gene region were separately submitted to BioEdit version v.7.2.5 (Hall, 1999), where aligned data
matrices were generated for each imported gene region. The haplotype diversity (h) and nucleotide
diversity (pi) in each species were calculated for the target gene using DnaSP v.5 (Librado and Rozas, 2009),
where aligned datasets of the gene region were also calculated, revealing the number of different
haplotypes for each species in the matrices and their frequencies.
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Table 1. Sampling information from Turkey. Other DNA sequences were taken from the genebank listed in Appendix 1.
Cizelge 1. Tiirkiye'den elde edilen drneklerin lokalite bilgileri. Diger DNA dizileri Ek 1'de listelenmis Genbank verileridir.

Code Locality Genebank accesion numbers
1095 Samsun OK513199
1096 Samsun OK513200
1098 Samsun 0OK513201
1117 Samsun OK513202
1119 Samsun OK513203
1125 Samsun OK513204
1126 Samsun OK513205

11298 Samsun OK513206
IPS2 Istanbul OK513207
IPS3 Istanbul OK513208
IPS4 Istanbul OK513209
IPS5 Istanbul OK513210
IPS6 Istanbul OK513212
ZPs1 Zonguldak OK513213
VA7 Zonguldak OK513214
ZPSs3 Zonguldak OK513215
ZPs4 Zonguldak OK513216
ZPS5 Zonguldak OK513217
ZPs6 Zonguldak OK51321
1095 Samsun OK513199
1096 Samsun OK513200
1098 Samsun 0OK513201
1117 Samsun OK513202
1119 Samsun OK513203
1125 Samsun OK513204
1126 Samsun OK513205

Bayesian (Huelsenbeck and Ronquist, 2001) approach was used for phylogenetic analysis. The obtained
data matrices were transferred to jModeltest v.2 (Posada, 2008) and the most suitable base change model
for the data matrix was determined, as suggested by the model drafts of Akaike Information Criterion
(Akaike, 1973; 1974) and Bayesian Information Criterion (Schwarz, 1978). Using this base change model,
Bayesian analysis was performed with MrBayes v.3.0 (Ronquist and Huelsenbeck, 2003). After the analysis,
50% Majority Consensus tree was drawn and posterior probability values were determined on the tree.

Molecular Clock Analysis

Using the calibration points given in Colangelo et al. (2010) , the molecular clock calculations were made
and the dates obtained were interpreted in the context of phylogeographic events. To determine the
separation times of species and lineages, the Bayesian Markov Chain Monte Carlo (MCMC) coalescent
method in Beast 1.7 (Drummond et al., 2012) was used, and before making any datings on the tree, the null
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hypothesis of equal molecular evolution along the lineage lines was tested in two ways (Relaxed Clock and
Likelihood Ratio Test). MCMC analysis was performed using the lognormal relaxed clock option. Effective
sample sizes and posterior probability density distributions and separation times and their 95% confidence
intervals were calculated for all parameters transferred to Tracer v1.7 (Rambaut et al., 2018). Finally, FigTree
1.3.1 (Rambaut, 2009) was used to generate a chronogram of the results, including the confidence intervals.

Species Delimitation

The GMYC model (Generelized mixed Yule coalescent) is widely used to delimitate species based on a
single locus. GMYC analysis Ardila et al. (2012) using the ultrametric tree obtained from BEAST analysis
with bGMYC and SPLITS packages loaded into R 4.1.0 software (R Core Team, 2021). To ensure the
accuracy of the approach, each individual gene region was analyzed as well as all the gene regions together.
The two techniques used for GMYC, single and multiple threshold approaches, were tried again for each
method, and inferences were made about the existence and boundaries of new species according to the
results.

RESULTS AND DISCUSSION

Genetic diversity analyses were executed by DnaSP v6 (Rozas et al., 2017). Accordingly, 3 haplotypes were
obtained in Istanbul populations. Haplotype diversity was calculated as 0.38. Polymorphism was found to
be quite low. In Zonguldak populations, 2 different haplotypes were obtained, and haplotype diversity
was calculated as 0.33. Inter-population gene flow value (Fst) was 0.67, a moderate genetic flow was found.
However, calculated Fst value of 0.68 in Italy samples and 0.73 in Croatia samples suggest that the gene
flow of Turkish populations occurred at an earlier time than those in Croatia and Italy. Genetic distances
were calculated by MEGA X (Kumar et al.,, 2018) and the grouping was made similar to the species
delimitation tree. In total, 16 groups were revealed by the analysis (Table 2 and Figure 2). The distance
scores showed a very small distance between Italy and Turkey (Istanbul and Zonguldak) (Table 2). The
calculations prove an earlier separation time than other introduced population of Podarcis.

Table 2. The genetic distance values for each group. Group Ids are taken from figure 2.

Cizelge 2. Her bir grubun genetik mesafe degerleri. Grup numaralar sekil 2’den alinmigtir.
GroupId 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1

2 0.064

3 0.064 0.015

4 0.065 0.018 0.011

5 0.062 0.021 0.017 0.020

6 0.074 0.059 0.060 0.064 0.060

7 0.087 0.082 0.083 0.086 0.081 0.086

8 0.091 0.083 0.083 0.085 0.081 0.091 0.015

9 0.089 0.079 0.077 0.081 0.076 0.080 0.037 0.033

10 0.088 0.079 0.078 0.082 0.077 0.083 0.034 0.029 0.007

11 0.088 0.080 0.079 0.082 0.077 0.083 0.034 0.030 0.007 0.004

12 0.081 0.077 0.075 0.082 0.082 0.084 0.058 0.065 0.067 0.065 0.065

13 0.075 0.067 0.069 0.074 0.069 0.075 0.054 0.058 0.055 0.053 0.054 0.037

14 0.082 0.071 0.074 0.079 0.074 0.081 0.052 0.055 0.056 0.057 0.057 0.044 0.024

15 0.079 0.065 0.068 0.074 0.069 0.078 0.051 0.055 0.056 0.056 0.056 0.039 0.019 0.010
16 0.079 0.065 0.065 0.070 0.066 0.076 0.052 0.055 0.059 0.060 0.060 0.038 0.025 0.014 0.011
Out-

group 0.148 0.143 0.142 0.145 0.143 0.151 0.152 0.149 0.147 0.078 0.079 0.075 0.069 0.074 0.068 0.065

Parameters for the appropriate nucleotide exchange model were calculated with Jmodeltest2. Bayesian
phylogenetic analysis was drawn according to the Bayesian approach according to the model obtained
(HKY+I+G) (Figure 1).
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Figure 1. Bayesian tree plotted with data. Turkey samples formed a separate haplotype. Branch rates were also
highly probable.
Sekil 1. Elde edilen verilerle ¢izlen Bayesian agact. Tiirkiye 6rnekleri ayr1 bir haplotip olarak gruplannustir. Dal oranlar: da
oldukea yiiksek olaslikta cikmstir.

According to the tree drawn, Zonguldak and Istanbul samples are in different sub-branches; and in general
they settled in the tree as separate haplotypes. According to the tree obtained from the species delimitation
analysis, the branch in which the Turkish specimens are located appears as a separate group (Figure 2).
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Figure 2. Species delimitation tree drawn with the R program Gmyc package. Turkey specimens are located in a
separate branch, differentiated enough to be considered a different subspecies.
Sekil 2. R Gmyc paketi ile ¢izilen tiir stmirlandirma analizi agaci. Tiirkiye 6rnekleri ayri bir dalda farkli bir alttiir olarak
degerlendirebilecek kadar ayr: ¢tkmistiy

With the Ir test applied for the molecular clock, strick clock was determined to be the suitable model.
According to the molecular clock results calculated from the data obtained, and due to the correct
calculation of the calibration point used in molecular clock calculations (1.7 my), the separation time of
Turkish Podarcis was revealed to be 18 thousand years ago. Accordingly, the trade and product transport
events during that time indicate that this species was introduced to Turkey from Italy. According to these
findings, the rapid evolution/differentiation that took place during the occupation of the island is observed
in the Podarcis samples that came to Turkey along with transports. Senczuk et al. (2017) revealed that even
in Italy, the distribution of the species is fragmented due to LGM and there is genetic differentiation.
However, the examination of genetic diversity of Turkish P. siculus samples show a low genetic diversity
(Kog et al., 2018). However, The transportation of P. siculus probably originated from same sources to
Turkey will cause the low genetic distance other other hand to settle as different haplotypes on the tree
might undergo a similar evolutionary procces as on the islands. The rapid evolution is a common model
for islands or isolated populations (Emerson, 2002). According to phylogenetic and species delimitation
trees, Turkish P. siculus specimens constitute a different haplotype. The cease in gene flow due to
geographic isolation suggests that the Turkish samples may at least be a different subspecies.
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CONCLUSION

As a result, although the Turkish P. siculus are introduced, interrupted gene flow has accelerated their
differentiation. In addition, we may also consider that the two populations known to have been introduced
may have different origins. For this reason, a more detailed molecular analysis should be conducted in
order to investigate the source of origin and to reveal the taxonomic status of this species.
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The Effects of Temperature-Humidity Index Values on Some Behaviours in Male Anatolian Black
Cattle

Sicaklik-Nem Indeks Degerlerinin Yerli Kara Erkek Sigirlarda Bazi Davramislar Uzerine Etkileri
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Abstract: In this study, ear temperature and some behavioural data were determined in the four male animals of Anatolian Black cattle raised under
the Institute conditions. For this purpose, a chip sensor (CowManager) was attached to the ears of the animals, and data of 51 days were obtained from
each animal hourly. During the study, hourly temperature and humidity data of the barn where the animals were housed were collected, and hourly
and daily Temperature - Humidity Index (THI) data were calculated from these values. According to these index values, daily THI values were
classified in 3 groups, while hourly THI values were classified in 4 groups. In this study, the ear temperature of the bulls was found to be an average
of 21.97 °C daily. The ear temperature values increased as the THI values increased, and the differences between the groups were found to be
statistically significant (P<0.001). In the study high active, active, not active, eating and rumination data were found to be 7.84, 6.86, 27.15, 26.69 and
28.31%, daily, respectively. In the analysis made according to the THI groups, the differences according to these behavioural characteristics were found
to be statistically significant (P<0.01). In the study, as THI values increased high active, active and not active values increased, while eating and
rumination values decreased. While the activity and eating values of the animals increased during the daytime, the not active and rumination values
of the animals increased during the night hours. As a result, it was concluded that there is a correlation between the THI values, ear temperature and
behavioural data, and this could be an indication that the animal behaviour was affected by meteorological events.

Keywords: Anatolian Black cattle, animal behaviour, sensor, active

&

Oz: Bu cahismada Enstitii kosullarinda yetistirilen dort bas erkek Yerli Kara sigirda kulak sicaklig1 ve bazi davranig verileri belirlenmistir. Bu amagla
hayvanlarin kulaklarina ¢ipli sensdér (CowManager) takilarak, her hayvandan saatlik olarak toplam 51 giin veri alinmustir. Calisma siiresince
hayvanlarin barindirildig: ahirin saatlik olarak sicaklik ve nem verileri toplanmis olup, bu degerlerden saatlik ve giinliik olarak sicaklik-nem indeksi
(SNI) verileri hesaplanmistir. Bu indeks degerlerine gore giinliitk SNI degerleri 3 grupta smuflandirilirken, saatlik SNi degerleri 4 grupta
simiflandirilmigtir. Calismada bogalarin kulak igi sicakliklar1 giinliik olarak ortalama 21.97 °C olarak bulunmustur. SNIi degerleri artarken kulak
sicakhig1 degerleri artmis olup ve SNI gruplar arasi farkliliklar istatiksel olarak nemli (P<0.001) bulunmustur. Calismada giinliik olarak hesaplanan
yiiksek hareketlilik, normal hareketlilik, hareketsizlik, yem yeme ve ruminasyon verileri sirasiyla % 7.84, 6.86, 27.15, 26.69 ve 28.31 olarak bulunmustur.
SNI gruplarma gore yapilan analizde bu davrams 6zelliklerine gore farkliliklar istatistiksel olarak énemli (P<0.01) bulunmustur. Aragtirmada SNI
degerleri arttikca yiiksek hareketlilik, normal hareketlilik ve hareketsizlik degerleri artarken, yem yeme ve ruminasyon degerleri azalmistir. Ayrica,
hayvanlarin hareketlilik ve yem yeme degerleri giindiiz saatlerinde artarken, hareketsizlik ve ruminasyon degerleri gece saatlerinde artmistir. Sonug
olarak SNI degerlerinin kulak sicaklig1 ve davranis verileri arasinda korelasyon bulundugu ve bunun hayvan davranislarmin meteorolojik olaylardan
etkilendiginin gostergesi olabilecegi sonucuna varilmistir.

Anahtar Kelimeler: Yerli Kara, hayvan davranisi, sensor, hareket
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INTRODUCTION

Animal behaviour have been researched since the 1990s (Corujo and Timms, 2017). With the combination
of accelerometer and wireless technologies, many data have become commercially available for producers
thanks to the algorithms and smart software that can be converted into easy-to-use decision tools about
animal behaviour (Corujo and Timms, 2017). In livestock, it is important to observe physiological and
behavioural changes or abnormalities as early as possible to minimize the loss of costs. With the
development of technology in many parts of the world, the time that breeders spend on cows individually
or a herd basis has decreased. This trend, which emerged by reducing workload and increasing
productivity and profitability, has led to a rapid increase in the interest of farmers and industry for
precision livestock technology (Bikker et al., 2014).

Monitoring rumination and feeding behaviours with sensitive monitoring technologies can replace visual
observations (Borchers et al., 2016). Rumination, feeding and activity behaviours are widely evaluated with
individually related indicators of animals (Bikker et al., 2014). Measurement of these parameters can help
to understand the physiology of animals. Automatic measurement of chewing and rumination activity can
enable early detection of nutritional deficiencies and aid in ration regulation (Zehner et al., 2012). These
behavioural data provide information about the fertility, health, nutrition and location of the individual
animal as well as the herd.

There are not enough research findings on the behavioural characteristics of Anatolian Black cattle. In this
study, ear temperature and some behavioural data were defined using earrings attached to the ears of male
Anatolian Black cattle raised under Institute conditions, changes in these data according to THI groups
were also determined.

MATERIAL AND METHOD

Animal Material

The research was carried out at the International Center for Livestock Research and Training-Ankara in
October and November 2019. As an animal material, a total of four heads of Anatolian Black male cattle
raised within the scope of the "Conservation of Domestic Animal Genetic Resources and Sustainable Use”
were used. Two of the animals in the study were 1 year-old and two of them were 2 years old.

The animals were housed in a 20 x 8 m semi-open chamber with other male Anatolian Black and a total of
20 animals. The animals were fed twice a day at 09:00 in the morning and at 19:00 in the evening, and
roughage and concentrated feed were given separately. The animals were fed in the form of 70-30%
roughage-concentrated feed according to the nutrition program implemented within the scope of the
Conservation Project. The roughage was applied ad-libitum as a total mixed feed. Only barley straw and
dry meadow grass were given as a roughage. Cows have always had clean and healthy water available in
their shelters.

Sensor Parameters

Data were recorded with computer software by attaching an electronic chip sensor (The CowManager®
system) to the ears of the animals. The CowManager tag is a device designed by Agis Automatisering. It is
placed on the ear of a cow or steer and will measure how active it is, its core body temperature, and the
amount of time it spends eating and ruminating. The system consists of 3 parts: a chip sensor, transmitting
antennas and computer software. The following parameters were taken with the help of a chip sensor
attached to the animals' ears. The records were analysed in two sections. In Figure 1 shows the attachment
of the ear tag to the animal.

- Ear temperature (°C): It was recorded individually from each animal for hourly intervals.

- Behaviour values: These data are high active, active, not active, eating and rumination. The following
behavioural activities of each animal were recorded for hourly intervals as a % (percentage) distribution.
In other words, the distribution of the 5 behavioural characteristics mentioned is studied, and the sum of
these behaviours (hourly or daily) is 100 according to the analysis.
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Figure 1. Earring Attachment to the Anatolian Black Bull.
Sekil 1. Yerli Kara Bogaya Kulak Kiipesi Takilist.

The sensor detected and identified ear and head movements and through algorithms classified behaviours
data. Because the algorithms used by the CowManager developer are proprietary it is not completely clear
how animal behaviour is split across these distinct categories. In the preliminary evaluation carried out to
test the accuracy of the ear tag system used, 2 animals were taken into separate sections of 6 m? for 2 hours.
No feed or water was given to the animals here. In the examination made at the end of the process, the
eating rate was found to be 0% and the activity rates were very low.

Meteorological Measurements

Meteorological records made with the electronic system were collected for hourly intervals. "Temperature
- Humidity Index (THI)" calculation was made based on the result of the temperature (° C) and humidity
(%) measurements. The following formula was used in the calculation of THI: THI = 0.8 x T + [(H/100) (T-
14.3)] + 46.4 (T= temperature, H = humidity) (EFSA, 2012).

Statistical Calculations

Ear temperature and behavioural data of animals were collected hourly. In addition, daily average values
were obtained from the data collected hourly. Minitab 16 statistic program was used to evaluate the data
obtained in the study (Minitab, 2010). In all parameters obtained, the mean values of four animals were
determined using the General Linear Model, for each day and each hour separately. In the study, THI
values were calculated hourly, and they were divided into 4 groups (under 48, 48-56, 56-64, and above 64).
The " General Linear Model" method was used to examine the factors affecting ear temperature and
behavioural data according to these groups, and the following mathematical model was used;

Yij = pu + ai + eij (1)

In the formula (1);

Yii: i. THI group, k. the value of the cow,

u: expected average

ai: i. amount of influence of THI group (under 48, 48-56, 56-64, and above 64);
eii: normal, independent and chance error.

RESULTS AND DISCUSSION

The study was carried out in a total of 51 days between October and November 2019. The THI data obtained
from the temperature and humidity values collected daily during these days were found to be under 48 for
7 days, 48-56 for 25 days and 56-64 for 19 days. In the research, daily ear temperatures and behaviours data
of the bulls according to THI groups were prepared and presented in Table 1.
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Table 1. Least squares mean and standard error values of daily of the ear temperatures and the behaviour data of bulls.
Cizelge 1. Bogalarin giinliik kulak sicakliklar: ve davranis verilerinin en kiiciik kareler ortalama ve standart hata degerleri.

Hours n Ear High Active Not Active Eating Rumination

Temperature Active (%) (%) (%) (%) (%)

(°0

General 51 21.97+0.40 7.84+0.34 6.86+0.27 27.15+1.29 26.69+0.55 28.31+0.69
THI Groups
Under 48 7 18.89+0.94° 5.15+0.79> 5.89+0.63% 20.91+3.01° 27.25+1.292b 33.89+1.622
48-56 25 20.40+0.50v 7.24+0.42> 6.22+0.33>  28.26+1.592b 28.51+0.682 27.17+0.86°
56-64 19 26.62+0.572 11.14+0.48>  8.48+0.382 32.27+1.832 24.32+0.78P 23.87+0.98¢
P Values 0.001 0.001 0.001 0.008 0.001 0.001
Minimum Values 14.57 3.79 4.19 4.80 20.42 18.79
Maximum Values 30.07 15.53 12.06 42.32 36.35 45.29

2, b ¢ - The difference between same column which has shown with different letters are statistically significant (P<0.05).

Table 2 shows the distribution of the number of times the THI groups are present at which times. In the
study, the THI values calculated for 51 days were generally low at night. During the daytime, with the
increase in the air temperature, high THI values were found to be higher during these hours. According to
the hourly distribution of the THI values shown in Table 2, the changes in ear temperature and behavioural
data are shown graphically below.

Table 2. Distribution of THI values by hours.
Cizelge 2. SNI degerlerinin saatlik olarak dagilim.
THIGroups 0 1 2 3 4 5 6 7 8 9 10 11

Under 48 21 24 26 31 31 37 35 36 25 18 7

48-56 24 22 23 18 19 14 16 15 22 15 17

56-64 6 5 2 2 1 - - - 4 18 24 28
Above 64 - - - - - - - - - - 3 14
Total 51 51 51 51 51 51 51 51 51 51 51 51

Table 2. Continue.
Cizelge 2. Devami.
THIGroups 12 13 14 15 16 17 18 19 20 21 22 23

Under 48 - - - - - - - 4 6 9 16 20
48-56 6 6 3 3 3 6 11 15 20 23 20 23
56-64 30 24 20 21 25 29 30 27 21 19 15 8
Above 64 15 21 28 27 23 16 10 5 4 - - -
Total 51 51 51 51 51 51 51 51 51 51 51 51

Ear Temperature

The daily ear temperatures of the animals in the study are shown in Table 1, and this value was found to
be 21.97 °C. In the analysis made according to the THI groups, the higher the THI values, the higher the ear
temperature values of the animals. When the differences between the THI groups were examined, there
was no statistical difference between the values between 48-56 and values below 48. However, the
differences of the values between 56-64 group compared to the other 2 groups were found to be statistically
significant (P<0.001). This is compatible in line with the values that Corujo and Tims (2017) found in their
study with the same system as 50-55 °F (approximately 10-13 °C) in winter and 85-95 °F (approximately 30-
35 °0) in summer.
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Figure 2. Hourly display of ear temperature values (°C).
Sekil 2. Kulak sicaklik degerlerinin saatlik gosterimi ( °G).

Ear temperature values according to the THI groups obtained hourly are presented in Figure 2. In this
figure, the hours of the day are shown on the X axis and the ear temperatures of the animals are shown in
degrees on the Y axis. As it can be seen, the ear temperature values of animals are higher at noon than night
and morning hours. When the variation of hourly ear temperatures is examined according to the THI
groups, the ear temperatures of the animals increase as the THI values increase, just like the daily calculated
values. While the ear temperature of the animals is around 30 °C when the THI value is above 64, it varies
between 15-20 °Cwhen it is below 48. These values were compared with Mader and Kreikemeier (2006) and
Dolecheck et al. (2015) reported that ear temperature is affected by both body temperature and ambient
temperature.

Behaviour Values

In the study, high active, active, not active, eating and rumination data were calculated as % (percent) and
these data were found to be 7.84, 6.86, 27.15, 26.69 and 28.31% daily, respectively (Table 1). Differences
between THI groups were found to be statistically significant (P<0.01) in all behavioural data. On the other
hand, In the analysis performed according to THI groups, as THI values increase, high active, active and
not active values increase, but rumination values decrease. Therefore, it can be said that THI values are
directly proportional to high active, active and not active values, and inversely proportional to rumination
values. Although eating values are generally inversely proportional to THI values, the highest value was
found in the THI 48-56 group. Bikker et al. (2014) found the behavioural data (rumination, eating, resting
and mobility) in 15 milking cows to be 42.6, 15.9, 31.6 and 9.9% by sensor, and 42.1, 13.0, 30.0 and 14.9% by
observation, respectively. Among these values, especially rumination data were found to be higher than
the values found in this study. Adin et al. (2009) reported that dairy cows ruminate for 7-8 hours a day.
Wolfger et al. (2015) observed 26% feeding and 23% rumination data in beef cattle.

In addition, the average values of the behavioural data according to the THI groups obtained hourly were
prepared in figures. Accordingly, figures of high active, active, not active, eating, and rumination values
are presented in Charts 2, 3, 4, 5 and 6, respectively. In these figures, the hours of the day are shown on the
X axis and the values of the animals' behaviours are shown as percentages on the Y axis. That is, the changes
in the behaviour of the bulls according to the hourly calculated THI groups are presented in these figures.
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Figure 3. Hourly display of high active values (%).
Sekil 3. Yiiksek aktivite degerlerinin saatlik gosterimi (%).
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Figure 4. Hourly display of active values (%).
Sekil 4. Normal aktivite degerlerinin saatlik gosterimi (%).
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Figure 5. Hourly display of not active values (%).
Sekil 5. Hareketsizlik degerlerinin saatlik gosterimi (%).
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Figure 6. Hourly display of eating values (%).
Sekil 6. Yem yeme degerlerinin saatlik gosterimi (%).
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Figure 7. Hourly display of rumination values (%).
Sekil 7. Ruminasyon degerlerinin saatlik gosterimi (%).

As seen in the figures, while the activity and eating values increase during the daytime, the not active and
rumination values increase during the night hours. Animals tend to stand more in the afternoon hours, as
reported by Allen et al (2015) and Heinicke et al (2020). In general, animals under heat stress tend to orient
themselves in different directions and spend more time standing to avoid direct solar and ground radiation
(Sejian et al., 2018; Bayssa et al., 2021). In this study, it was determined that bulls mostly slept at night to
alleviate the effects of heat stress experienced during the daytime. While the bulls remained in a rather
inactive state between 3 and 7 hours, when the values below THI 48 were the most, in these hours the
values of not activity and rumination were found to be the highest. In addition, it has been determined that
animals are more active to eat food in the morning and evening feeding times.

The variation of the hourly behavioural data according to the THI groups was found to be similar to the
variation of the daily behavioural data according to the THI groups. Especially high active and active data
were highly affected by the changes in the hourly calculated THI groups (Figure 3, 4). These values were
found to be compatible with studies reported that increased standing and decreased lying time of animals
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were associated with higher ambient temperatures (Darcan et al., 2008; Hienicke et al., 2020). The variation
of the not active values of the animals according to the THI values was found to be more prominent
especially at night hours, and as the THI values of the animals increased during these hours, the not activity
of the animals also increased (Figure 5). In the daytime, although this situation is reversed with the effect
of air temperature, it is seen that the values are close to the average. In other words, it is observed that the
animals are more active during the day as the THI values increase. Eating values were not affected much
by hourly THI changes, and the values found in THI groups were generally close to the average (Figure 6).
Rumination values of bulls were also affected by hourly THI changes, and these values were generally
below the average as THI values increased (Figure 7).

CONCLUSION

As a result, THI values were correlated with ear temperature and behavioural data of bulls. As THI values
increased, ear temperature and activity values increased in animals. In addition, it was determined that the
eating values increased during the daytime hours. According to these findings, it can be said that animal
behaviour is affected by meteorological events. In addition, the behaviour of animals can be easily
monitored from the computer whenever we want, instead of following by disturbing the animals in the
herd, thanks to the chip ear tag. Thus, the workload has decreased and the stress that may occur on the
animals has been prevented. In order to provide optimal conditions for animal welfare, the use of
technological tools such as this system in animal husbandry should be expanded.
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Milk Yield, Fertility, Udder Characteristics, and Raw Milk Somatic Cell Count of the Damascus
Goats Reared in Igdir Conditions*

Igdir Sartlarinda Yetistirilen Halep Kegilerinin Siit Verimi, Dol Verimi, Meme Ozellikleri ve Cig Siit
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Abstract. The aim of this study is to determine the somatic cell number (SCC), udder characteristics and some yield characteristics in Damascus
goats. This study was carried out on the Damascus goats raised on a private farm brought the first time in Igdir province of Turkey in 2013. In the
study, 62 Damascus goats were measured SCC of 620 milk samples, monthly milk yields, and udder characteristics in 2019. In the study, mean
values of some udder characteristics such as udder circumference, udder width, udder bottom height, udder upper height, teat angle, udder volume,
teat diameter, and teat length were determined as 41.83+0.13 cm, 13.07+0.04 cm, 30.57+0.14 cm, 51.01+0.15 cm, 38.02+0.13°, 1754.84+10.65 ml, 6.09+0.09
mm and 5.44+0.06 cm, respectively. In raw milk, mean values of SCC and logarithmic LogiSCC were found as 503,120+40,020 cells ml! and
5,543+0.037 cells ml?, respectively. The effect of birth type and lactation order on SCC and Log1SCC was found to be significant (p<0.01). Average
daily milk yield, lactation length, and lactation milk yield, which are among the factors affecting milk yield, were found as 2.14+0.05 kg, 292.15+0.60
day, and 626.23+12.94 kg, respectively. The effect of lactation length and season on average dairy milk yield was found to be significant (p<0.01). The
effects of udder type on lactation length (p<0.05), and lactation duration on lactation milk yield were found significant (p<0.01). As a result, it has
been concluded that Damascus goats can be successfully raised under the conditions of I§dir province.

Keywords: Damascus goat, milk yield, milk quality, SCC, udder characteristics

&

Oz. Bu calismanin amaci Halep kegilerinde somatik hiicre sayisi (SHS), meme ozellikleri ve bazi verim Gzelliklerinin belirlenmesidir. Bu ¢alisma,
Tiirkiye'nin Igdir iline ilk kez 2013 yilinda getirilen ve 6zel bir isletmede yetistirilen Halep kegilerinde yiirtitiilmustiir. Calismada 2019 yilinda 62 bas
kegide 620 adet siit 6rneginde SHS, aylik siit verimi ve meme 6zellikleri dl¢iilmiistiir. Calismada meme gevresi, meme genisligi, meme alt yiiksekligi,
meme iist yiiksekligi, meme basi agisi, meme hacmi, meme bas1 ¢ap1 ve meme bagi uzunluguna ait ortalama degerler sirasiyla 41.83+0.13 cm,
13.07+0.04 cm, 30.57+0.14 cm, 51.01+0.15 cm, 38.02+0.13°, 1754.84+10.65 ml, 6.09+0.09 mm ve 5.44+0.06 cm olarak belirlenmistir. Siirtide iki parcali ve
diiz meme olarak iki meme tipi tespit edilmistir. Cig siitlerde ortalama SHS ve logaritmik LogiSHS degerleri sirasiyla 503.120+40.020 hiicre ml* ve
5.543+0.037 hiicre ml olarak bulunmustur. Dogum sekli ve laktasyon sirasinin SHS ve LogiSHS tizerindeki etkisi anlamli bulunmustur (p<0.01). Siit
verimini etkileyen faktorlerden ortalama giinliik siit verimi, laktasyon stiresi ve laktasyon siit verimi sirasiyla 2,14+0,05 kg, 292,15+0,60 giin ve
626,23+12,94 kg olarak tespit edilmistir. Ortalama giinliik siit verimi iizerine laktasyon siiresi ve mevsimin etkisi anlamli bulunmustur (p<0.01).
Meme tipinin laktasyon uzunluguna (p<0.05), laktasyon siiresinin laktasyon siit verimi iizerine etkisi anlamli (p<0.01) bulunmustur. Sonug olarak
Halep kegilerinin Igdur ili kosullarinda basarili bir sekilde yetistirilebilecegi sonucuna varilmigtir.

Anahtar Kelimeler: Halep kegisi, siit verimi, siit kalitesi, SHS, meme 6zellikleri

Atf/Cite as: Yilmaz, 1., & Can, A. (2022). Milk Yield, Fertility, Udder Characteristics, and Raw Milk Somatic Cell Count of the Damascus Goats
Reared in Igdir Conditions. Uluslararas: Tarim ve Yaban Hayat1 Bilimleri Dergisi, 8 (2), 358-367. DOI: 10.24180/ijaws.1090613

intihal-Plagiarism/Etik-Ethic: This article has been reviewed by at least two referees and it has been confirmed that it is plagiarism-free and
complies with research and publication ethics. https://dergipark.org.tr/tr/pub/ijaws

Copyright © Published by Bolu Abant Izzet Baysal University, Since 2015 — Bolu

! Do¢. Dr. Isa Yilmaz, Mus Alparslan Universitesi Uygulamali Bilimler Fakiiltesi Hayvansal Uretim ve Teknolojileri Boliimii
isa.yilmaz@alparslan.edu.tr (Corresponding author)
2 Yiiksek Lisans Ogr. Ali Can, Igdir Universitesi, Fen Bilimleri Enstitiisii, Zootekni Anabilim Dal, ali.can@igdir.edu.tr

“This study was summarized from master thesis entitled “Relations between Somatic Cell, Udder Characteristics and Milk Yield in Damascus Goats

Grown in Igdir Province, Turkey”.

*This work is licensed under a Creative Commons Attribution 4.0 International License


mailto:isa.yilmaz@alparslan.edu.tr
mailto:ali.can@igdir.edu.tr
https://orcid.org/0000-0001-6796-577X
https://orcid.org/0000-0003-1007-8525

Milk Yield, Fertility, Udder Characteristics and Raw Milk Somatic Cell Count of the Damascus Goats Reared Under Different Geographic
Conditional in the Turkey

INTRODUCTION

Goats (Capra hircus) were domesticated in the Near East during the Neolithic period, which dates back an
estimated 10,000 years ago, and have now spread to all regions and continents of the Earth (Fernandez et
al., 2006). Goats make good use of low-quality pastures, shrubberies, and brush areas, and turn them into
meat, milk, and other products (Giinlii and Alasahan, 2010). They meet a significant portion of the
animal-derived food requirements of farmers living in rural areas (Lu and Miller, 2019). For this reason,
the goat has an important place among the species used for their meat and milk in Turkey (Anitas et al.,
2017).

Damascus goat is a goat breed originating from the Syrian city of Damascus and being grown in many
regions and countries of the world (e.g., Turkey, Syria, Lebanon, Egypt, Cyprus, and Israel). It has
particularly well adapted to the conditions of regions (Middle East) that have a temperate climate and
extends to India and the conditions of countries with Mediterranean shores (Ozcan, 1989).

In general, goat breeds grown in Turkey are hair goats (Anatolian black goat). Damascus goat, on the
other hand, is a breed of goat grown primarily for milk yield in South-Eastern Anatolia and Eastern
Mediterranean regions and the regions of Turkey bordering Syria (Kacar et al., 2010).

The genotype, which is widely grown in Gaziantep, Kilis, and Hatay provinces of Turkey, is the Kilis goat
type. This type has been formed as a result of the hybridization of hair goats for many years (Damascus +
hair goat= Kilis goat) and is also accepted as a breed (Giil et al., 2016; Unalan and Ceyhan, 2017).

Many studies have shown that Damascus goat can be easily grown in areas dominated by plants such as
alfalfa, which grow in a hot, arid, and salty soil structure (Abdalla et al., 2013; Abd al-Hamid et al., 2017).
The milk yield of the Damascus goat breed is high, it is resistant to high temperatures, and has the ability
to use weak and barren pastures very well. Also, the fact that they make better use of non-productive
pastures compared to sheep and evaluates stubble areas more effectively after harvest is one of their
other characteristics (Barit¢i and Adigiizel, 2017).

Countries such as Switzerland and France, which give importance to animal husbandry and have
developed many different breeds of dairy goats, have realized the high levels of yield and income, which
they get per animal in goat milk production, through selection programs that they do at the national level
(South et al., 2006). The Damascus goat breed, which has adapted well to environmental conditions
(climate, diseases and nutrition), is a breed whose genetic characteristics should be benefited to increase
milk and meat production in difficult conditions (Keskin et al., 2004).

Damascus goats, which are of Syrian origin, have been taken to many regions and provinces, such as
Canakkale, in Turkey after the outbreak of the Civil War in Syria (Onal, 2016). One of the provinces
where Damascus goats have been taken to is Igdir province in Turkey. In this study, for the first time, by
determining data such as milk yields, fertility, udder sizes, and somatic cell counts of Damascus goats
grown in Igdir region, suggestions were made about their adaptation and breeding in this region.

MATERIAL AND METHOD

Animal Material, Feeding, and Climate

For this study, it was used a total of 62 head Damascus goats with the first (21 head), second (21 head)
and third (20 head) birth within the 2019 year, which were brought to a private enterprise located in Igdir
province in 2013. Ear-tag numbers of all goats have been determined. All the goats gave birth in March.
In the pre-birth months of 2018 (December, January, and February) and in the birth month (March), 1.5 kg
of dried alfalfa grass, 1 kg of dried meadow grass, and 0.3 kg of barley were given to each maternal goat
per day. In April, the goats began to be grazed in the pasture (good quality), and in addition, the daily
amount of alfalfa, dry grass, and barley was given as 1, 1, and 0.2 kg, respectively. From May to
November (2019 year), goats were kept in the shelter at night, and during the day they were grazed in the
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pasture (village pasture, rental pasture, field stubble such as wheat, and clover stubble after harvesting);
no additional feed was given.

Igdir province where Damascus goats are grown is located in the eastern most part of the Eastern
Anatolia region of Turkey at Latitude 44 E 02 and longitude 39 N 55. The average annual temperature of
the province is 11.6 °C; air temperatures falling to -30 °C in winter and sometimes exceeding 41 °C in
summer are encountered. It receives very little precipitation (average annual precipitation is 259.9 mm)
and has a semi-arid climate (Anonymous, 2019).

Determination of Udder Characteristics

Determination of udder characteristics is performed by the method applied by Aktas (2012) and
Mavrogenis et al. (1988) (Figure 1). Udder measurements were taken 3 times on the 45t%, 90, and 135t
days of lactation. Udder measurements were done about an hour before milking in the morning and
immediately after milking. In determining udder characteristics, a measuring strip was used for udder
circumference (UC) (Figure e); a tape measure for values of udder upper height (UUH) (Figure d: A-D);
udder bottom height (UBH) (Figure d: K-D); udder width (UW) (Figure d: B-C); udder circumference
(UC) (Figure e); caliper for measuring teat length (TL) (Figure a: c); teat diameter (TD) (Figure a: d);
goniometer for measuring teat angle (TA) (Figure f), and a water cup for identifying udder volume (UV)
(Figure b). Detection of udder type from qualitative properties was made according to Figure c.

FEHE

Figure a. Udder measures (a: Figure c. Udder types (1: Two
Udder circumference, b: Udder depth, Figure b. Udder volume pieced, 2: Flat udder, 3: Broken
c: Teat length, d: Teat diameter breast, 4: Asymmetric)

— \

L 0 l& . < 2)

Figure d. Udder features (A-D: Figure e. Breast Figure f. Teat angle
udder upper height, K-D: udder circumference
bottom height, B-C: udder width

Figure 1. Udder features, udder measures and udder types
Sekil 1. Meme ozellikleri, meme dl¢iileri ve meme tipleri sekilleri.

Milk Control and Milk Somatic Cell Counts

In this study, milk controls were performed once a month, in the morning and evening by hand. The
Holland method was used to determine each lactation milk yield calculation. According to this method,
the yields measured at 30 days interval day during lactation are considered as the average daily milk
yield (Kaymakgi, 2006).

Determination of milk yields and identification of somatic cell counts were carried out on the farm (in the
enterprise) on the day of milk control. Measured milk quantity and SCC were written across the ear
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number of each goat. The quantity of milk obtained on the control day (kg) was determined by weighing
and the SCC measurements were made with DeLaval Cell Counter (DCC). DCC counts somatic cells
colored with DNA-specific fluorescent probe Propidium lodide. The somatic cell count appears as
numerically on its screen in a minute. The use of the device and the method were performed based on
DeLaval (2018).

Mating and Offspring Yield

In the Damascus goat herd, a form of free grafting method (mating) is practiced in the insemination of
goats that come into a rut; male animals roam freely in the herd. As fertility, the offspring yield of goats
by age group was studied. According to this, the information of twin and single-born offspring was
recorded across their mother's earring and the number of offspring per maternal goat was determined.

Data Editing and Statistical Analysis

In Damascus goats, two types of udders were identified: two-piece and flat udder types. In the evaluation
of the seasons, the March-April-May months were used as the 1%t season (Spring), June-July-August as the
2rd season (Summer), and September-October-November as the 3 season (Autumn). As a type of birth,
single birth=1 and twin birth=2 were used in the evaluations. Effects of factors such as lactation order and
udder type on the udder characteristics (UC, UD, TL, TD, UUH, UBH, UW) and SCC of Damascus goat
milk were analyzed in a repeated measurement on animals by using the Least Squares Mixed Model
Procedures of SPSS statistic package program (Yildiz and Bircan, 1991). Correlations between all udder
characteristics and milk yield characteristics were analyzed (SPSS, 2013).

RESULTS AND DISCUSSION

In the study, the data obtained during lactation in 2019 from Damascus goats grown in a private
enterprise in Igdir province were statistically analyzed. In the process of obtaining the data, lactation
length, daily average milk yield, lactation milk yield, SCC, udder type and udder characteristics were
examined. The obtained results were compared with the results of scientific studies conducted in
different regions and countries. Some descriptive statistics belonging to the udder characteristics
examined in the study are given in Table 1. The variation coefficients for teat diameter, teat length, udder
volume, and udder bottom height, which have the highest variation coefficient among the breast
characteristics, were determined as 28.49%, 25.78%, 13.52%, and 11.29%, respectively (Table 1).

Table 1. Descriptive statistics for examined udder characteristics of Damascus goats.
Cizelge 1. Halep kecilerinin incelenen meme ozelliklerine ait tanimlayict istatistikler

Some statistic values

Parameters N —
X S5 SD Min. Max. cv

Udder circumference (cm) 62 41.83 0.13 2.33 33 51 5.57
Udder width (cm) 62 13.07 0.04 1.25 10 16 9.56
Udder bottom height (cm) 62 30.57 0.14 3.45 21 39 11.29
Udder upper height (cm) 62 51.01 0.15 3.44 40 59 6.74
Teat angle (°) 62 38.02 0.13 3.20 28 45 8.42
Udder volume (ml) 62 175484 10.65 237.21 1100 2500 13.52
Teat diameter (mm) 62 6.09 0.09 1.57 4 14 25.78
Teat length (cm) 62 5.44 0.06 1.55 2.5 9 28.49

X: Mean of least squares, Sx: Standard error, SD: Standard deviation, Min.: Minimum, Max: Maximum, CV: Coefficient of Variation.

In this study, the minimum, maximum and average udder circumference lengths were determined as 33
cm, 51 cm, and 41.83+0.13 cm, respectively (Table 1). El-Gendy et al. (2014) reported these values as 16
cm, 57 cm, and 30.95+0.46 cm, respectively in Damascus goats. Also, in this study, the minimum,
maximum and average teat lengths of Damascus goats were obtained as 2.5 cm, 9 cm, and 5.44+0.06 cm,
respectively. El-Gendy et al. (2014) reported these values as 1.5 cm, 4.75 cm, and 10+0.04 cm, respectively.
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In this study, a high degree of variation was detected between breast characteristics of Damascus goats.
This situation may provide an advantage for improving of breast structure.

Subgroup mean values and standard errors related to effects of lactation order, udder type, birth type,
and season, which are effective factors on milk yield characteristics and SCC, are given in Table 2. The
effect of birth type on lactation length, lactation milk yield and daily average milk yield was not
significant. The effect of udder type on lactation length was found to be significant (p<0.05), while its
effect of it on lactation milk yield and daily average milk yield was not significant (Table 2). The results of
variance analysis showed that the lactation order did not cause any variation in lactation length, but it
caused significant variations in lactation milk yield and average daily milk yield (p<0.01) (Table 2). In
addition, it was determined that whereas the lactation order caused a significant variation in SCC
(p<0.01), the udder type and season did not cause any variation in SCC (Table 2).In the study, while the
effect of udder type on Log10SCC value was not found to be significant, the effects of lactation order, birth
type (p<0.01), and season (p<0.001) were found to be significant (Table 2).

Table 2. Effects of lactation order, udder type, and birth type on milk yield characteristics and SCC.
Cizelge 2. Laktasyon sirasi, meme tipi ve dogum tipinin siit verim ozellikleri ve SHS iizerine etkisi.

Lactation Lactation milk Daily average Somatic Cell Log1SCC
Classification n  Length (day) yield (kg) milk yield (kg)  Score (cells ml")
X+S5 X+S5 X+S5 X+S5 X+Sy
General 292.15+0.60 626.23+12.78 2.14+0.05 503,120+40,020 5.54+0.04
Lactation order NS o o o *
1st 21 291.60+0.90 561.73+22.052 1.89+0.732 358,850+47,540*  5.42+0.05
2nd 21 291.84+1.05 638.08+17.44° 2.15+0.59° 473,840+71,600°  5.50+0.072
3d 20 293.05+1.16 653.98+22.05° 2.19+0.73° 685,340+69,490°  5.72+0.05°
Udder type * NS NS NS NS
Two-piece 51 291.62+0.61 602.53+06.68 2.01+0.38 482,800+39,660 5.53+0.04
Flat 11 294.61+1.71 632.17+16.88 2.13+0.46 597,320£132,360  5.61+0.12
Birth type NS NS NS i **
Single 32 291.20+0.59 606.108+16.48 2.12+0.05 395,520+43,760 5.45+0.05
Twin 30 293.10+0.61 629.336+19.77 2.24+0.10 617,880+62,430  5.66+0.05
Seasons NS i
Spring 186 - - - 461,540+38,440  5.45+0.032
Summer 186 - - - 508,840+30,610  5.56+0.03°
Autumn 248 - - - 530,000+27,660  5.60+0.02°

NS: Non-significant; *: p<0.05; **: p<0.01; ***: p<0.001; the difference between the means denoted by a, b, c is significant.

In the study, the average lactation length of Damascus goats was determined as 292.15+0.60 days (Table
2). This value was similar to the value of 300 days determined in Damascus goats in the hands of the
public in Lebanon (Khazaal, 2009). However it was higher than the values of 227.48 days and 170.39 days
determined respectively in Damascus and Kilis goats grown in Turkey (Tatar et al., 2019), 176 days and
183 days found respectively in one year old and two years old goats grown in Cyprus (Mavrogenis and
Constantinou, 1982), and 254.7+2.359 days determined in those grown in Northern Cyprus (Guney et al.,
2006).

In this study, when lactation milk yields of Damascus goats grown in Igdir province were examined, it
was determined that the average was 626.23+12.78 kg (Table 2). This value was higher than the values
reported as 238,185 kg, 329 liters, 347.6+19.05 liters and 453.75 kg in Damascus goats by Yakan et al.
(2019), Keskin (2000), Keskin et al. (2004), and Oziiyanik (2004), respectively. In this study, it was
determined that older goats had higher milk yields than younger ones (Table 2). Similarly, it was also
reported by Yakan et al. (2019) that older goats had higher milk yields than younger goats.

In this study, the effects of udder type and birth type on the daily average milk yield of Damascus goats
were not significant, while the effects of lactation order (p<0.01) and season (p<0.001) were found
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significant. The average daily milk yield of Damascus goats was determined as 2.14+0.04 kg day in the
growing conditions of Igdir province (Table 2). This value was higher than the values reported as 1.13
and 1.90 kg in Damascus goats by Yakan et al. (2019) and Giinay et al. (2006), respectively and lower than
the value reported as 3.16+0.84 liter by Omar-Musa (2015).

In this study, a long lactation period, high average daily milk yield and thereby high annual milk yield
were determined in Damascus goats compared to some other study results. The reason for this is that
there is easy access to quality fresh and green feed sources throughout the year for grazing of animals
after the last harvest in alfalfa fields, areas under fruit trees, grain and silage cornfields, and sugar beet
plantation areas because roughage agriculture is carried out in Igdir province.

This study showed that SCC value was 503,120+40,020 cells ml" in Damascus goats. This value was lower
than the values obtained as 599,600+60,000 cells ml-, 727,195+61,480 cells ml-! and 1,098,000+81,730 cells
ml! by Burns et al. (2019) at the beginning, middle, and end of the lactation, respectively. The effect of
season and udder type on SCC was not significant. In a study conducted by Go¢men et al. (2019), it was
reported that in the SCC control performed on the 30 day in Damascus goat milk, 86.6% remained below
the value of 1,000,000 cells ml-! and 13.4% remained above the value of 1,000,000 cells ml-!.

On the other hand, although a study conducted by Darbaz et al. (2019) found that the effects of lactation
order and birth type on SCC in Damascus goat milk samples were not significant, the effects of lactation
order and birth type on SCC were found statistically significant in this study (p<0.01). However,
according to the results of the Duncan comparison test, the effect of the third lactation order on SCC was
found to be different (Table 2). The fact that the SCC value of old goats in the same herd is naturally high
can be shown as a reason for this (Granado et al., 2014; Anitas et al., 2017)

Although many standards have been determined in the world for acceptable SCC upper limit values in
cow milk, there are a few standards for goat milk that only some countries accept for themselves.
Currently, there is no legal limit on the value of SCC in goat milk in the European Union (Paape et al.,
2007). In this study, the mean SCC value in Damascus goats was determined as 503,120+18,440 cells ml~
(Table 1). The legal milk SCC limit for goats is 1,000,000 cells ml* in the United States (Paape et al., 2007;
Anitas et al., 2017). However, in the Grade “A” Pasteurized Milk Ordinance regulation, the SCC Value
specified for goat milk is stated as 1,500,000 cells ml? by the United States FDA (2017). As a result of
bacteriological tests performed to detect the presence of breast infection in a study of Damascus goats, the
threshold SCC Value was reported as 1,000,000 cells ml?! (Doaa et al., 2014), while it was found in another
study that the SCC threshold value in Nubian goats was 1,600,000 cells ml (El - Saied et al., 2003).

In this study, Logi1oSCC value was determined as 5.54+0.04 in Damascus goats grown in Igdir province.
This value was higher than the LogiSCC values of 2.59+0.64, 2.60+0.51, and 2.41+0.56 obtained by
Gogmen et al. (2019) on the 10t%, 20t and 30t days of lactation in Damascus goats, respectively (Table 2).

The statistical evaluation conducted in this study to understand whether udder type caused any variation
between udder characteristics showed that any variation did not occur (p>0.05) (Table 3). Subgroup
means, standard errors, and statistical analysis results of the change of udder characteristics by udder
types are given in Table 3.

As shown in Table 3, the mean values for UC, UBH, UUH, TA, UV, TD, and TL were determined as
41.81+0.29 cm, 30.62+0.44 cm, 51.06+0.44 cm, 38.08+0.410, 1,756.45+30.13 1t, 6.09+0.09 mm, and 5.44+0.20
cm, respectively.

Correlations between udder characteristics and LogiSCC examined in Damascus goats were given in
Table 4.
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Table 3. Subgroup means, standard errors and t-test results for the change of udder characteristics by
udder types

Cizelge 3. Meme tiplerine gore meme 6zelliklerinin degisimine ait alt grup ortalamalari, standart hatalar1 ve t-test sonuclart.

n ucC UBH UUH TA uv TD TL
XS5 X+Ss X+Ss X+S5 XS5 XS5 X+Ss
General 62 41.81+0.29 30.62+0.44 51.06+0.44 38.08+0.41 1756.45+30.13 6.09+0.09 5.44+0.20
UT NS NS NS NS NS NS NS
1 51 41.85+0.35 30.82+0.49 51.19+049 37.69+0.45 1749.02+35.34 6.21+0.03  5.32+0.22
2 11 41.59+0.49 29.68+0.91 50.46x1.01 39.91+0.78 1790.91+45.64 5.97+0.15 5.96+0.43

UT: Udder type, 1: Two-piece udder, 2: Flat udder, UC: Udder circumference, UBH: Udder bottom height, UUH: Udder upper
height, TA: Teat angle, UV: Udder volume, TD: Teat diameter, TL: Teat length.

Table 4. Spearman's rho correlations between udder characteristics and lactation length, lactation milk
yield, and Log10SCC®.

Table 4. Meme Ozellikleri ile laktasyon siiresi, laktasyon siit verimi ve Log10SHS nin Spearman’s rho korelasyonlar: V.

Characteristics UBH UUH TA Uv Log1SCC LL
UUH 0.761"

TA -0.263" -0.129

uv -0.317 -0.030 0.428"

Log1SCC -0.189 0.012 -0.082 0.326™

LL -0.086 0.020 0.269° 0.231 0.120

LMY -0.170 0.027 0.299" 0.461" 0.109 0.469"

UBH: Udder bottom height, UUH: Udder upper height, UV: Udder volume, Log1SCC: Logarithmic somatic cell count, TA: Teat
angle. LL: Lactation length, LMY: Lactation milk yield.

*: Correlation is significant at the 0.05 level, **: Correlation is significant at the 0.01 level.

®: r <0.5 indicates to weak, 0.5 < r <0.7 indicates to moderate, and 0.7 < r indicates to strong correlations.

As seen in Table 4, no significant correlation was found between udder characteristics and characteristics
that affect particularly SCC and lactation milk yield. It was determined that all of the correlations
identified as significant (at levels of p<0.05 and p<0.01) were correlations that had a low (r<0.5) effect.
Similarly, Aktas et al. (2012) obtained similar results for the same characteristics in Turkish Saanen goats.

In addition, fertility was also examined in Damascus goats in this study. Birth type rates of Damascus
goats by age group are shown in Table 5. Although the rate of twin-birth increased as age increased, this
increase was not statistically significant (p>0.05).

Table 5. Birth type ratios of Damascus goats by age group.
Cizelge 5. Halep kegilerinin yas gruplarina gore dogum tipi oranlart.

Age groups
. Average
Birth Types Two years old Three years old Four years old
n % n % n % N %
Single Birth 14 66.7 10 47.6 8 40.0 32 51.6
Twin Birth 7 33.3 11 52.4 12 60.0 30 48.4
Total 21 100.0 21 100.0 20 100.0 62 100.0

%>=3.120, p>0.05.

In this study, while there was no triplet birth type, twin birth rates were found to be 33.3%, 52.4%, 60.0%
and 48.4% for ages of two, three, four years and for average, respectively (Table 5). The average kid
fertility per maternal goat was 1.48 kid goat'. On the other hand, another study showed that the average
twin birth rates in Damascus and Saanen goats raised in Lebanon were 1.75 kid goat! and 1.08 kids goat”,
respectively (Khazaal, 2009).
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CONCLUSION

In light of the obtained findings, when lactation length, daily milk yield and average lactation milk yield
are compared to studies conducted in Turkey and many other countries, it was determined that
Damascus goats had a satisfactory level of milk yield in Igdir province. However, the value obtained for
SCC in the study is below the upper limit values accepted by many countries for goat milk. This study
has shown that Damascus goats can be successfully bred in Igdir province.
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Abstract: The purpose of the current work was to designate the effect of maturity stages potential nutritive value, the chemical composition, condensed
tannin (CT), gas production (GP), methane production, metabolizable energy (ME), and organic matter digestibility (OMD) of Rheum ribes L. Maturity
stages significantly affected (P<0.05) the chemical composition, CT, GP, methane production, ME and OMD of Rheum ribes L. Dry matter (DM), crude
ash (CA), crude protein (CP), ether extract (EE), CT, neutral detergent fiber (NDF) and acid detergent fiber (ADF) of Rheum ribes L. ranged from 92.73-
98.64%, 6.11-14.15%, 8.81-19.12%, 1.94-3.04%, 10.47-14.72%, 36.99-53.98% and 24.88-37.63% respectively. Gas production and methane production of
Rheum ribes L. at 24 ranged from 29.73-40.60 ml and 2.63-5.50 ml respectively. ME and OMD of Rheum ribes L. ranged from 6.97-9.87 MJ kg? KM and
45.68-60.02% respectively. To sum up, maturity stages is a significant point on the nutritive value of Rheum ribes L. Nutritive value especially CP, ME
and OMD of Rheum ribes L. decreased with advancing maturity. GP, ME and OMD were significant and negatively correlated with ADF and NDF
contents, whereas positively correlated with CP. Moreover in vivo studies are needed to determine the effect of Rheum ribes L. on the feed intake and
performance of ruminant animals.

Keywords: Rheum ribes L., nutritive value, condansed tannin, methane production

&

Oz: Bu calismanin amaci Rheum ribes L. ‘nin farkh olgunlasma dénemlerinin kimyasal bilesiminine, kondanse tanen (KT) igerigine, gaz ve metan
iiretimine, metabolik enerji (ME) ve organik madde sindirim derecesine (OMSD) etkisinin belirlenmesidir. Olgunlasma donemi kimyasal bilegimi, KT
igerigini, gaz ve metan tiretimini, ME ve OMSD 6nemli derecede etkilemistir (P<0.05). Rheum ribes L./nin kuru madde (KM), ham kiil (HK), ham protein
(HP), ham yag (HY), KT, asit ¢6ziiciilerde ¢oztinmeyen lifli bilesikler (ADF), nétr ¢oziictilerde ¢6ziinmeyen lifli bilesikleri (NDF) sirasiyla 92.73-98.64%,
6.11-14.15%, 8.81-19.12%, 1.94-3.04%, 10.47-14.72%, 36.99-53.98% and 24.88-37.63% araliklarinda belirlenmistir. Rheum ribes L.'nin 24 saatlik gaz {iretimi,
metan iiretimi 29.73-40.60 ml ve 2.63-5.50 ml arahiginda belirlenmistir. ME ve OMSD 6.97-9.87 MJ kg KM ve 45.68-60.02% arahginda belirlenmistir. Ozet
olarak olgunlasma donemi Rheum ribes L./nin besleme degerini énemli olgide etkilemistir. Rheum ribes L. ‘nin &6zellikle HP, ME, OMSD olgunlasma
donemi ilerledikge azalmigtir. Rheum ribes L.'nin gaz tiretimi, ME ve OMSD, ADF ve NDF icerigi ile 6nemli ve negatif korelasyon gostermis, ham protein
igerigi ile pozitif korelasyon sergilemistir. Ek olarak Rheum ribes L./nin ruminant hayvanlarin performansi ve besleme degerinin belirlenebilmesi igin in
vivo ¢alismalara da ihtiya¢ duyulmaktadir.
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Effect of Maturity Stages on Potantial Nutritive Value of Rheum ribes L.

INTRODUCTION

Forages have an important role in ruminant animal nutrition with the potein, mineral and energy they
provide. At the same time, these forages are a source of fiber for animals with chewing and rumination.
There are many factors that affect the nutritional value of forages. Although the effect of the maturation
period, which is one of them, on the chemical composition, metabolic energy content and digestion degree
of plants has been revealed by some researchers, there are many more plants waiting to be investigated in
natural pastures (Atalay and Kamalak, 2019; Kaplan et al., 2016; Kurt and Kamalak, 2020) Rheum ribes L.
has several different local Turkish names such as: 1sgin, ucgun, dag muzu, ribes, revas. Rheum ribes L. that
is belonging to Polygonaceae, is a perennial wild plant that is of medical importance as flowers shoots and
stalks can be consumed as vegetables. It has been reported that the only species grown in our country
belonging to the genus Rheum is Rheum ribes L. (Cullen, 1996; Tuncer and Giinsan, 2017). In the high
plateaus, in the season when the snow starts to melt, it has a 40 cm tall inflorescence stem that rises from
the large coarse leaves in the form of elephant ear, 2-5 long-stalked, kidney-shaped leaves with toothed
edges, small flowers and a well-developed taproot (Baytop, 1984). It grows naturally in the Eastern
Anatolia Region, where Mus is located, and is collected from nature in the spring and summer months and
consumed (Muzuroglu et al., 2000). In different regions, different plant parts are evaluated both
nutritionally and medicinally (Chang et al., 2014; Cakilcioglu and Tiirkoglu, 2007; Hu et al.,2014; Kaval et
al.,2014; Meral, 2017). In our country, there are studies on the nutrient content and medical importance of
the ray plant, and no study has been found in which the animal nutrition value is determined by using the
in vitro gas production technique. Some screening assays have been conducted in recent years to try to
identify plant species with potential antimethanogenic activity (Garcia- Gonzalez et al., 2008; Soliva et al.,
2008).

In the study, it was aimed to determine the chemical composition and anti-methanogenic effect of the
Rheum ribes L., which is widely found in the natural flora of Mus province, at different maturation periods
(pre-flowering, flowering, seedling).

MATERIAL AND METHOD

Rheum ribes L. plants were harvested from plots established in the experiment unit of native pastures at 3
different maturation periods (pre-flowering, flowering and seedling stages) in Mus, Turkey, in April-May,
2021. The collected samples were dried in the shade after their dry matter was determined, ground to pass
through a 1 mm sieve, and made ready for chemical analysis and in vitro gas production. Dry matter (DM)
was determined by drying the samples at 105'C overnight and ash by igniting the samples in muffle furnace
at 525°C for 8 h. Nitrogen (N) content was measured by the Kjeldahl method (AOAC, 1990). Crude protein
was calculated as N X 6.25., EE content of Rheum ribes L. determined by AOAC (1990), ADF and NDF
were determined according to the method reported by Van Soest et al. (1991). CT concentration was
determined by described by Makkar et al. (1995). In vitro gas production technique was used to determine
the TG production of Rheum ribes L. samples (Menke et al., 1979). Rumen fluid was immediately taken from
sheep slaughtered in the Kahramanmaras animal market and placed in a thermos, and brought to the
laboratory quickly so that microorganism activitycould continue. Approximately 0.200 gram air dried
samples of Rheum ribes L. samples was weighed into calibrated glass syringes which were prewarmed at
39 C. Then 30 mL rumen fluid-buffer mixture was transferred into each syringe. The glass syringes
containing samples and rumen fluid-buffer mixture were placed in a water bath at 39° C. Gas production
was measured at 24 h after incubation and corrected for blank and hay standard. The gases obtained as a
result of the incubation were determined by transferring them to the Infrared Methane Analyzer (Sensor
Europe GmbH, Erkrath, Germany) with plastic syringes to determine the methane percentages (Goel et al.
2008). The methane gas production amounts of the samples were calculated using the formula given below.

Methane production (ml) = Total gas production (ml) X Percentage of Methane (%) 1)
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ME and OMD of Rheum ribes L. were determined according to the following equations (Menke and
Steingass, 1988).

ME (Mj kg-1 DM) = 1.06 + 0.1570GP + 0.084CP + 0.220EE — 0.081CA (2)

OMD (%) = 28.49 + 0.7967GP + 0.325CP )

GP= Net gas production at 24 h incubation time
The data obtained in the study were evaluated statistically (Tukey 5%) using one-way analysis of variance
(One-way ANOVA).

RESULTS AND DISCUSSION

Effects of maturity stage on the chemical composition and condanse tanen of Rheum ribes L. plants are
summarized in Tablel. Changes (P<0.05) were observed for chemical composition and condanse tanen in
terms of maturity stages. The CP content of Rheum ribes L. ranged from 8.81-19.12% and decreased with
increased maturity. CP content Rheum ribes L. harvested at the preflowering stage was significantly higher
than those of the flowering and seedling stages. This decrease in protein content is due to the decrease in
protein concentration in stems and leaves as maturation progresses (Buxton, 1996). Such result is in
agreement with findings of similar experiment (Atalay and Kamalak 2019; Aydin et al., 2007; Canbolat,
2012; Giray, 2019; Kamalak et al., 2011; Kaplan et al., 2016; Kurt and Kamalak, 2020). Ozcan et al. (2007)
determined the HP content of the Rheum ribes L. as 5.45-6.31%, Andig et al. (2009), determined the HP
content of the Rheum ribes L. as 1.07-1.56%, and Tunctiirk and Celen (2017) determined the HP content of
the Rheum ribes L. as 21.69%. All these variations might have resulted in ecological conditions, maturity
stages, plant parts. It has been reported that for optimum rumen fermentation and feed consumption in
ruminants, the HP content of the feeds should be at least 7-8% (Van Soest, 1994). In this case, the HP content
of the Rheum ribes L. was found to be appropriate in three maturity stages.

The CA content of Rheum ribes L. varied between 6.11-14.15 %, and it was found to be significantly higher
during the flowering period compared to the pre-flowering and seedling stages (P<0.05). Ozcan et al. (2007)
reported CA content Rheum ribes L. as between 7.74-9.69%, Tuncturk ve Celen (2017) as 7%. Such results
support the our current findings. The EE content of Rheum ribes L. ranged from 1.94-3.04%. The highest EE
content Rheum ribes L. was determined during the flowering period. Ozcan et al. (2007) reported EE content
Rheum ribes L. as between 1.90-3.60%. Such results support our current findings.

The ADF and NDF content of Rheum ribes L. ranged from 24.88-37.63%, 36.99-53.98% respectively. It was
determined that ADF and NDF content increased from pre-flowering to the seedling period. Similarly, it
has been reported in various studies that ADF and NDF content with advancing maturity were significantly
increased (Atalay and Kamalak, 2019; Aydin et al., 2007; Canbolat, 2012; Giray, 2019; Kamalak ve ark.,
2005a, 2005b; Kamalak and Canbolat 2010; Kamalak et al., 2011; Kaplan et al., 2016; Kurt and Kamalak,
2020). The CT content of Rheum ribes L. ranged from 10.47-14.72% and decreased with increased maturity.
It has been reported that the low level of condensed tannin in the feed (1-4% in dry matter) has a beneficial
effect as it prevents the excessive breakdown of proteins in the rumen, while the high amount of grains (5%
and above in dry matter) affects the performance of the animal negatively by limiting feed consumption
(Boga et al., 2021; Budag, 2009; Kamalak, 2007; Unver et al., 2014). However, the tannin found in Rheum
ribes L. was found to be high in all three maturation periods. Therefore, more care should be taken when
using it in all three periods.
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Table 1. Chemical compositions and condansed tannin content of Rheum ribes L. harvested at three stages.
Cizelge 1. Farkli hasat donemlerindeki Rheum ribes L.'nin kimyasal bilesimi ve kondense tanen icerigi.

Maturity stages

Parameters Preflowering  Flowering Seedling SEM Sig.
DM 92.73¢ 96.40° 98.642 0.311 *
CA 6.81° 14.152 6.11° 0.305 *
CP 19.122 14.43b 8.81¢ 0.157 **
EE 3.042 1.94b 2.862 0.251 **
ADF 24.88¢ 30.54° 37.632 1.315 *
NDF 36.99° 52.072 53.982 0.671 *
CT 14.722 11.52b 10.47¢ 0.270 **

Means within the same row with differing superscripts (a—c) (P>0.05); ** P<0.05, S.E.M.: standard error mean, Sig: significance level.

As can be seen from Table 2, GP of Rheum ribes L. decreased with increased maturity. Gas and methane
after 24 h incubation ranged between 29.73-40.60 ml, 2.63-5.50 ml respectively. It is thought that the reason
for the decrease in gas production as the maturation period is due to the increase in ADF and NDF against
digestible substances. It is well known that ADF and NDF contents are the parts of the plant that cannot be
digested anymore. The gas released as a result of fermentation depends on the amount of digestible
nutrients in the rumen, and it has been stated that the higher the amount of digestible nutrients, the more
gas is produced (Bliimmel and Orskov, 1993). The decrease in GP with increasing maturity was also a
reflection of the decreased quality and was consistent with the findings of Kamalak et al. (2005a; 2005b)
reported that a decrease in GP as the forage growing period extended.

Table 2. Gas production, ME and OMD of Rheum ribes L. harvested at three stages.
Cizelge 2. Farkli hasat donemlerindeki Rheum ribes L. nin gaz iiretimi, ME ve OMSD.

Maturity stages
Parameters Preflowering Flowering Seedling SEM Sig.
Total gas (ml) 40.602 37.28P 29.73¢ 1.068 *
CHa (%) 13.562 12.64° 8.86¢ 0.121 *
CHa (ml) 5.502 4.71v 2.63¢ 0.243 *
ME (Mjkg! DM) 9.872 8.69° 6.97¢ 0.131 *
OMD (%) 60.022 55.44> 45.68¢ 0.888 *

Means within the same row with differing superscripts (a—c) (P>0.05); ** P<0.05; S.E.M.: standard error mean, Sig.: significance level.

ME and OMD ranged from 6.97-9.87 Mj kg KM, 45.68-60.02% respectively. The highest values of ME and
OMD were recorded before flowering. OMD and ME of Rheum ribes L. also decreased with increasing
maturity. As the amount of gas released as a result of fermentation decreased as the periods progressed, it
decreased in ME and OMD. The decrease in CP concentration and gas production resulted in ME and OMD
of Rheum ribes L. also decreased with increasing maturity. Such results support our present findings (Atalay
ve Kamalak, 2019; Canbolat 2012; Giray, 2019; Kamalak ve ark., 2005a, 2005b; Kaplan ve ark., 2014; Kaplan
ve ark., 2016; Kurt ve Kamalak, 2020). CH4% of total gas were significantly decreased with advancing
maturity (P<0.05). Similarly, it has been reported in various studies that CH4% total gas was significantly
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decreased with advancing maturity (Atalay ve Kamalak, 2019; Kaplan ve ark., 2016; Kurt ve Kamalak, 2020;
Uke ve ark., 2017).

Gas production, ME and OMD were significant and negatively correlated with NDF ve ADF contents
(Table 3). This result is consistent with the findings reported by (Aydin et al., 2007; Canbolat, 2012; Ceylan
and Kamalak, 2019; Kamalak et al., 2011; Kamalak et al., 2005a, 2005b; Kamalak and Canbolat 2010; Kaplan
et al., 2016). CP content was positively and significantly correlated with GP, which is in agreement with
the earlier findings of Canbolat, (2013), Karabulut et al. (2007), Larbi et al. (1998).

According to the percentage of methane in the gas released as a result of fermentation, the
antimethanogenic potential of the feeds is classified as low (>11% and <14%), medium (>6% and <11%), and
high (>0% and <6%) (Lopez et al., 2010). CH4% total gas of Rheum ribes L. ranged from 8.86-13.56%.
According to the classification the seedling maturity of Rheum ribes L. can be said to have anti-methanogenic
properties, even if at moderate potential and pre-flowering and flowering maturity stages of Rheum ribes
L. even if at low potential.

Table 3. Correlation coefficient (r) of the relationship of chemical composition with gas production, ME (M] kg' DM)
and OMD (%) of Rheum ribes L.
Cizelge 3. Rheum ribes L.'nin kimyasal bilesimi ile gaz iiretimi, ME ve OMSD arasindaki korelasyonlar.

Parameters DM CA cP EE NDF ADF CT

TG -0.903" 0.270Ns  0.0953™  -0.019Ns -0.795" -0.979™ 0.839"
CHas (%) -0,910** 0.3208s  0.973" -0.070Ns -0.779* -0.957" 0.846™
CHa (ml) -0.874™ 0.406Ns  0.954" -0.153N8 -0.712" -0.909™ 0.799"
ME -0.956™ 0.178Ns  0.989" 0.064Ns -0.863" -0.985™ 0.906™
OMD -0.924" 0.266Ns  0.974" -0.017N8 -0.810™ -0.979" 0.861"

** P<0.05, NS: Non-significant (P>0.05).

CONCLUSION

This study provided useful information about the possible decrease in the nutritional value of Rheum ribes
L. with increasing maturity. The chemical composition, in vitro total gas, ME, OMD of Rheum ribes L. were
negatively affected by the maturity stage. It was concluded that Rheum ribes L. will provide more CP and
ME energy for ruminants when harvested or grazed at the pre-flowering stage vegetative and flowering
stages. Rheum ribes L. showed promising potential for ruminant animals. However, in this experiment the
CT levels Rheum ribes L. at the three maturity stages were higher than those considered detrimental to
ruminants. Therefore, care should be taken when using the animal feed.
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