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Tarmm Kaynakh Sorunlar ve Siirdiiriilebilir Bir Tarmm I¢in Cok Yillik Yem
Bitkilerinin Onemi: 1. Sorunlar

Ahmet Gokkus!
!Canakkale Onsekiz Mart Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii, Canakkale, Tiirkiye

Oz: Tarmm basta gida olmak iizere insanlarim ihtiyaglarimi gidermek icin insanlar tarafindan

yaklasik 12 bin yildir ugrasilan en kiymetli ekonomik faaliyettir. Tarim ayn1 zamanda ciddi

¢evre sorunlarinin da 6nemli bir kaynagidir. Artan niifusu besleyebilmek icin tarimsal

iretimi artirma cabalari, yogun girdili yillik tek iiriin (monokiiltiir) yetistiriciligine
Makale Gegmisi doniistime neden olmustur. Bunun sonucunda yogun kimyasal kullanimi1 ve toprak isleme
Gelis:  18/03/2024 giivenli gida tiretimini zorlastirirken, toprak kaybina, topraklarin su tutma kapasitesi,

organik maddesi ve canli faaliyetinin azalmasina, biyolojik ¢esitliligin kaybina ve diger
Kabul:  17/05/2024 cevre sorunlarma da kap1 aralamistir. Ustelik tek iiriin yetistirilen hemen hemen biitiin
Yaymnlama: 07/06/2024 tarimsal ekosistemlerde bu sorunlar yasanmistir. Bu durumun {istesinden gelebilmek i¢in
degisik ¢cevre dostu alternatif tarim sistemleri gelistirilmis ve uygulamaya konulmustur. Bu
makalede tarim kaynakli bu olumsuz etkiler, yapilan bilimsel ¢caligmalardan yararlanilarak
degerlendirmistir.

Derleme Makalesi

Anahtar Kelimeler: Tarimin sorunlari, erozyon, organik madde, besin elementleri, tarim ilaglari, biyolojik gesitlilik

Problems Originating from Agriculture and the Importance of Perennial Forage Crops for
Sustainable Agriculture: First Category Problems

Abstract: Agriculture is the most valuable economic activity that people have been
engaged in for about 12 thousand years to meet people's needs, especially food. Agriculture
is also a major source of serious environmental problems. Efforts to increase agricultural
production in order to feed the increasing population have led to a transformation into
annual monoculture cultivation with intensive inputs. Consequently, while intensive usage
Received:  18/03/2024 of chemicals and tillage make safe food production difficult. It also opens the door to soil
Accepted:  17/05/2024 erosion, decrease in soil water holding capacity, organic matter and biological activity, loss
Published:  07/06/2024 of biodiversity and other environmental problems. Furthermore, these adverse effects have
been experienced in almost all agricultural ecosystems where monocropping is
implemented. Various environment-friendly alternative agricultural practices have been
developed and put into practice to overcome these adverse effects. In this review paper,
these adverse effects, caused by agriculture, have been evaluated and taking benefits in the
lights of scientific studies.
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Giris

Modern insan 100 bin yil kadar 6nce Afrika’da ortaya ¢ikmis (Harris, 2005), yaklasik 10-12 bin y1l 6nce
tarima (bitkisel ve hayvansal iiretime) baglamis ve diinyadaki ekosistemlerin ¢ogunu tamamen degistirmistir
(Mazoyer ve Roudart, 2006). Binlerce yil siiren bu siirecte insanlar, dogrudan diger hayvanlarin rekabeti ve
avlanmasi, dolayli olarak da ormansizlagtirma ve tarim i¢in arazi kullanimi yoluyla ekosistemleri yeniden
sekillendirmistir. Bugiin de tarim, muazzam arazi kullanimi1 nedeniyle diinya {izerinde biiyiik bir etkiye sahip
olmaya devam etmektedir. Bu sebeple son yarim asirda tarimsal genisleme kiiresel ekosistem bozulmasmin
ardindaki baskin sebep olarak goriilmektedir (MEA, 2005). Diinyanin kara yiizeyinin %751 insan eylemleri
sonucu onemli dl¢iide degismistir (UNEP, 2023) ve yasanabilir topraklarinin yarist ve tath su kaynaklarinin da
%70’1 tarimda kullanilmaktadir. Aymi sekilde tatli ve tuzlu su kaynaklarinda 6nemli sorun teskil eden
otrofikasyonun da %78’inden tarim sorumludur (Ritchie ve ark., 2022). Ekosistemlerin tarima doniigsmesi gida
iiretimini artirmig, ancak ayni zamanda diger ekosistem islevlerini (su akisinin diizenlenmesi vb.) ve hizmet
iiretme kapasitesini (biyolojik ¢esitliligin saglanmasi vb.) de azaltmistir. Son 50 yildaki gida iiretimi artiginin
yarisindan ¢cogu diger ekosistemlerle yapilan ticaret yoluyla, yani iiretkenlik artisi ile degil, tarimsal genigleme ile
gergeklesmistir. Bunun sonucunda canli ¢esitliligi azalmig ve daha duyarli bir liretim sisteminden (yliksek verimli,
ancak strese duyarl bitkiler) kaynaklanan kirilganliklar artmistir (Falkenmark ve Rockstrom, 2008).

Diinyada ¢evre iizerinde tarimin bu etkileri 6zellikle sanayilesme ile hizlanmistir. Ciinkii sanayilesme ile
birlikte fosil yakit ve kimyasal kullaniminda biiyiikk artislar yasanmistir. Bu da ticari tek triinlii tarimi
(monokiiltiir) tesvik etmis ve c¢evre iizerindeki olumsuzluklar1 da ayni 6l¢iide yiikseltmistir. Nitekim insanlar
ciftcilige basgladigindan bu yana yaklasik 7.000 bitki tiirii yetistirmisler (Khoshbakht ve Hammer, 2008) ve
bunlarin da ¢ogunu yerel ve kiiciik dlgekte tiretmislerdir. Ancak bugiin sadece 30 bitki tiirii diinya niifusunun
enerji ihtiyacinin agag1 yukar1 %90’ karsilamaktadir. Bunlar igerisinde bugday, celtik ve misir gibi tahillar ise
kiiresel olarak tiiketilen gida enerjisinin yaklagik yarisini saglamaktadir (FAO, 2008). Tiirkiye’de ise bugday, arpa
ve musir en ¢ok ekilen ve liretilen bitkilerdir. En fazla ekilen ii¢ bitki diinyada toplam tarim alanlarinin yarisina
yakinini, Tiirkiye’de ise yarisindan fazlasini olugturmaktadir.

Diinyada sanayinin gelismesi ile birlikte makinelesmenin artmasi, dogal olarak enerji kullanimini da
artirmustir. Enerji kaynaklari i¢erisinde fosil yakitlar bas1 ¢ekmistir. Zira diinyada tiiketilen enerjinin %80’inden
fazlas1 fosil yakitlardan (petrol, komiir, dogalgaz) karsilanmaktadir (Agiralioglu ve Agiralioglu, 2020; Sahin ve
Karhan, 2021). AB’de 2021 yilinda harcanan enerjinin %70’ini fosil yakitlar olustururken, Tiirkiye’de bu oran
%84 seviyesindedir (Euronews, 2023). Tarimda makinelesme ile birlikte fosil yakit kullanimi artmistir.
Makinelesme ayni zamanda daha biiyiik arazilerin iglenmesini miimkiin kilmis ve tek iiriin yetistiriciligini 6ne
cikarmistir. Yiiksek iiretimi yakalayabilmek icin iiretiminde fosil yakitlarin bulundugu tarimsal girdilerin
kullaninm da artmistir. Ornegin ABD’de musir yetistirmek igin gereken enerjinin %99,95°i fosil yakit kaynaklidir
(Crews ve ark., 2018). Tiirkiye’de de ekonomik biiyiimede tarimsal enerji tiikketimi etkili bir yere sahiptir (Kapgak
ve ark., 2023). Zira 3,8 litre benzin 100 saatlik insan emegine veya giinde sekiz saatle yaklasik 2,5 haftalik
caligmaya esdeger is enerjisi saglayabilmektedir (Pimentel ve Pimentel, 2008).

Tiirkiye’de toplam enerjinin %3,2’lik kism1 tarim sektoriinde kullanilmaktadir (Sahin ve Karhan, 2021).
Buna gore, tarimda kullanilan enerji miktar1, toplam enerji tiiketimi igerisinde oldukca diisiik diizeydedir. Bunun
yaninda kullanilan enerjinin 6nemli bir kismui ticari tarim ile iligkilidir. Daha yiiksek tiretimi hedefleyen ve daha
cok girdi kullanimini gerektiren bu tarim sistemi, ancak enerji (6zellikle fosil yakit enerjisi) girdisinin artirilmast
ile miimkiin olabilmektedir.

Sera gazlarina bagli olarak kiiresel 1sinma sorunu, tarimsal iiretimi ve tarimda siirdiiriilebilirligi 6nleyen
onemli faktorlerden birisidir. Yetersiz veya asir1 yagislar, yagis dagiliminin ve sicaklik degisimlerinin
diizensizligi, erozyon sorununun artmasi ile toprak kayiplari, seller, sicaklik degisimleri sonucunda mevsimlerin
kaymas1 vb. tarimsal ekosistemlerde giderek daha sik karsilagilan sorunlar haline gelmistir. Bu sorunlarin kaynag:
olarak kabul edilen sera gazi salmiminin yaklasik %14°ii de tarimsal faaliyetlerden ileri gelmektedir (TUIK,
2022a). Bu sebeple bitkisel iiretimde verimliligi diistirmeden makine (fosil yakit) kullanimin1 azaltan sistemlerin
aragtirilmasi ve ortaya konmast, tarimin siirdiirtilebilirligi bakimindan oldukg¢a dnemlidir.

Iki kissmdan meydana gelen bu bilgi paylasiminin ilkini olusturan bu makalede sorunlar, ikincisinde

(Gokkus, 2024) ise sorunlarin ¢oziimiinde bir segenek olarak cok yillik yem bitkileri yetistiriciligi ele alinmstir.
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Toprak Olusumu ve Kaybi

Toprak, yeryliziinii kaplayan ince bir tabakadir ve ana kayanin ayrismasiyla olusur. Cogunlugunu mineral
parcaciklar meydana getirir. Bunlarin yaninda belirli oranlarda organik madde, hava ve su bulunur. Organik
maddeye dahil edilen canli organizmalar da topragin en islevsel 6zelligidir. Biitiin bu unsurlar yavas, ama siirekli
etkilesim halindedir. Karada yasayan canlilarin varlig1 topraga baglidir. Besinlerinin ¢ogunu (minerallerin
tiimiinii) topraktan alan bitkiler insan ve hayvanlar i¢in temel besin kaynagidir (Andig, 1993). Buna karsilik toprak
kolayca zarar gorebilir veya uzaklasabilir.

Toprak anakaya, iklim, canli, arazi yapisi ve zaman gibi bir¢ok faktoriin etkisi ile olusur ve bu olusum
anakayanin parcalanmasi ile baglar. Parcalanmada su, sicaklik degisimi, riizgér, canli organizmalar, kimyasal
tepkimeler ve fiziksel olaylar etkili olur (Simsek, 1993). Belirli bir topragin 6zelligi toprak olusum siirecine
baglidir ve bu siire¢ tarimsal uygulamalar gibi insan miidahalesi ile biiyiik 6lciide degisir (Delgado ve Gomez,
2016).

Anakayanin yapisi ve mineral bilesimi toprak olusum hizini ve olusan topraklarin 6zelliklerini belirler.
Daha sicak veya daha nemli iklimlerdeki topraklar, daha soguk veya daha kuru iklimlerdekilerden daha gelismistir
(Sindelar, 2015). Sicaklik ve yagis toprakta cereyan eden fiziksel ve kimyasal olaylarin miktarini ve hizini tayin
eder. Sicaklik ve yagis bir yerdeki iklimin kurak ya da nemli olmasini, bu da toprak tipini tayin eder (Ergene,
1993). Arazi yapisinda, 6zellikle kuzey ve giliney bakilar arasinda iklim ve buna bagli toprak 6zellikleri arasinda
onemli degisimler olur. Bu da toprak olusum hizin1 ve olusan topraklarin karakterini belirler. Ornegin giiney
yamaglarda topraklar daha s1g, kurak, erozyona agik ve daha killidir (Andig, 1993). Kuzeye bakan topraklarda ise
ayrisma daha yiiksek seviyededir (Egli ve ark., 2015).

Egim, olusan topraklarin aginma ve taginmasina tesir eder. Egim arttik¢a su erozyonu da artar (Sensoy ve
Palta, 2009; Zhang ve ark., 2015; Gao ve ark., 2020; Mutlu ve ark., 2021) ve %10 egimden sonra erozyon hizlanir
(Zhu ve Zhu, 2014). Bu sebeple toprak islemeli tarimda egimin %10-12’yi asmamas1 Onerilir. Aksi halde
teraslama ve egime dik siiriim gibi 6zel dnlemlerle tarim yapilmalidir. Ulkemizde halen toprak islemeli tarim
alanlarinin %13,4 {inlin bu egim sinirimin tizerindeki arazilerde (V-VII. sinif araziler) yer almasi (Haktanir ve ark.,
2010), bu alanlardaki erozyonun sebeplerinden birini olusturmaktadir.

Toprak canlilar1 ve bitkilerin toprak olusumu ve gelisiminde 6nemli yeri vardir (Culman ve ark., 2010;
Usman ve ark., 2016) ve bu iklimle iliskilidir. Iklimin canli gelisimi icin uygun oldugu ortamlarda biyolojik
faktorlerin toprak olusumuna etkileri artarken, elverissiz iklimde azalir. Ornegin toprak kurudukga bitki biiyiimesi
azalir, bu da ylizey tabakasinin kararliligini azaltir ve daha fazla toprak kaybina izin verir. Bunun ug¢ 6rnegi de
collesme siirecidir (Sindelar, 2015).

Toprak olusumunda zamanin etkisi dolaylidir. Anakaya, iklim, arazi yapist ve canli faktdrlerin tesiri
zamanla ortaya ¢ikar. Toprak olusum siireci uzun vadeli olup, Diinyadaki topraklarin ¢ogunun mevcut durumunu
olugturmasi 10.000 yi1ldan fazla zaman almistir (Balasubramanian, 2017). Sadece 1 cm toprak orta iklimlerde 200-
400 yilda meydana gelir ve verimli bir alanin olugmasi igin yeterli toprak ingasi 3.000-12.000 yil alir (Anonim,
2024).

Su ve riizgar gibi erosif giiglerin etkisi ile topraklarin bulunduklari yerden koparilip tasinmasi olan erozyon,
toprak ozelliklerine, zemin egimine, bitki Ortiisiine, yagis miktar1 ve yogunluguna bagli olan karmasik bir siirectir
(Montgomery, 2007). Erozyon iizerinde en biiylik etkiler arazi yapisi (%47,6) ve bitki ortiistinden (%34,8) ileri
gelir. Ayrica erozyonun %38,7’si tarim alanlarinda gergeklesmistir. Diinyanin bir¢ok bdlgesinde de topraklarin
bozulmasi ve erozyon, bitki ve hayvan yetistiriciliginde tiretkenligi azaltarak gida gilivenligini ve insan sagligini
etkilemektedir (Sena, 2019).

Arazi kullanimindaki degisiklikler toprak erozyonunu da biiyiik 6l¢lide artirir. Artan insan niifusunu
beslemek i¢in bagvurulan tarimsal faaliyetler tarim alanlarindan kaynaklanan erozyonu istikrarli bir sekilde
ylikseltmistir (Hooke, 2000). Toprak islemeli tarimda her y1l bir ya da birkag kez yapilan toprak isleme sonucunda
koruyucu bitki ortiisiiniin kaldirilmasi, uygun olmayan arazi kullanimi veya toprak yonetimi, topragin erosif
giiclere kars1 tutunmasini zorlastirir ve asinip taginmasini kolaylastirir. Topragin islenmesi ile yeniden koruyucu
bitki Ortlisiiniin olugmas1 arasinda gegen siirede topraklar erozyona karsi korumasiz kaldiklari i¢in tarim
alanlarinda erozyon iyi meralar ve ormanlar gibi dogal bitki ortiilerine gore ¢ok daha yiiksektir (Demir ve ark.,
2017).
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Geleneksel olarak siiriilen tarim alanlarindaki erozyon, toprak iiretimi, dogal bitki ortiisiindeki erozyon ve
uzun vadeli jeolojik erozyon oranlarindan ortalama 1 ila 2 kat daha fazladir. Bu sekilde siiriilen tarlalarda
hizlandirilmig net erozyon orani yaklasik 1 mm/y1l olarak belirtilmis (Montgomery, 2007), hatta bazi kaynaklarda
bunun 50 mm’ye kadar ulasabildigi rapor edilmistir (Delgado ve Gomez, 2016). Bu durum toprak profili
derinliginin azalmasina ve bozulmasma yol a¢gmaktadir (Delgado ve Gomez, 2016). Erozyon sebebiyle
yeryliziinden toprak kaybi, olusumundan 13-18 kat daha hizlidir (FAO, 2008). Eger toprak olusumu toprak
kaybindan daha yiiksekse, erozyon zararli olmaz (Hurni, 1983). Bu ylizden siirdiiriilebilir bir erozyon miktarina
ulasmak, toprak koruma uygulamalarinin temel hedeflerinden biridir. Burada ¢ok yillik bitkiler daha uzun siire
toprag1 koruyan ortii olusturmak suretiyle toprak kayiplarin1 6nemli 6l¢lide azaltabilirler (Zhang ve ark., 2011;
Dixon ve Garrity, 2013).

Erozyonun sebepleri icerisinde bitki ortiisti onemli bir yer tutmaktadir. Bitki ile kapli alan arttik¢a erozyon
ile toprak kayiplar1 azalmaktadir. Toprak yiizeyinde siirekli ortii olusturan dogal bitki ortiileri (mera, orman)
erozyonun ve bunun sonucu besin elementi kaybinin en az goriildiigii yerlerdir. Genellikle orman ve mera ortiileri
ile kapl1 alanlarda yiizey akis1 diisen yagisin %10-20’sini asmadigi halde, bitki ortiisii olmadiginda bu oran %60-
70’e kadar yiikselebilmektedir (Morrow ve ark., 2017). Y1illik olarak yetistirilen ve topragi yeterince kaplamayan
bitki ortiilerinde toprak ve besin elementlerinin kayb1 oldukea yiiksek diizeydedir. Ornegin, misir ve soyanin yalin
ve karigik ekimlerinde en yiiksek besin elementi (N, P, K) kayb1 yalin ekilen misir parsellerinde kaydedilmistir
(Bashagaluke ve ark., 2018).

Tiirkiye’de su erozyonu sonucu yillik toplam toprak kaybi 8,24 ton/ha olarak hesaplanmis, tarim alanlarinda
gergeklesen kayip ise 8,36 t/ha olarak belirtilmistir (Erpul ve ark., 2020). Bunun yaninda yine iilkemizde 2020
yili itibariyle erozyonla taginan yillik toprak miktar1 140 milyon tondur. Yer degistiren topragin da %53,7’si mera,
%38,7’si tarim, %4,2’si orman ve %3,4’1 diger arazilerde gergeklesmistir (CEM, 2021). Bu toprak kayiplari,
iklimden, egimden, arazilerin boliinmesinden, iiriin deseninden, toprak isleme uygulamalarindan ve koruma
onlemlerine dikkat edilmemesi gibi hususlardan ileri gelmektedir. Halen 3 milyon ha alanda toprag: belirli bir
siire bos (iiriinsiiz) birakan nadas yapilmaktadir (TUIK, 2022b). Bunun bir boliimiinii elbette kuraklik zorunlu
kilmaktadir. Nadas alanlarini azaltmaya yonelik olarak {iriin deseninde kuraga dayanikli yonca ve korunga gibi
cok yillik yem bitkilerine yer verilmesi (Tosun ve ark., 1987), topraklarin korunmasina biiyiik katki saglayacaktir.

Yiizey Akisi ve Suyun Topraga Girmesi

Yagis suyunun yetistirilen bitkiler tarafindan en yiiksek seviyede kullanilabilmesi igin yiizey akisinin en
az, suyun topraga girisinin (infiltrasyon) ve toprakta kullanilabilir halde depolanmasinin en fazla olmasi gerekir.
Infiltrasyon bitkiler ve toprak canlilari igin gerekli suyun ana kaynagidir (Huffman ve ark., 2013; Haghnazari ve
ark., 2015). Yagisin yiiksek, arazinin egimli ve topraga giris oraninin zayif oldugu durumlarda yiizey akisi yiikselir
(Wallance, 2000) ve beraberinde su ve toprak kayiplarinda artis meydana gelir. Kotii yonetim ile suyun topraga
girisi kisitlanirsa, bitkisel tiretim, toprak canlilar1 ve toprak organik maddesi azalir (Haghnazari ve ark., 2015).
Buna karsilik yagis sular topraga ne kadar ¢cabuk ve kolay girerse, yiizey akisi ile su ve birlikte toprak kayiplar
da en aza iner (Aksakal, 2011). Topraga giren suyun da toprakta hareket etme kolayligi biiyiik 6l¢iide mikro
gbzeneklerin boyutuna ve kaliciligina baglidir. Bu da toprak biinyesi, toprak parcaciklarinin kiimelenme derecesi
ve parcaciklar ve kiimelerin diizeni ile iligkilidir. Ayrica topraktaki daha biiyiik gdzeneklerin boyutlar1 ve kararl
yapisi, suyun topraga girisini kolaylastiracaktir (Huffman ve ark., 2013).

Egimin derecesi ve uzunlugu, infiltrasyonu ve buna baglh olarak yiizey akist ve toprak kaybimi dnemli
olgiide etkiler (Fox ve ark., 1997; Janeau ve ark., 2003; Parsons ve ark., 2006; Rahardjo ve ark., 2021). Arazi
ortiisii ve arazi kullanimi da suyun topraga girisinde belirleyicidir. Bitki ortiisii yilizey akisini1 geciktirir ve suyun
ylizeyde tutulmasini, sizmasini ve topraktaki miktarini artirir. Suyun girisini etkileyen cesitli toprak isleme ve
arazi yonetimi sartlari, yiizey akist orani ve miktarinda dogrudan etkilidir (Huffman ve ark., 2013).

Toprak isleme hem ylizey akisi ve yagis sularmin topraga girisini hem de bunlarin sonucunda bitkiler
tarafindan suyun kullanimin1 belirler. Toprak isleme yiizeydeki bitki ortiisiinii uzaklastirdigi igin ylizey akisinin
artmasina sebep olur (Kosmas ve ark., 1997; Molla ve ark., 2022). Buna karsilik topragin uzun siire islenmeden
iretimde kullaniminda, yagmur ve sulamadan kaynaklanan daha yiiksek sizma ve daha az yiizey akis1 olabilir
(Deck, 2010).
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Yiizey akiginin baslattig1 toprak erozyonu tarimsal ekosistemlerdeki kritik bir ¢evre sorunudur. Erozyon
hizl1 yiizey akisi nedeniyle su tutma kapasitesini ve topragin organik maddesini azaltir. Sonugta besin elementleri
ve degerli toprak biyotasi taginir (Duran Zuazo ve Rodriguez Pleguezuelo, 2008). Yiizey akisini azaltarak
erozyonun kontrolii ve bozulan topragin yenilenmesi i¢in en etkili dnlemlerden biri, bitki drtiilerinin olusturulmasi
ve korunmasidir. Bitki o6rtiisti yagist engelleyerek yiizey akisini 6nemli dl¢iide azaltabilir ve yagmur damlalarinin
etkilerini zayiflatarak suyun topraga sizmasini kolaylastirabilir (Llorens ve Domingo, 2007; Huang ve ark., 2013).
Bitki ile kapli alanin %60’1n {izerinde olmasi, yiizey akisinm etkili bir sekilde azaltir, suyun topraga girisini de
onemli 6lgtide artirir (Huang ve ark., 2017).

Cok yillik bugdaygiller yil boyu toprak yiizeyini kaplar, devam eden ot hasadinda bile erozyonu 6nemli
olciide smirlar. Ornegin, yiizey akisi Agrostis stolonifera’da %69, Lolium perenne’de %65, Poa pratensis’de %53,
Festuca rubra rubra’da %44 ve Festuca arundinacea’da %25, toprak kayiplari ise %90’1n {izerinde azalmistir
(Geren ve Yonter, 2007). Hasat ile toprak iistii kiitlesi uzaklastirildiginda, bugdaygillerin yiizeyde yogunlagmis
olan sacak kokleri erozyona karsi direng gosterebilir (Kort ve ark., 1998). Bunun yaninda bugdaygiller hizla
cimlenip tam bir zemin Ortiisii sagladiklar i¢in ¢cogu yerde erozyon kontroliinde en etkili bitkilerdir (Brindle,
2003). Giiglii ¢ok yillik otsu tiirlerden olusan ortii de yiizey akisini ve sediment kaybini azaltir ve toprak organik
maddesini, toprak yapisini ve topragin su ve mineral tutma kapasitesini iyilestirerek topragin gelisim stireclerini
destekler (Duran Zuazo ve Rodriguez Pleguezuelo, 2008).

Sulama, Tuzlulasma ve Su Basmasi

Bitkilerin biiylimesinde en 6nemli faktdr olan su, yetersizliginde yapay olarak verilebilmektedir. Ancak
bitki ve diger cevre faktorleri yeterince dikkate alinmadan yapilan sulamanin yararindan ¢ok zarar1 olabilmektedir.

Fosil yakitlarin yakilmasiyla baglantili insan faaliyetleri kiiresel gevre iizerinde biiyiik bir etkiye sahiptir
(Metz ve ark., 2005). Gelecege yonelik projeksiyonlar, iklim degisikliginin sel ve kuraklik gibi iklim soklarinda
biiylik bir artisa ve ozellikle kurakliga egilimli ortamlarda genel yagista kademeli bir diisiise yol acacagin
gostermektedir. Tarim diinyanin en biiyilk dogrudan suya bagimli insan faaliyeti oldugundan, bunun gida
giivenligi iizerinde giiclii etkileri vardir. Bu nedenle kurakligin etkilerinin azaltilmasi gelecekte daha da 6nem arz
edecektir. Erigilebilir tath su yilda 12.500-15.000 km3 olup, bunun toplam yillik karasal yagisin %11-13"{ oldugu
tahmin edilmektedir. Bu sebeple yarmin diinyasini beslemek, suya bagli farkli ekolojik islevler arasinda su
aligverisi anlamina gelecektir (Rockstrom, 2003).

Su yenilenebilir bir kaynaktir, ancak kullanilabilirligi degisken ve sinirlidir. Diinyadaki hemen hemen her
iilke yilin belirli zamanlarinda su kitlig1 yasamakta ve bugiin 43 iilkede yaklasik 700 milyon insan su kitligi
¢ekmektedir (UNDESA, 2023). Artan niifusun ihtiyaglar1 arttik¢a kisi bagina diisen temiz su kaynaklar1 hizla
azalmaktadir (Pimentel ve ark., 1997). Niifus artis1 yalnizca kisi basina diisen su varhigini azaltmakla kalmay1p,
ayni zamanda tiim gevre sistemini zorlamaktadir. Tarim diinyadaki tatl suyun yaklasik %70'ini tiiketmekte olup
(Singh ve ark., 2014), sulamayla ilgili kirlilik, erozyon, yiizey akisi ve tuzlulasma gibi faktorler ile suyun verimsiz
kullanimi1 su kaynaklarinin azalmasina katkida bulunmaktadir (Pimentel ve ark., 1997).

Bitkiler fotosentez, biiylime ve iireme i¢in suya ihtiyag duyarlar. Suyun kii¢iik bir kism1 bitkinin kimyasal
yapisinin bir pargasi olup, geri kalani1 atmosfere salindigi i¢in bitkiler tarafindan kullanilan su geri kazanilamaz.
Karbondioksit baglanmasi ve sicaklik kontrolii siirecleri, bitkilerin muazzam miktarda su tiikketmesini gerektirir.
Bitkiler tiretilen kg kuru madde basima 300-2000 1 arasindaki su tiiketirler. Bu hayvansal {iretimde ¢ok daha

yiiksektir. Ornegin, 1 kg sigir eti iiretiminde su kullanimi1 43.000 litreye kadar ¢ikmaktadir (Cizelge 1).
Cizelge 1. Bitkisel ve hayvansal iiriin tiretimi i¢in gerekli tahmini su miktarlari
Table 1. Estimated amounts of water required for plant and animal production

Bitki Su ihtiyac1 (I’kg KM) Hayvan Su ihtiyac1 (I’kg KM)
Soya 2.000 Broyler pili¢ 3.500

Celtik 1.600 Et sig1r1 43.000

Yonca 1.100 Koyun 51.000

Bugday 900

Misir 650

Patates (kuru) 630

Kocadari (sorgum)* 267

Kaynak/Source: Singh ve ark., 2014
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Diinyada tarim alanlarinin yaklasik %80’inde yagmurla beslenen tarim sistemi (¢ogunlukla kuru tarim)
hakim olup, bu sistem kiiresel gida iiretiminin 2/3’iine katki saglamaktadir (Oweis ve Hachum, 2009). Ekili
alanlarin yalmizca yaklasik %17’°si sulanmakta ve bu sulanan topraklar diinya gida iiretiminin %40’ 1 temin
etmektedir (FAO, 2002). Sulamaya bagli sorunlar (tuzlulagsma, su basmasi, siltasyon) verimliligi diislirmeye
devam etse de, sulanan alan miktar1 yavas yavas artmaktadir. Fakat hizli niifus artig1 kisi basina diisen sulanan
alan miktarinin siirekli azalmasina sebep olmaktadir (Gleick, 2002).

Sulu tarimin verimlidir, ancak daha ¢ok enerji gerektirir. Genel olarak sulu tarimda tiiketilen enerji miktari,
yagmurla beslenen bitkiler i¢in harcanandan énemli 6lciide daha fazladir. Ornegin sulu bugday, kuru bugday
iiretmek i¢in gereken enerjinin {i¢ katindan fazlasini harcar. Yagmurla beslenen bugday hektara yilda yaklasik 4,2
milyon kcal enerji girdisi gerektirirken, sulu bugdaya ortalama 5,5 milyon 1 su saglamak i¢in 14,3 milyon kcal
enerji lazimdir (Singh ve ark., 2014).

Tuzlulagma sulamadan kaynaklanan énemli bir sorundur. Tuzlar dogal olarak yikandigi i¢in yagmurla
beslenen {iriinlerde tuzlanma bir sorun degildir. Ancak sulama suyu bitkilere verildigi ve bu su da terleme ve
buharlagma ile atmosfere geri dondiigiinde, ¢6ziinmiis tuzlar toprakta yogunlasarak bitki biiylimesini engeller. Bu
tuz birikimi tath su ile temizlenebilir, fakat bunun 6nemli bir maliyeti vardir. Diinyada tiim sulanan topraklarin
yaklasik yarisi tuzlulasmadan olumsuz etkilenmektedir. Tuzlu toprak tarafindan tahrip edilen diinya tarim arazisi
miktarinin her y1l 10 milyon hektar oldugu tahmin edilmektedir (Singh ve ark., 2014). Ayrica sulanan tarlalardan
gelen drenaj suyu da biiyiik miktarlarda tuz igermektedir.

Sulama sonucu yasanabilen baska bir sorun da su basmasidir. Sulama kanallarindan ve sulanan tarlalardan
sizan sular {ist toprakta birikebilir. Pompalama ve tagima sirasindaki su kayiplar1 nedeniyle mahsuliin sulanmasi
icin ayrilan suyun yaklasik %601 iiriine ulagsmaz (Wallace, 2000). Yeterli drenaj olmadiginda, bitki kok bolgesi
de dahil olmak iizere iist toprak seviyelerinde taban suyu yiikselir ve bitkinin biiylimesi bozulur. Bu tiir sulanan
tarlalar verimsiz hale geldikleri igin bazen “islak ¢oller” olarak da adlandirilirlar (Singh ve ark., 2014).

Organik Madde (OM) Kayb1

Kiiresel olarak toprak organik maddesi, atmosfer veya karasal bitki Ortiisiiniin ii¢ katindan fazla karbon
igerir (Schmidt ve ark., 2011). Bu sebeple toprak kalitesi ve islevselliginin devam, siirdiirtilebilir tarim ve tiriin
verimliliginin merkezinde OM vardir (Johnston ve ark., 2009; Gosling ve ark., 2013). Toprak OM’si, (a) heniiz
parcalanmamis bitki ve hayvan artiklari, (b) parcalanmis ve humus olarak adlandirilan maddeler ve (c) biiyiik ve
kiigiik toprak canlilar1 (edafon, biyota) olmak {izere ii¢ kistmdan olusur. OM topraklarin su tutma kapasitesini
artirir, havalanmasini temin eder, yapisini diizeltir, daha ¢abuk 1sinmasini saglar, katyonlari tutarak bitkilere besin
maddesi temin eder, toprak canlilarini ve faaliyetlerini artirir, topraklariin islenebilirligini kolaylastirir ve daha
kolay tava gelmesini saglar, kaymak baglanmasini Onler, ylizey akisini engelleyerek erozyonu azaltir ve
tamponluk etkisi ile topraklarda ani pH degisimlerinin 6niine gecer (Kononova, 1966; Johnston ve ark., 2009;
Cakmake1 ve Erdogan, 2012). Topraklarin OM miktarin1 ekim ndbeti, topragin islenme siiresi ve teknigi, bitki
ortiistiniin durumu, bitki atiklarinin yakilmasi veya gdmiilmesi, kullanilan tarim teknigi ve giibreleme yaninda,
sicaklik ve yagis rejimi gibi iklim faktorleri etkilemektedir.

Uygun tohum yatag1 hazirlamak, yabanci otlar1 kontrol etmek, giibre, pestisit ve diger katki maddelerini
topraga karistirmak i¢in tarim topraklar1 uzun yillardir farkli say1 ve derinliklerde islenmektedir. Yogun toprak
isleme kisa vadede tohum i¢in ideal bir ortam olustururken, uzun siirede topragin kalite gdostergelerini olumsuz
hale getirmektedir (Bayram ve ark., 2015). Zira toprak isleme yogunlugu ile toprak OM’si arasinda genellikle
negatif bir iliski vardir ve artan toprak islemeye paralel olarak toprak OM’si azalma egilimi gostermektedir (Polat,
2020). Bu yiizden topragin tarimsal iiretimde kullanilmasi, genellikle uzun bir siire boyunca toplam organik
maddesinde bir diisiise neden olmus (Johnson, 1991; Bot ve Benites, 2005; Sleutel ve ark., 2006), bu da topragin
islevlerini etkilemistir. Bu durum hem canli kiitle hem de biyolojik c¢esitlilik agisindan toprak biyotasinin
azalmasina sebep olur. Toprak OM’sini ayristiracak ve toprak pargaciklarini baglayacak organizmalarim olmadigi
yerlerde ise toprak yapisi yagmur, riizgar ve giinesten kolayca zarar goriir. Bu ise yagmur suyunun akisina ve
toprak erozyonuna yol acarak organizmalar i¢in potansiyel gida olan {ist topragin OM’sini ortadan kaldirabilir
(Bot ve Benites, 2005). Toprak siiriildiigli zaman bitki artiklar1 hava ile birlikte topraga karisip birgok
mikroorganizma ile temasa gegerek karbon dongiisiinii hizlandirir. Ayrisma daha ¢abuk gergeklesir ve bu durum
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daha az kararli humus olusumuna ve atmosfere daha ¢ok CO> salinimina ve sonugta OM’de azalmaya sebep olur
(Bot ve Benites, 2005). Dogal ekosistemlerden tarimsal ekosistemlere gegcis, toprak karbonunda (organik
maddede) biiyiik bir kayba yol agar ve bu kayiplar 1liman ve tropik bolgelerde %60 ve %75’e kadar ¢ikabilir (Lal,
2004).

Topragin seyrek islendigi ya da islenmedigi daimi yem bitkileri drtiilerinde OM daha yiiksek seviyelerdedir
(Johnston ve ark., 2009). Zira ¢ok yillik otsu tiirlerden olusan dogal bir merada bitkilerin tirettigi karbonun %50-
67’si toprakta tutulurken, bugday, misir, aygicegi gibi yillik bitkiler tiretimlerinin %15-30unu toprak altina tahsis
ederler. Dolayisiyla ¢ok yillik bitki ortiisiinden yillik tiriinlere gegiste meydana gelen kokle iliskili OM azalmasi,
toprak OM’sinin tarimla birlikte azalmasinin da temel sebebini olusturur (Crews ve ark., 2018).

Cok yillik bitkilerin bir {iretim sistemine en 6nemli katkisi, kdklerinin tiim y1l boyunca kok salgilarini ve
cliriyen kok hiicrelerini birakmasi ve bunlarin da toprak organizmalar: tarafindan bir enerji kaynagi olarak
kullanilmasidir. Topraktaki besin ag1 yillik bitkilerin yetistirilmedigi kurak mevsimlerde bile korunur. Sonugta
toprak canlilar1 bir sonraki hasat mevsiminin baginda iiriine besin saglamak icin yerinde kalmis olur (Bot ve
Benites, 2005).

Besin Elementlerinin Tutulmasi ve Kaybi

Besin elementi, bir organizmanin normal yasam dongiisii i¢in mutlaka bulunmasi gereken ve onun gorevini
baska elementlerin yerine getiremedigi elementtir (Aydemir ve Ince, 1988). Buna gore bir organizmanin yasami
besin elementlerinin varligina baghdir. Eksikliginde yiiksek ve siirdiiriilebilir bir iiretim miimkiin olmaz. Bu
sebeple tarimsal ekosistemlerde muhtelif yollarla kaybolan besin elementlerinin yerine konmasi i¢in hemen
hemen her yetistirme doneminde giibrelere bagvurulur.

Tarimsal ekosistemlerden besin elementi kayiplarinin en onemli kismini erozyon meydana getirir ve
kaybolan miktar da erozyonun boyutuna baglidir. Bu yiizden bitkisel {iretim ve ¢evre icin ¢ok faktorlii bir tehdit
olan erozyon (Bashagaluke ve ark., 2018), besin elementi kayiplarina ve toprak yapisinin bozulmasina sebep olur
(Wu ve ark., 2023).

Tarim sistemlerinden kaynaklanan toprak P kaybi1 gelecekte gida ve yem iiretimini sinirlayacak boyuttadir.
Yiiksek kimyasal giibre girdisine ragmen diinya topraklari P agisindan tiikkenmekte olup, yillik kayiplarin 0,4-1,9
kg/da arasinda degistigi diistiniilmektedir. Bu kayiplarda temel etken erozyondur. Bu durumda gelecekte diinyada
mineral P giibresinde mutlak bir kitligin olabilecegini varsayilmaktadir (Alewell ve ark., 2020).

Yillik dirtinlere gore ¢ok yillik bitkilerin daha az siklikta islenmesi ve toprak yiizeyinin daha uzun siire bitki
ile kapli olmasi, topraktaki OM’nin ayrigmasini ve besin kaybini azaltirken, daha biiyiik kok sistemlerine sahip
cok yilliklar besin elementlerini daha biiyiik bir toprak hacminden alirlar (Kaspar ve ark., 2008; Moore ve ark.,
2019). Bu durum ¢ok yillik yetistiricilikte besin elementi ihtiyacini da azaltmis olur (Crews, 2005).

Toprak Canhlarmmin Tepkisi

Topragin biyolojik olarak etkin giic merkezini olusturan toprak canlilar1 (biyotasi), yasam dongiilerinin
tamamini veya bir kismin1 toprakta geciren ¢ok sayida organizma toplulugunu ifade eder. Toprak canlilar1 agirlikl
olarak bakteri ve mantarlardan olusur ve bunlar ¢ogu toprakta bulunan canli kiitlenin %95’ini temsil ederler.
Ayrica mikro-fauna (nematodlar, protozoa), mezo-fauna (Collembola, akarlar) ve makro-fauna (solucanlar,
termitler, yumusakgalar vb.) da toprak ortamindaki organik madde ve ilgili besin maddelerinin doniisiimiinii
belirleyen karmasik besin ag1 sistemlerinde bulunurlar (Wardle, 2002; Condron ve ark., 2010). Toprak canlilar
bitki artiginda, topragin birkac¢ santimetrelik iist kisminda ve kokler boyunca yogunlasmistir. Bu organizmalar
birbirleriyle, bitki kokleriyle ve gevreleriyle etkilesime girerek topragin besin agini olustururlar (SQI, 2001).

Toprak canlilarinin kiitlesi toplam toprak organik maddesinin nispeten kiigiik bir kismini olusturmasina
karsin, bu organizmalar tarimsal ekosistemlerin temel islevsel unsurlarindan biridir. Besin maddelerinin tutulmasi
ve dongiisii, topragin OM’sinin ve fiziksel yapisinin insast ve kontrolii ile bitki ortiisliniin dinamikleri gibi
ekosistem hizmetlerinde belirleyici rol oynarlar (Hendrix ve ark., 1990). Karbon tutma ve depolama, azot
baglama, suyun topraga girmesi ve tutulmasi, topragin havalanmasi, OMnin pargalanmasi ve besin elementlerinin
ayrismasi ve alimi gibi toprak islevlerinden de sorumludurlar (Brito-Vega ve ark., 2013; Usman ve ark., 2016).
Bitki artiklarinin, 6l koklerin ve hayvan kalintilarinin ayrismasinda rol oynarlar (SQI, 2001; Bot ve Benites,
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2005; Gwenzi, 2022). Aym1 zamanda bitkisel liretimin artirilmasi ve giivenli gida iiretiminin de Onemli
belirleyicileridir.

Bakteriler OM iiretimi (fotosentez) ve ayrismasiyla karbon dongiisiine katkida bulunurlar ve dolayisiyla
toprak rengini ve kalitesini iyilestirebilirler (FAO, 2005). Ayrica faaliyetleri ile toprak kiimelerinin kararliligini
ve yiizey akisi ve toprak erozyonuna karsi topragin direncini artirirlar (Sadeghi ve ark., 2020). Mantarlar toprak
parcaciklarini baglamaya (kiimelesmeye), suyun topraga girisine ve topragin su tutma kapasitesini artirmaya
yardimci olurlar (Ritz ve ark., 2004; Syamsiyah ve ark., 2018) ve besin elementi alimini kolaylastirirlar (FAO,
2001; Coleman ve ark., 2018). Toprak faunasi, topragin kiitle yogunlugunu azaltmak, gézenek alanni,
havalanmasim1 ve drenaji artirmak, su tutma kapasitesini yiikseltmek, kiimelesmeyi iyilestirmek ve bitki
artiklarinin ayrigmasini saglamak suretiyle toprak yapisini iyilestirirler (Abbott, 1989; Coleman ve ark., 2018).

Toprakta kok, yumru ve diger yeralt1 organlarin1 olusturan bitkilerin toprak 6zellikleri ve olusumunda
biiyiik etkileri vardir. Kokler toprak pargaciklarini baglayarak erozyona ve istenmeyen ¢evresel degisikliklere
kars1 direng gosterirler. Yapraklar ve diger bitki artiklar1 topraga OM katarlar (Usman ve ark., 2016). Kok
cevresindeki yararli toprak canlilar1 da bitkilerin biiyiime ve gelisimini etkileyen biyokimyasal siirecleri kurar,
hizlandirir ve asalak organizmalari ve patojenleri engellerken, mevcut besin ve bilyiime maddelerinin tiretiminin
artmasina vesile olurlar (Brito-Vega ve ark., 2013).

Bakteri ve mantar bilesimini en ¢ok etkileyen faktdr toprak biinyesidir. Kum pargaciklarinin katyon
degistirme kapasitesi ve besin maddesi igerigi diisilk oldugundan, birgok mikroorganizma tiirii kil ve ince mil
pargaciklari ile birlikte olusur (Seaton ve ark., 2020). Toprak faunasi i¢in hayati dneme sahip olan bu koloidal
kisim da erozyon sonucu en kolay tagian boliimdiir. Yagis ve bunun sonucu ortaya ¢ikan ylizey akisi, bakteri ve
diger organizmalarin topraktaki dikey ve yatay hareketini etkileyen 6nemli bir faktordiir (Abu-Ashour ve Lee,
2000). Yagis kaynakli toprak erozyonu, toprak organik karbonunun ve baglantili bakteri toplulugunun toprak
kalitesini ve igleyisini etkileyecek sekilde uzaklagmasina sebep olur (Le ve ark., 2018).

Toprak islemesi sonucu oncelikle kiiciik parcaciklardan olusan iist toprak kayiplari yasanir. Genellikle
topragin biyolojik olarak en aktif kism1 olan mikroorganizma topluluklari da topragin iist 20-30 cm’lik boliimiinde
yogunlagmistir (Goberna ve ark., 2006; Fierer ve ark., 2007; Wagai ve ark., 2011). Dolayisiyla tarim topraklarmnin
isleme sonucu aginmasi ve akabinde taginmasi en ¢ok bu organizmalarin kaybina yol agar.

Ince biinyeli tarim topraklarinda agir makine kullanimi (Soane ve ark., 1981) ve nemli mera topraklarinin
zamansiz otlatilmas1 toprak sikismasi sorunu yaratir (Chan ve Barchia, 2007; Donovan ve Monaghan, 2021).
Sonugta suyun topraga girisi, hidrolik iletkenlik ve havalanma gibi makro gozenek islevleri azalir ve yiizey akisi,
erozyon ve bitki biiylimesi tizerindeki olumsuz etkiler artar (Richard ve ark., 2001; Czyz, 2004). Toprak
yapisindaki degisikliklerin yan1 sira kok biiyiimesi ve uzama hizini, bu da bitkilerin su ve besin alimini azaltir,
fidelerin ¢ikisim zayiflatir, bitki boyu kisalir ve potansiyel verimi diisiiriir (Sidhu ve Duiker, 2006; McKenzie,
2010; Nawaz ve ark., 2013; Shaheb ve ark., 2021). Topragin sikismast makro gozenek hacmini azaltip, topraktaki
su ve hava oranlarini etkiledigi i¢in organizmalarin yasam kosullar1 (toprak havasindaki O2’nin azalip CO2’nin
artmasi) olumsuz etkilenir (Brussaard ve van Faassen, 1994; Beylich ve ark., 2010; Nawaz ve ark., 2013).

Canh Cesitliliginin Kayb1

Canl1 ¢esitliligi dinyamizin en dikkat ¢ekici yoniidiir. Ekolojik denge, dinamizm ve bozulma karsisinda
hizli onarim yetenegi zengin tiir ¢esitliliginin bir sonucudur. Tarimsal ekosistemlerde canli ¢esitliligi, besin
iiretiminin Otesinde, besinlerin geri doniisiimii, mikro iklimin ve yerel hidrolojik siireclerin diizenlenmesi,
istenmeyen organizmalarin baskilanmasi ve zararli kimyasallarin bertaraf edilmesi dahil olmak iizere cesitli
ekolojik hizmetleri yerine getirmektedir (Altieri, 1999). Diinyadaki canli tiirii sayis1 konusunda birgok tahmin
yapilmistir. Bunlardan Mora ve ark. (2011), kiiresel olarak yaklasik 8,7 milyon dkaryotik tiiriin var oldugunu ve
bunlarin yaklasik 2,2 milyonunun denizlerde bulundugunu kaydetmislerdir. IPBES (2019) ise 5,9 milyon karasal
tiiriin varhigindan bahsetmektedir. Insan eylemleri biiyiik 8lgiide bu organizmalarin habitat kaybi1 ve bozulmasi ile
sonuglanmistir. Canli yagsam alanlarinin kayb1 ve bozulmasi, karasal tiirlerin yaklagik %9’unun (500 binden fazla
tiir) uzun vadede hayatta kalmak i¢in yeterli yasam alanina sahip olamayacag1 ve yasam alanlar1 onarilmadigi
siirece cogunun onlarca yil iginde yok olmaya mahkim olacagi iddia edilmektedir (IPBES, 2019).
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Halen diinya kara yiizeyinin %40’1m1 olusturan tarimsal iiretim, yaygin arazi doniigiimii, kirlilik ve toprak
bozulmas1 nedenleriyle karasal biyolojik gesitlilikte dngoriilen kayiplarin %70’inden sorumludur (IISD, 2017).
Bu haliyle kiiresel gida iiretim sistemi biyolojik ¢esitlilik kaybinin birincil itici giicii olup, yalnizca tarim, nesli
tiikenme riski altindaki 28.000 tiirden 24.000’1 i¢in belirlenen tehdit durumundadir (Benton ve ark., 2021). Son
50 yilda tarimda yogun girdi kullanimi, bir¢ok yabani bitki ve hayvan tiiriiniin bolgesel veya ulusal diizeyde yok
olmasina sebep olmus ve tarimsal ekosistemlerin isleyisini derinden degistirmistir (Geiger ve ark., 2010).

Tarimin biyolojik ¢esitlilik tizerindeki etkileri, boyuta ve yogunluguna baglidir. Modern tarimin gelisiyle
birlikte diinyada bir¢ok geleneksel bitki ¢esidinin yerini az sayida yiiksek verimli ¢esit almistir. Bu kontrollii bitki
1slahinin ve kitlesel 6lgekte benimsenen yogun kiiltiirel uygulamalarin basarisinin bir sonucu olmus ve tek iiriinlii
tarim gelismistir (Shannan ve Grant, 2007). Bu siire¢ 1950’lerde FAO, Diinya Bankasi ve diger bir¢ok uluslararasi
kurulusun diinyanin gida kitligiyla karsi karsiya oldugunu ve kiiresel gida arzin1 artirmak i¢in derhal biiyiik 6l¢ekli
bir programin baglatilmasi gerektigine dikkat ¢ekmesi ile baglamig ve yaklasik 1960’lar ve izleyen yillarda “Yesil
Devrim” olarak adlandirilan bir doneme girilmistir. Bu siiregte verimi artirmak i¢in yiiksek verimli gesitler
bulunmus ve en yiiksek verim giicline ulagsmak icin de yiiksek giibre ve su girdisi, tek iiriinlii yetistiricilik ve
modern tarim makineleri gerektirmis ve gelistirilmistir (Bowring, 2003).

Tek iirlin yetistiriciliginin sonucu olarak tiir ¢esitliliginin azalmasi ve verimli ¢esitlerin gelistirilmesi, kiiltiir
bitkilerini hastalik ve zararlilara kars1 daha savunmasiz hale getirmis ve iklimdeki ve tarimsal uygulamalardaki
degisimlere tepki verme yeteneklerini azaltmis (Asafu-Adjaye, 2003) ve tarimda siirdiiriilebilirligi zorlastirmistir
(Pretty, 2008; Cavender-Bares ve ark., 2013; Gliessman, 2015). Bu sebeple biyolojik ¢esitliligin kaybi, insanligin
gelecekte hayatta kalmasina yénelik bir tehdit olarak kabul edilmektedir (Chivian, 2001). Uriin gesitliliginin
kaybi, Ozellikle gelismekte olan iilkelerde halihazirda aglik, beslenme bozukluklar ile A vitamini ve Fe
eksikliklerine yol agmistir (Shannan ve Grant, 2007).

Ozellikle degisik bitkiler veya ciftlik hayvanlari icin farkli tarlalarin ekildigi daha kiiciik alanlara sahip
ciftlikler genellikle daha yiiksek biyolojik ¢esitlilige sahiptir. Organik tarim gibi bircok alternatif tarim sistemi,
doniisiimlii ve karigik (bitki ve hayvan) iiretime dayali olarak dogas1 geregi daha cesitlidir. Farkli ¢iftlik tiirleri ve
yetistirme sistemlerine bakildiginda, genellikle verim ile biyolojik cesitlilik arasinda ters bir iligki vardir. Daha
fazla verim tipik olarak daha yogun girdi kullanimindan kaynaklanir. Artan yetistirme yogunlugu, makine ve girdi
kullanim1 ve uzmanlagmanin da artmasini gerektirmektedir (Benton ve ark., 2021). Yogun mekanizasyon ve girdi
kullanimi sonucunda da iiriin ¢esitliligi azalmis, ¢evre sorunlar1 artmis ve gida giivenligi zayiflamistir (Shannan
ve Grant, 2007; Altieri, 2009).

Tarim ilagclarimin Etkileri

Tarim ilaglar1 (pestisitler), iirlinlere saldiran ve hasar veren zararlilar1 ve hastalik amillerini 6ldiirmek igin
kullanilan kimyasal maddeler veya biyolojik ajan karisimidir. Zararlilar genel olarak beslenmemizi, sagligimiz1
ve/veya konforumuzu tehlikeye atan bitki ya da hayvanlardir. Tarim ilaglari da bu zararlilar1 cezbederek ve
ardindan yok ederek veya zayiflatarak gorev yaparlar (Mahmood ve ark., 2016). Cok uzun yillardir bitkileri
korumak i¢in farkli tarim ilaglar1 kullanilmistir. Pestisitler kiiltlir bitkilerine 6nemli faydalar saglar ve entegre
zararl yonetimi programlarinda dogru kullanildiklarinda biiytik etkilere sahip temel araglardir (Talebi ve ark.,
2011). Bu sebeple modern tarimda yaygin olarak kullanilirlar. Uriiniin kalitesi ve miktarini artirmanin etkili ve
ekonomik yolu olan tarim ilaglari (Sharma ve ark., 2019), iiretime biiyiik destek olur, iiriin kayiplarini azaltir ve
dolayli olarak insanlarin refah diizeyini yiikseltirler (Tiryaki ve Temur, 2010). Tarim {riinleri {iretiminin yaklagik
1/3’{ tarim ilaglarinin uygulanmasina baglidir (Tudi ve ark., 2021). Bir tahmine gore, herbisit kullanim1 nedeniyle
ekmeklik bugday verimi yaklasik %10-20 artmistir. Zira diinyada tarimsal iiretimin %40-45°1 bitki hastaliklari,
zararlilar ve yabanci otlar sebebiyle kaybolmaktadir (Mahmood ve ark., 2016; Sharma ve ark., 2019).
Kullanilmadig1 takdirde meyve, sebze ve tahil {retiminde %78, %54 ve %32 kayip yasanabilecegi
diistintilmektedir (Cai, 2008). Bu sebeple tarim ilaglar diinyada hastalik, zararli ve yabanci otlarin azaltilmasi ve
verimin artirilmasinda kritik rol oynarlar.

Diinyada 2021 yili itibariyle toplam pestisit kullanimi 3,53 tona ulagsmis ve 1990’dan 2021 yilina kadar
kullanim1 %96 artmigtir (Statista, 2022). Bu tarim ilaglarinin yalnizca %1°1 hedef bitkilerdeki zararli bocekleri
kontrol etmek igin etkili bir sekilde kullanilmaktadir (Bernardes ve ark., 2015). Kalan biiyiik miktardaki ila¢ hedef
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olmayan bitkilere ve ¢cevreye niifuz eder veya ulasir. Sonugta tarim ilaglarinin tarimsal liretime 6nemli katkilarinin
yani sira insan ve ¢evre lizerinde ciddi olumsuz etkileri ortaya ¢ikar (van der Werf, 1996; Mahmood ve ark.,
2016). Pestisitler cevre kalitesini ve tiir gesitliligini azaltarak, gida zincirini, enerji akisini ve besin dongiisii
modellerini degistirerek, toprak, su ve hava kalitesini diislirerek ve ekosistemlerin kararliligi ve dayanikliligim
degistirerek temel ekosistem islevini etkileyebilirler (Pimentel ve Edwards, 1982). Bir¢ok kus, suda yasayan
organizma ve hayvan zararli pestisitlerin tehdidi altindadir. Insanlar ve hayvanlarda yaratti1 zehirlenme her
zaman endise kaynagi olmustur (Kumar ve Kumar, 2019). Bu nedenle genel olarak tarim ilaglarmin siirdiiriilebilir
bir ¢evre ve kiiresel istikrar i¢in bir endise kaynagi oldugu distiniilmektedir (Mahmood ve ark., 2016).

Tarim ilaglart uygulanan miktara, sikliga, uygulama zamanina ve yontemine, hava durumuna, bitki
oOrtiistiniin yapisina ve toprak tipine bagli olarak uygulandiklari tarim alanlarindan ¢ok genis bir ¢evreye dagilirlar
ve hedef olmayan organizmalara ulusabilirler (Isenring, 2010). Bitkiye ve topraga atilan tarim ilaclari, toprakta
tutulma, kimyasal bozulma, mikroorganizmalarla pargalanma, bitki kokleri ile alim, ylizey akisi, yikanma ve
buharlagma sonucunda uygulama alanindan uzaklagirlar (Khan, 1980; Hayo ve Werf, 1996; van der Werf, 1996).
Ozellikle yiizey akis1 ve erozyon, yikanma ve drenaj tarim ilaclari ile su kiitlelerinin kirlenmesinin ana yollaridir
(Vymazal ve Bfezinova, 2015). Bu kimyasallar buharlagsma ile atmosfere girdikten sonra ¢ok uzun mesafelere
taginabilirler. Pestisit kullaniminin 6nemli sonuglar igerisinde hedef olmayan organizmalar iizerindeki yan
etkileri, direngli popiilasyonlarin ve ilag kalintilarinin ortaya ¢ikmasi ve bunlarin beslenme agina girmesi de yer
almaktadir (Talebi ve ark., 2011).

Tarim ilaglarmin asir1 kullanimi biyolojik cesitliligin yok olmasina neden olabilir. Tarim ilac1 kullanim
son 60 yilda 6nemli dlgiide artmig ve bunun sonucunda tarim alanlarinda yasayan birgok tiiriin popiilasyonunda
belirgin bir azalma olmustur (Boatman ve ark., 2007). Ozellikle bocek ve mantar dldiiriiciilerin kullanimi biyolojik
cesitliligi olumsuz etkilemis ve biyolojik kontrol potansiyelini azaltmistir (Geiger ve ark., 2010).

Tarimda siirdiiriilebilirligin en énemli unsuru, ¢iftlik sistemi igerisinde hayvancilifa da yer verilmesidir.
Bu da yem bitkileri ekimini gerektirir. Uretim sistemi icerisinde ¢ok y1llik yem bitkilerinin yer bulmasi, biyolojik
cesitliligin korunmasi ile birlikte, toprak kalitesinin de muhafazasi gibi 6nemli islevleri olacaktir.

Sonug

Bitkileri toplayarak ve hayvanlar1 avlayarak yasamlarini siirdiiren insanlar, yaklagik 12 bin yil 6ncesinden
baglayarak bugiine kadar halen yetistirdikleri bitkileri kiiltiire aldilar ve sonrasinda hayvanlari evcillestirdiler.
Insanlarin gida, lif, yem vb. ihtiyaclarim karsiladiklar1 tarimsal iiretim ile niifusun artis1 eszamanli olarak
gerceklesmistir. Son 50 yilda tarimsal iiretim hizla artan insan niifusunu a¢ birakmanustir. Ozellikle bitkisel
iiretim artig1 yogun toprak isleme ve kimyasal (giibre, ilag) kullanimi ile bagsarilmistir. Ancak bu durum toprak
kaybin1 hizlandirmis, sulama kaynakli sorunlari (tuzlulagsma, su basmasi) tesvik etmis, toprakta OM ve besin
kayiplarina sebep olmus, toprak canlilarini ve faaliyetini azaltmis, canli ¢esitliliginin kaybina vesile olmus ve su
kaynaklarimin kirlenmesi gibi diger ¢evre sorunlarna yol agmistir. Gida giivensizligi de yaratan bu durum hem
tilketiciler hem de ireticilerin dikkatini fazlasiyla ¢ekmistir. Bilim insanlari da g¢aligmalarin1 bu konulara
odaklamistir. Tarimsal tretimi diisiirmeden disiik girdili, tiir gesitliligi yiiksek siirdiiriilebilir sistemler
gelistirilmis ve belirli 6l¢iide uygulamaya konulmustur. Birgok hiikiimet de bu g¢aligmalara ve iireticilere
desteklerini sunmustur. Tarimda siirdiiriilebilirligin tesisi bakimdan ¢ok yillik bitki (yem bitkisi) yetistiriciligi
onemli bir adim olarak goriilmekte ve onerilmektedir.
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Abstract: This study was conducted to investigate the mortality of adult stages of
Anthocoris nemoralis, a predator of the pear leaf flea, Cacopsylla pyri (Hemiptera:
Psyllidae) in nature, using four different insecticides namely; spinetoram, chlorpyrifos
ethyl, diflubenzuron and spirotetramat at three different period such as 24, 48 and 72
hours. The mortality rate in male adult individuals of A. nemoralis proportionally
increased with the exposure time in different insecticide treated environments. The
lowest mortality rate of 11.25 % was recorded on 24 hours followed by 45 % and 86.67

Article History % on 48 and 72 hours, respectively. Spinetoram caused the highest mortality (62.78
Received: 01/04/2024 %), while diflubenzuron resulted in the lowest mortality (41.66 %) in males. The
Accepted:  21/05/2024 mortality rates in females were similar to those in the males, with the highest mortality
Published: 10/06/2024 seen on the 72 hours of insecticide treatment and the lowest mortality on 24 hours.

Unlike in the males, the highest mortality was observed when diflubenzuron was used
and the lowest mortality when using spinetoram. The male individuals were found to
be more resistant than the females in terms of average period and average
time+insecticide in mortality rates with respect to different biological stages of A.
nemoralis, except for average means of insecticides. Overall, the average mortality
rates in males and females were 47.64 % and 48.96 %, respectively. The findings
suggest that the most harmful insecticide to adult stages of the insect was spirotetramat,
while chlorpyrifos ethyl was only slightly harmful.
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Introduction

Many species of insect pests affect the yield of pear (Prunus sp. L.). One of them such important and
notorious insect pest is Cacopsylla pyri (Hemiptera: Psyllidae), which is commonly known as pear psylla. The
biological stages, except eggs, of this insect pest feed on leaves, shoots and even on fruit of pear, causing economic
damage. If the population of C. pyri is dense, the growth and development of the pear trees may stop and may
also cause the shedding of pear leaves and fruit from the trees to the ground. Pear psylla causes direct and indirect
damages to pear orchards. During direct damage, pear trees become weak and there is reduced production because
of intense attack by this harmful insect pest. During indirect damage by psyllids, sooty molds develop and a large
amount of honeydew is produced from different vegetative parts of pear trees (Civolani, 2012).

In Tirkiye currently, C. pyri has developed resistance against several insecticides due to unconscious as
well as the heavy application of insecticides to control this insect pest. This heavy application of insecticides has
resulted in increased consumption of insecticides due to endurance. Hence, biological, cultural, biotechnological,
and other environment-friendly alternative methods of controlling pear psylla need to be introduced. Of all the
above-mentioned pest control programs, priority should be given to biocontrol of harmful insects. Anthocoris
nemoralis (Hemiptera: Anthocoridae), the natural enemy of pear psylla, is one of the important beneficial
predatory insects used in the biocontrol of this insect pest, as it keeps the population of psyllids below a level at
which they could cause economic damage under natural field conditions. Naturally, A. nemoralis is a polyphagous
predatory insect of majority of the egg, larval, nymphal, and even adult stages of different harmful insect pests.
A. nemoralis is the most common species of the Anthocoridae family in Tiirkiye (Yildirim et al., 2013). This
predatory insect species is used extensively for biological control of harmful insect species of the Psyllidae family
that cause tremendous damage, especially in pome fruit trees (Simionca et al., 2022). Many researchers have used
different methods and techniques of releasing A. nemoralis on pear psylla and olive psyllid, Euphyllura olivina
(Hemiptera: Psyllidae) (Gharbi, 2021) populations in pear and pistachio (Yanik and Unlu, 2015) orchards.
Sigsgaard et al. (2006) reported that field releases of 10 or 30 A. nemoralis nymphs per pear tree in three different
pear orchards in early May and two weeks later resulted in reductions of 31-40% in the C. pyri population. This
species is not commercially produced in my country. In Tiirkiye, some taxonomic studies were conducted on A.
nemoralis. Additionally, some paramount research studies were employed on different techniques and methods
in terms of mass-rearing and releasing of this predatory insect, along with the prey—predator relationships, in
Tiirkiye (Durlu and Ugur, 2014; Yazici, 2019) as well as in other parts of the world (Ferrero et al., 2014). But, in
Tiirkiye, not any research work which will pave a way for A. nemoralis in the integrated pest management
programs, and also the appraisement of the aftereffect of different insecticides are being used in fruit orchards
against several harmful insect species, particularly psyllids.

Anthocoris nemoralis is naturally found in ecosystem and has been used to control the infestation of pear
psylla and other harmful insect species in orchards (UCIPM, 2023). This study was conducted aim to determine
the mortality ratios of the male and female biological stages of A. nemoralis, a natural enemy of pear psylla, when
exposed to four different commonly used insecticides in pear orchards. Hopefully, this research study will
contribute to the resolution of integrated pest management (IPM) programs that could be primarily manipulated
in the biocontrol of insect pests in Tiirkiye. Furthermore, it would help producers/farmers select insecticides to
control harmful insect species.

18



Ali / JSTIE / 2024, Vol. 5, Issue 1, Pages: 17-22

Materials and Methods

Male and female adult stages of Anthocoris nemoralis (F.) (Hemiptera: Anthocoridae), and the fresh eggs
of Ephestia kuehniella Zeller (Lepidoptera: Pyralidae) were used as materials during the research work in 2014-
2015. The side-effects of the active ingredients of four tested insecticides, namely chlorpyrifos ethyl,
spirotetramat, spinetoram and diflubenzuron, on the male and female biological stages of A. nemoralis were
determined. The mortality rates of the insect biological stages when exposed to the insecticides for 24, 48 and 72
hours were also recorded. The adults of A. nemoralis were collected from the unsprayed and neglected pear trees
located in the Cubuk District of Ankara, Tiirkiye, and then transported to the Biological Control Laboratory of
the Department of Plant Protection, Faculty of Agriculture, Ankara University, Tiirkiye. The collected insects
were reared under the following laboratory conditions:

25+1 °C temperature, 7010% R.H., 16:8 hours (L:D) of photoperiod, and 2500-lux light intensity. The
insects were fed with fresh eggs of E. kuehniella.

The insecticides were prepared at appropriate concentrations. A spraying tower was used adopting the
spraying method of and then the insecticides were sprayed in empty glass petri dishes, at the rate of 2 ml/petri
dish, before transferring the insects into the dishes (Potter, 1952). After that, the insecticide-treated petri dishes
were left to dry for 30-45 minutes. Later, the newly emerged (within 0—24 hours) males and females of A.
nemoralis were selected randomly from the stocked insect culture — ‘Cubuk’ — a district of Ankara in Tirkiye.
After that, 10 insects from each sex were shifted to each insecticide contaminated petri dish for further studies.
During the entire research studies, the fresh eggs of E. kuehniella were adhered to black cardboard strips (1x1
cm) with the help of distilled water and kept at -4°C for 72 hours, before presenting them to A. nemoralis as food
daily. These prepared eggs of E. kuehniella were given as food to the male and female individuals of the predatory
insect after every 24 hours for the entire duration of the research according to the method reported by Karakus
(2018). Experimental trials were established using 6 replications for each insecticide along with a control
treatment, with 10 insect individuals (male or female) placed in each replication (insecticide-treated petri dish).
Just after the experiments, all living and dead individuals were counted under a stereo microscope and the
mortality rates resulted because of the application of four tested insecticides were recorded regularly after 24, 48
and 72 hrs. The experimental trials were carried out separately for the male and female individuals of A. nemoralis.
Result evaluations were calculated over the total number of dead individuals (male and female) of the predatory
insect. The side-effects of the treated insecticides were calculated by Abbott’s formula [Population % = ({pre-
treatment population — post-treatment population} + population without insecticide application) x 100 %] (Abbott,
1925; Karman, 1971). The results were evaluated according to the standards adopted by the IOBC working group
for the side-effects of insecticides on beneficial insects in laboratory and classified according to the toxicity effects
of insecticides in Table 1 (Boller et al., 2006).

Data analyses

Data obtained from this study were subjected to variance analysis using the Minitab 15 package program.
The differences between the side-effects of different insecticides on male and female biological stages of the
predatory insect were evaluated within the standard error of P<0.05, using the "Tukey Test" included in the
"MSTAT" package program.
Table 1. Classification of the side-effect of insecticides established by 10BC criteria for laboratory tests.

Toxic effect
Class value Toxicity level
(%)
N <30 Harmless or slightly harmful
M 30-79 Moderately harmful
T >80 Harmful

Source: Boller et al., 2006
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Results

Male Mortality Rates of Anthocoris nemoralis (F.)

According to the overall results of the effects of treated insecticides on male stages of the insect, it was
observed that the side-effects of different insecticides on male stages of A. nemoralis increased in terms of the
time periods (df=2, FCh=7.43, P= 0.024; df=2, FSpiro=9.38, P=0.014; df=2, FDi=6.98, P=0.027; df=2,
FSpine=9.47, P=0.014). Differences between the side-effects of insecticides after the time periods of 24, 48 and
72 hours were significantly importance (df=2, F24=1.64, P=0.257; df=2, F48=5.94, P=0.020; df=2, F72=8.98,
P=0.006). For the International Organization for Biological and Integrated Control (IOBC) classification (Table
2), all four insecticides fell under the moderately harmful class (M=30-79), according to the values obtained by
Abbott’s formula (%).

Table 2. Mortality in males of Anthocoris nemoralis exposed to different insecticides for the time periods of 24, 48 and 72 hours™

Mean+SE
Insecticides N Abbott (%) 10BC
24 hours 48 hours 72 hours
Class
Chlorpyrifos ethyl 6 8.33+£2.77 B-a 35.00+4.38 AB-a 83.33+9.28 A-b 42.22+5.48 M
Spirotetramat 6 5.00+1.28 B-a 38.33+3.81 AB-ab 88.33£7.68 A-b 43.894+4.26 M
Diflubenzuron 6 6.66+£1.92 B-a 33.33+3.03 AB-b 85.00+8.79 A-b 41.66+4.58 M
Spinetoram 6 25.00+£2.98 B-a 73.334£6.55 AB-ab 90.00+£6.91 A-a 62.78+5.48 M

*Difference between different uppercase letters in the same row is significantly important (Tukey, P<0.05), Difference between different
lowercase letters in the same column is significantly important (Tukey, P<0.05).

Female Mortality Rates of Anthocoris nemoralis (F.)

It was found that the aftereffects of tested insecticides on the survival of female biological stages of A.
nemoralis increased with time (df=2, FCh=14.98, P=0.005; df=2, FSpiro=17.02, P=0.003; df=2, FDi=25.41,
P=0.001; df=2, FSpine=10.75, P=0.010). Differences between the side-effects of treated insecticides was recorded
to be significantly important after 24, 48 and 72 hours (df=2, F24=8.88, P=0.006; df=2, F48=29.90, P=0.000;
df=2, F72=11.10, P=0.003). For the 10BC classification, the overall results (Table 3) showed that all four
insecticides fell under the moderately harmful class (M=30-79), according to the values obtained using Abbott’s
formula (%).

Table 3. Mortality in females of Anthocoris nemoralis exposed to different insecticides for the time periods of 24, 48 and 72 hours*

Mean=St. Error 10BC
N Abbott (%)

Insecticides 24 hours 48 hours 72 hours Class
Chlorpyrifos ethyl 6 6.66+£1.93 B-a 48.33+5.59 Ab-a 86.66+8.07 A-b 47.22+5.20 M
Spirotetramat 6 10.00+2.99 B-b 46.66+6.63 B-b 88.33+5.51 A-a 48.33+£5.04 M
Diflubenzuron 6 11.66+2.77 B-b 50.00+3.88 B-b 86.66+9.63 A-b 49.4445 .43 M
Spinetoram 6  3.33:t1.21B-b 25.00+£2.54 AB-b 76.66+4.61 A-b 34.99+2.79 M

*Difference between different uppercase letters in the same row is significantly important (Tukey, P<0.05), Difference between different
lowercase letters in the same column is significantly important (Tukey, P<0.05).

Discussion
Highest mortality rate (90.00%+6.91) was recorded after 72 hours in male biological stages of the predatory
insect exposed to the spinetoram active ingredient. On the other hand, the highest mortality rate in female
individuals (88.33%+5.51) was noted when they were treated with the spirotetramat insecticide in this study. This
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indicates that the male and female biological stages of the minute pirate insect have different levels of sensitivity
to spinetoram and spirotetramat active ingredients. In a study conducted by Lefebvre et al. (2012) with these two
active ingredients, it was observed that spinetoram (100 %) and spirotetramat (40.20 %) caused mortality in the
adult stages of Neoseiulus fallacis (Acari: Phytoseiidae). The mortality rates due to the application of spinetoram
in this study was very close to the mortality rate due to the same insecticide in the aforementioned study, but the
mortality due to spirotetramat treatments in above study was inversely correlated to the results obtained in this
study.

In another study, it was observed that the usage of high dose of Spirotetramat 150 OD resulted 28.88 %
mortality of predatory insect, Chrysoperla zastrowisillemi (Esberson Peterson) (Neuroptera: Chrysopidae). It is
also stated that spirotetramat could be used within the framework of integrated pest management programs (Amala
etal., 2015). In this study, spirotetramat was categorized under a slightly harmful (N) class according to the IOBC
classification, whereas it was observed to be moderately harmful (M) in this research work. Al-Deeb et al. (2014)
reported that chlorpyrifos ethyl caused a high mortality rate in adult biological stages of the predatory insect Orius
insidiosus (Hemiptera: Anthocoridae). But, in case of in this study, chlorpyrifos ethyl was found to be moderately
harmful (M) to both male and female adult stages of A. nemoralis. Rodriguez-Saona et al. (2016) found that the
mortality of adult biological stages of O. insidiosus due to chlorpyrifos was highest, while spinetoram and six
other active ingredients showed intermediate toxicities to this predatory insect.

Conclusion

This research was undertaken to determine the mortality rates in male and female biological stages of
Anthocoris nemoralis (F.) (Hemiptera: Anthocoridae) an active predator of Cacopsylla pyri (Hemiptera:
Psyllidae) under natural conditions when exposed to the tested insecticides for three different periods such as 24,
48 and 72 hrs. The overall lowest mortality rate of the male and female individuals of the minute pirate insect
(11.25%) was recorded on the first day of application of the insecticides, followed by mortality rates of 45.00%
and 86.67% on the 48 and 72 hours, respectively. The spinetoram insecticide showed the highest mortality rate in
male adult individuals of A. nemoralis (62.78%), while diflubenzuron showed the lowest mortality rate (41.66%).
The mortality rates of female biological stages of the predatory insects were similar to those of the male adult
individuals, with the highest mortality rates recorded on the third day of insecticide treatments and the lowest
mortality rates observed on the 24 hours of insecticide treatments. The overall average mortality rate in male
individuals was 47.64 %, while this ratio was determined as 48.96 % in female individuals. Among the tested
insecticides, the most harmful (T) insecticide to both the male and female biological stages of the predatory insect
was spirotetramat, while the slightly harmful (N) active ingredient was chlorpyrifos ethyl.
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Abstract: This study was carried out to determine the changes in some quality
characteristics of the fruits after 120 days of storage of SiegaFresh® Finish and different
essential oil saturated MAP applications on the export-oriented 'Hayward' kiwi variety. For
this purpose, fruits harvested during the period considered to be the optimal harvest
maturity for the 'Hayward' kiwi variety (Fruit flesh hardness: 6.0-6.5 kg/cm?, water-soluble
dry matter ratio: 9.5-10%), 1) Low density polyethylene (LDPE) bags, 2) Thyme oil
(Thymus vulgaris L.) at a dose of 0.5%, 3) Bitter almond oil (Prunus amygdalus var.
amara) at a dose of 0.5%, 4) Thyme (0.5%) + bitter almond oil (0.5%), 5) was stored in
MAP bags saturated with SiegaFresh®Finish. Kiwi fruits were stored in cold storage at
0+1°C temperature and 90-95% relative humidity conditions for 120 days. Quality changes
were determined in samples taken at 30-day intervals during storage. Compared to the
control application during storage, MAP applications generally showed significant
differences in terms of important ripeness parameters such as weight loss, fruit flesh
hardness (MES), amount of soluble solids content (SSC), titratable acidity (TEA), pH
value, Vitamin C content and fruit flesh color. It has been determined that the 'Hayward'
variety can be stored successfully for up to 120 days with SiegaFresh®Finish and essential
oil impregnated MAP applications.

Keywords: Kiwi, Siegafresh, thyme oil, bitter almond oil, quality, post-harvest

Hayward Kivi Meyvelerinin Depolanmasinda Siegafresh® ve Farkh Ucucu Yaglarin Kalite

Makale Ge¢misi
Gelis: 17/04/2024
Kabul: 05/06/2024

Yayimnlama: 11/06/2024
Arastirma Makalesi

Parametreleri Uzerine Etkileri

Oz: Bu calisma ihracata yonelik ‘Hayward’ kivi ¢esidinde SiegaFresh® Finish ve farkli
ugucu yag emdirilmis MAP uygulamalarmin 120 giinliik depolama sonunda meyvelerdeki
baz1 kalite Ozelliklerindeki degisimlerin belirlenmesi amaciyla gergeklestirilmistir. Bu
ama¢ dogrultusunda, ‘Hayward’ kivi ¢esidi i¢in optimal hasat olgunlugu olarak kabul
edilen (Meyve eti sertligi: 6,0-6,5 kg/cm?, suda ¢6ziiniir kuru madde orani: %9.5-10)
donemde hasat edilen meyveler, 1) Diisiik yogunlukta polietilen (LDPE) torbalar, 2) %0.5
dozunda kekik yagi (Thymus vulgaris L.), 3) %0.5 dozunda act badem yagi (Prunus
amygdalus var. amara), 4) Kekik (%0.5) + ac1 badem yag1 (%0.5), 5) SiegaFresh®Finish
emdirilmis MAP torbalara konarak depolanmistir. Kivi meyveleri soguk hava deposunda
0+1°C sicaklik ve %90-95 oransal nem kosullarinda 120 giin boyunca muhafaza edilmistir.
Depolama siiresince 30 giin araliklarla alinan &rneklerde kalite degisimleri belirlenmistir.
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Depolama boyunca kontrol uygulamasina gore agirlik kaybi, meyve eti sertligi (MES),
suda ¢dziinebilir kuru madde (SCKM) miktar, titre edilebilir asitlik (TEA), pH degeri, C
vitamini miktarlari ve meyve et rengi gibi onemli olgunluk parametreleri bakimindan genel
anlamda MAP uygulamalarinin tiimiinden iyi sonuclar alinmistir. SiegaFresh®Finish ve
ucucu yag emdirilmis MAP uygulamalari ile ‘Hayward’ ¢esidinin 120 giine kadar basarili
bir sekilde depolanabilecegi tespit edilmistir.

Anahtar Kelimeler: Kivi, Siegafresh, kekik yagi, acibadem yagi, kalite, hasat sonrasi

Introduction

Kiwi fruit belongs to the order Ericales, family Actinidiaceae and genus Actinidia. Kiwi, scientifically
known as Actinidia deliciosa, is thought to be of Chinese origin. Kiwi is a kind of fruit that can adapt to both
subtropical and temperate climates. Kiwi is widely grown throughout the world. Kiwi is a climacteric fruit that
ripens quickly after harvesting. Harvest maturity is one of the factors that significantly affects the quality and
shelf life of kiwi fruit. Because determining the ideal harvest maturity is crucial to fruit size and consumer
acceptability for kiwi fruit. The flesh firmness, sugar, aroma and acid contents of harvested kiwis are directly
related to the ripeness of the fruit and such features are important for the durability and quality of kiwi fruit. The
atmospheres surrounding the products use a system in which gas levels are constantly monitored and adjusted to
maintain optimal concentrations in controlled atmosphere (CA) cold storage facilities used to store the products.
However, it is thought to be more suitable for products that can be stored for long periods since this system
requires intensive capital and is expensive for businesses (Zagory and Kader, 1988).

On the other hand, modified atmosphere packaging (MAP) contributes to the preservation of post-harvest
product quality by changing the atmosphere surrounding the products in cold storage. In this system, gas
concentrations are controlled to a lesser degree. Typically, the interaction of the physiology of products and the
physical environment is kept within wider limits by determining the initial atmospheric conditions. Besides,
advances in the production of polymeric films have increased interest in creating and maintaining modified
atmospheres within film packages (Kader, 1988).

Packaging is an important step in terms of preserving fresh fruits and vegetables. While modified
atmosphere packages help preserve the quality of the products, they ensure the preservation of high relative
humidity and turgidity of fruits and vegetables by preventing water vapor permeability of the package. Packaging
can be enriched with substances such as fungicides or ethylene adsorbents to control fungal and bacterial diseases
(Zagory et al., 1988).

In recent years, the usage of plant-origin organic products arose from the quest to avoid chemicals or
pesticides. Along with this, the usage of plant-origin essential oils is among the research topics because of their
environment-friendly aspects. The usage of these organic essential oils in dipping, spraying and washing methods
in post-harvesting of fruit, while methods such as application in gaseous form at high pressure or impregnation
with polyethylene packaging materials have also been developed. Nevertheless, the above-mentioned methods
are more suitable for fruit such as kiwi due to their shell structure, because of the potential of essential oils to
transfer their scent to fruit and the toxic effects of using them in very high doses (Snowdon, 1990; Ziedan and
Farrag, 2008; Antunes et al., 2010).

A significant portion of post-harvest losses are caused by fungal diseases. In the world, it is known that
post-harvest losses vary between 10-50% due to fungi (Tripathi et al., 2008). Post-harvest rot disease depends on
the type of crop, harvesting and maturity stages, and storage and transportation conditions. Pathogens can be
transmitted to the product in the field and/or after harvesting, however, infection formation becomes more evident
during storage. That is why, post-harvest rot disease control should be begun in the field. Thus, physical damage
and deformations on the product should be prevented during harvest and post-harvest applications (Sivakumar et
al., 2014).

The most prominent pathogens infect the kiwi fruit during storage are: Botrytis cinerea, Alternaria
alternata, Penicillium sp. and Phoma destructiva (Arslan, 1998). But the biggest economic losses are caused by
Botrytis cinerea, and this pathogen causes serious economic losses in more than 200 crops in the world (Feliziani
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et al., 2014a). Different methods, such as cooling, are used to control the post-harvest infections. The application
of chemical pesticides is one of these methods. Nevertheless, interest in non-chemical methods has increased
because of the increase in consumer awareness, and the risks to the environment and human health. That is why,
alternative methods such as temperature applications (Bal, 2009), ozone applications (Feliziani et al., 2014b;
Barboni et al., 2010), and essential oil applications (Daferera et al., 2003; Servili et al., 2017) are used. These
methods can help in the control of post-harvest infections and also reduce the economic losses in kiwi fruit.

Essential oils can be absorbed into MAP bags to provide an antimicrobial effect during food storage.
Particularly, the usage of natural essential oils can have a positive impact on consumers. Therefore, impregnating
natural essential oils into MAP bags and using them for storage is recently seen as a new technology in Tiirkiye.
Moreover, the transfer of essential oils impregnated into polyethylene bags to the product, and the prevention of
their potential toxic effects will be investigated in future studies.

In this study, the combination of SiegaFresh®Finish and essential oil impregnated MAP applications and
the storage shelf-life properties of fruit were examined together with the change in the quality characteristics of
kiwi fruit in addition to the use of MAP in post-harvest storage. And, it will minimize the quality loss by extending
the storage period of fresh kiwi fruit. Furthermore, this study aimed to contribute to the sector by determining
successful applications in storage and marketing.

Materials and Methods

Materials

The main material of this study was the 'Hayward' variety of the kiwi fruit (Actinidia deliciousa L. cv.),
which was obtained from the Saraylim Agriculture situated in Corum Province of Tiirkiye. Kiwi fruits were
harvested during the commercial harvesting period (Fruit flesh firmness: 6.0-6.5 kg/cm? and soluble solids
comtent: 9.5-10%) and placed under pre-cooling conditions. Then, after the completion of the 24-hour pre-cooling
period, they were subjected to the applications subject to the experiment. The kiwi parcel, from which plant
material was obtained for the research, was planted in 2015 and the kiwi vines are 8 years old. The trial material,
which was determined to be in the same group in terms of color and size within the harvested fruit group, as a
result of visual classification, was created as a homogeneous group and 380 fruits were selected as trial material.

The packaging materials to be used for the preservation of the test material during the cold storage process
and the best preservation of fruit quality characteristics during the 120-day storage period are planned to be
produced by treating with different volatile oils (0.5% thyme oil, 0.5% bitter almond oil) and the disinfectant
substance used under the trade name SiegaFresh® (by impregnating the mentioned active substance into the MAP)
to be used as packaging materials during the storage process. Additionally, before the commencement of the cold
storage trial process, disinfection was carried out using a disinfectant marketed under the trade name SiegaFresh®
Start. The impregnation of volatile oils and SiegaFresh® Finish into the bags was carried out by Aypek Packaging
Ltd., and for this purpose, a high-speed mixer homogenization process was conducted for 2 hours in a water-based
solution containing volatile oils or SiegaFresh® Finish at a concentration of 0.5% to impregnate them into the
MAP. Additionally, to determine the effectiveness of these bags, a separate group was created as a control (MAP
Control) using LDPE bags to which no volatile oils or SiegaFresh® Finish were applied.

Methods

The trial, which was planned for 120 days with 3 replications, 5 fruits in each replication, was designed
according to the randomized plot design, and a total of 360 kiwi fruits were used. The packaging materials and
their properties used in the research are listed below according to their application codes. The control group fruits
were unpackaged and the MAP control group fruits were placed in MAPs without impregnation of volatile oils or
SiegaFresh® Finish, in MAP 1 and MAP 2 applications, thyme oil (Thymus vulgaris L.) and bitter almond oil
(Prunus amygdalus var. amara) were used as volatile oils, in MAP 3 application, an equal mixture of these two
volatile oils was used, and in MAP 4 application, SiegaFresh® Finish was used.

» Control: Storage without packaging material (without MAP)

* MAP Control: Storage in modified atmosphere packaging
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* MAP 1: Storage in MAPs treated with thyme oil (0.5% thyme oil)

* MAP 2: Storage in MAPs treated with bitter almond oil (0.5% bitter almond oil)

» MAP 3: Storage in MAPs treated with a mixture of bitter almond and thyme oil (0.5% bitter almond oil
+ thyme oil)

* MAP 4: Storage in MAPs treated with SiegaFresh® Finish

Within the scope of the research, the experimental material prepared as MAP applications and control
groups was stored in cold storage rooms at the Canakkale Onsekiz Mart University, Faculty of Agriculture,
Department of Horticulture. The fruits were stored for 120 days, and during storage, the room temperature was
maintained at 0+1°C, with relative humidity between 90-95%. Before the storage process, the cold storage room
was disinfected using SiegaFresh® Start.

Examined Quality Parameters

Observations, analyses and measurements were done in a laboratory situated at Canakkale Onsekiz Mart
University, Faculty of Agriculture Department of Horticulture during 0, 30, 60, 90 and 120 days of storage aimed
to determine the variation in Kiwi fruit quality at their initial stage.

Weight Loss (WL %o)

A number of 10 kiwi fruit were selected for each application while establishing the experiment, and at the
end of each storage period, weight loss was measured using a precision balance to the sensitive scale of 0.01g.
Weight loss regarding to the initial weight of the separated kiwi fruit was calculated as % at the end of the storage
period.

Soluble Solid Contents (SSC %)

Some fruit juice was taken from the fruit in each replication to measure the amount of soluble solid contents
of kiwi fruit, and analyzed using a hand refractometer and it was determined as %.

Fruit Flesh Firmness (FFF Kgf)

The skins of each fruit were peeled thinly from both sides, and a hand penetrometer was used to measure
fruit flesh firmness. Measurements were carried out using an 8mm tip, and the obtained results were expressed in
kg/cm2.

h° Values at Flesh Color

Minolta Colorimeter (CR 300) was used to determine the variations in kiwi flesh color during storage. L*
and b* values of the kiwi fruit were measured at the equatorial level with the help of this device. Additionally, a*
and b* values were taken into account while calculating the Hue angle (ho) of the fruit (McGuire, 1992).

Fungal Rot Ratios (%)

During the experiment, fruit removed from the storage for analysis purposes at the end of the storage periods
were examined, and the fungal growths (Alternaria, Botrytis, Penicillium) were detected just by observation.
During the process of determination of fungal rot disease, the fungal development rate was calculated as % by
taking into account the number of Kiwi fruit.

pH Values

The pH values of these solutions were measured according to the neutralization principle using the
electrometric measurement method.

Vitamin C Content (mg 100g™)

The amount of 2,6-Dichlorophenolindophenol was measured by using the spectrophotometric method and
Shimadzu.UV-VIS -1800.spectrophotometer proposed by Pearson (1970). The samples were added to 25 g of
fruit puree and 175 ml of 0.4% oxalic acid and then filtered them on Whatmann No: 2 filter paper for 10 minutes.
In response to the mixture of Oxalic Acid/Distilled Water: 1/10 solution and Oxalic Acid/2,6-
Dichlorophenolindophenol: 1/10 solution were read at 520 nm transmittance and the L1 value was determined.;
The L2 value for the samples was determined by measuring the Filtrate/Distilled Water: 1/10 solution and
Filtrate/2,6-Dichlorophenolindophenol: 1/10 solution at 520 nm transmittance value in response to the filtrate
solution with samples taken from each filtrate for each sample.

Statistical analyses
The experiment was carried out with three replications according to the randomized complete block design.
26



Erdurmus and Kuzucu / JSTIE / 2024, Vol. 5, Issue 1, Pages: 23-35

5 kiwi fruits were used in each replication. The SAS 9.1 computer package program was used and the analysis of
variance was performed for the statistical analysis of data, and differences between the means of the data were
compared with the LSD (P<0.05) test.

Results and Discussion

Fruit Flesh Firmness (FFF kgf)

Variations in FFF values of ‘Hayward’ kiwi variety according to different periods and storage applications
during storage is presented in Figure 1. According to the findings of this study, some decreases were observed in
FFF values during the storage period of kiwi fruit. Statistically significant differences were found in the variation
of FFF values during the storage period (p<0.05).

A rapid loss of firmness was observed in the control group fruit after the 90th day when the differences in
FFF values between storage applications were examined, while it has been determined that the losses are more
limited in terms of the MAP applications. The lowest FFF value (2.13 kgf) was determined in the fruit of the
control group. Values of 2.43 kgf in MAP Control application, 2.60 kgf in MAP 1 application, 2.90 kgf in MAP
2 application, while 3.16 kgf were observed in MAP 3 application. Furthermore, it was determined that the
application that best preserved FFF loss was MAP 4 application with a value of 3.67 kgf. These results show that
all treatments, except the control group, are effective only in preserving FFF. Additionally, in this study, it has
been determined that these decreases in FFF values as the storage period increases were lower than in control fruit
in all MAP applications, and the results were compatible with most Kiwi storage studies (Koyuncu et al., 2005;

Kaynas, 2017; Alkin et al., 2022).
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Figure 1. Effects of storage applications on fruit flesh firmness in Hayward kiwi variety (kgf).

During the ripening process, the main variations in fruit flesh firmness are associated with the breakdown
of cellular components such as cellulose and pectin. Enzymatic activities, especially enzymes such as pectin
methyl esterase and polygalacturonase, can cause the bonds in pectin networks to weaken and reduce fruit flesh
firmness. However, during the ripening process, expansion and growth in the cells may cause the fruit flesh tissue
to soften and firmness to decrease. Essential oils often have antimicrobial and antioxidant properties. These
properties may reduce microbial activity in fruit flesh and may slow down oxidation processes. This situation may
also help the fruit flesh maintain its freshness and firmness for a longer period. The reasons why essential oil
applications give better results in preserved kiwi fruit may also be supported by these explanations. The air
permeability of MAP bags may affect the moisture balance and gas exchange in the fruit flesh. Correct air

27



Erdurmus and Kuzucu / JSTIE / 2024, Vol. 5, Issue 1, Pages: 23-35

permeability levels may keep the ripening process of fruit flesh under control, and it was also determined as a
result of the experiment that it helps maintain the firmness of fruit. SiegaFresh, used in the experiment, is a
substance sensitive to ethylene positively affected the firmness of the fruit flesh in kiwi. SiegaFresh is an ethylene
absorbent substance used to control the exposure of fruit to ethylene during the ripening process. It is also known
that ethylene is a gas that plays a role in the ripening process of many fruits and vegetables. In the experiment, it
was thought that this was the most important point in the positive effect of SiegaFresh application on FFF. The
fruit flesh softens and ripens when kiwi fruits are exposed to ethylene during the ripening process. Exposure of
kiwi fruit to ethylene can be controlled by using SiegaFresh. As a result, it is understood that the firmness of the
fruit flesh can be preserved for a longer time. The protective effect of SiegaFresh against ethylene helps the fruit
flesh to remain at the desired firmness level (Shaymaa et al., 2016; Sen et al., 2022).

Weight Loss (WL-%)

Variations in weight loss during storage were determined in the ‘Hayward’ kiwi variety to which MAP
applications were applied. The findings are presented in Figure 2. According to the results of this study, it has
been determined that the MAP applications are of great importance to the kiwi fruit in terms of maintaining weight
loss as compared to the fruit of the control group (p<0.05).

Considering the weight losses detected during storage, weight loss values increased from the beginning to
the 120th day as the storage period increased in all applications (Figure 2). The percentage weight loss detected
in the Control group was recorded as 1.2% on the 30th day, 3.7% on the 60th day, 5.5% on the 90th day and 8.1%
on the 120th day. While, it was determined that the highest weight loss occurred in the control group. In the MAP
Control application, weight loss was determined as 0.8% on the 30th day, 1.2% on the 60th day, 1.6% on the 90th
day and 2.3% on the 120th day. Our findings compared the increase in weight loss in the control group with the
increases in MAP C application, showing that the increases in MAP C application were at lower levels. In the
same way, on the 120th day, a weight loss of 2.3% was observed in MAP 1 application, 2.2% in MAP 2
application, 2.1% in MAP 3 application, and 2% in MAP 4 application. Consequently, it has been observed that
weight loss percentages between 2.3% and 2% observed for 120 days of storage period in MAP applications of
‘Hayward’ kiwi variety resulted well. Particularly, the lowest weight loss increases on the 90th day was
determined in kiwi fruit to which MAP 4 was applied.

Lower weight loss in the fruit and delayed ripening after the shelf-life period were detected in the kiwi
storage study conducted by Korkmaz, (2020).
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Figure 2. Effects of storage applications on total weight loss in fruit of Hayward kiwi variety (%)
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Essential oils may have antioxidant properties and slow down oxidation processes in fruit. This may reduce
weight loss by keeping fruit fresher longer. Essential oils may reduce the evaporation of fruit juice and thus, it
may reduce weight loss by preserving the moisture of the fruit. Some essential oils can regulate the metabolism
of fruit cells. In this way, it can keep cells alive longer. This can reduce the fruit weight loss. MAP bags can extend
the shelf life of fruit by controlling components such as oxygen, carbon dioxide and humidity of the atmosphere
in which the fruit are located, and it can maintain its quality and may affect fruit weight. Because MAP bags
regulate the metabolic activities of fruit by controlling the respiration rate and gas exchange of fruit, ensuring that
the fruit stay fresh for longer and reduce fruit weight loss.

SiegaFresh applications slow down the ripening process of fruit by controlling the atmosphere in which the
kiwi fruit are located and optimizing the oxygen and carbon dioxide levels, and it keeps metabolic activities under
control by regulating the respiratory rate in Kiwi fruit. In this way, it has been determined that the weight loss of
kiwi fruit was reduced (Thanassoulopoulos and Yanna, 1995; Serrano et al., 2005; Nikos et al., 2011).

Soluble Solid Content (SSC %)

One of the most important parameters of harvest maturity, progression of maturity in storage and shelf life
of the fruit are the SSC in fruit varieties that exhibit a climacteric structure such as kiwi. Variation of SSC amounts
in ‘Hayward’ kiwi variety in terms of stages and storage applications throughout the storage period are presented
in Figure 3. Findings show that the SSC generally increase as the storage duration increases in Kiwi varieties. The
effect of storage periods and post-harvest applications on the amount of SSC in kiwi fruit was found to be
statistically significant (p<0.05).

Generally, an increase in the SSC was observed in the ‘Hayward’ kiwi variety during fruit storage period.
The SSC in the fruit of control group, which was 9.50% at the beginning, but increased to 17.20% in the 120th
day of the storage. According to our findings, the values were 16.26%, 16.53%, 15.93%, 14.53%, and 14.00% in
MAP Control, MAP 1, MAP 2, MAP 3, and MAP 4 applications, respectively, when the effect of different post-
harvest applications was examined on the SSC. It was observed that all MAP applications showed lower SSC
values as compared to the control group, and had similar values among themselves.

It is a normal process that as ripening progresses, then the starch in fruit structure breaks down and turns
into simple sugars, and such situation leads to an increase in the amount of SSC. In this study, it was noted that
the MAP applications suppressed the ripening of fruit. That is why, less change was observed in SSC (Kaynas,

2017; Shaymaa et al, 2016).
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Figure 3. Effects of storage applications on the amounts of SSC in Hayward Kiwi variety (%)
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The rate of respiration of kiwi may change during storage. High respiration rate can cause loss of SSC of
the fruit. Metabolic processes can also affect the amount of SSC. Intake and loss of water in kiwi during storage
is an important factor. As water intake decreases, the amount of SSC may increase. Enzymatic activities in Kiwi
may vary during storage. These activities can affect the amount of SSC. The cellular structure of kiwi may vary
during storage. These changes may affect the amount of SSC. Storage conditions such as humidity, temperature,
and gas concentration can also affect the amount of SSC. It is important to provide storage conditions such as
humidity, temperature, and gas concentration throughout the storage period in order to preserve best the SSC
content of kiwi during storage. SiegaFresh" can often help reduce water loss and/or increase the water retention
capacity of kiwi fruit. This can help maintain the amount of SSC. (Shaymaa et.al., 2016).

h° Value at Flesh Color

The Hue angle (ho) values of the flesh color determined during the storage period in the ‘Hayward’ kiwi
variety, stored in the cold under MAP conditions after applying different post-harvest applications, are given in
Figure 4. According to the results, shown in Figure 4., it has been observed that the values of Hue angle (ho) of
kiwi fruit decreased from the beginning during its 120-day storage period.

It has been determined that the effects of different storage periods on ho values of the ‘Hayward’ kiwi
variety were found statistically significant (p<0.05). In the fruit, stored in the control group, ho value which was
113.730 at the beginning of the storage period, decreased to 99.500 at the end of the 120 days. Because, a
continuous decrease in ho values was observed throughout the duration of 120-day storage period.

It was observed that the highest ho values were recorded in MAP 4 and MAP 3 applications as 103.160 and
102.500, respectively when the effects of different post-harvest applications on ho values in “Hayward” kiwi
variety are examined. These applications were followed by MAP 2 with a value of 100.960, MAP 1 with a value
of 100.100, and MAP Control (C) with a value of 99.960. These applications belong to the same statistical class.
The effects of different post-harvest applications on ho values of the ‘Hayward’ kiwi variety were found to be
statistically significant (Figure 4.).

According to the results of this study, it was concluded that the MAP applications on ‘Hayward’ kiwi
variety preserved the flesh color (ho value) better than that of the control group. In a study examining the quality
characteristics of ‘Sungold’ kiwi fruit variety after storage, it was observed that the flesh color (ho value)

decreased with increasing storage time (Sakaldas ve Giindogdu, 2020).
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Figure 4. Effects of storage applications on ho value of fruit in Hayward kiwi variety (%)
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Variations in the flesh color of kiwi fruit during storage are generally related to the ripening process and
storage conditions. The flesh color of kiwi fruit can generally change from green to yellow, then orange and finally
orange-brown tones during the ripening process. These color variations are usually associated with the maturation
of carotenoid pigments naturally found within the fruit additionally oxidation may also be effective in variations
in the color of the kiwi fruit flesh.

pH Values

The pH values, determined in cold-stored ‘Hayward’ kiwi varieties during the storage period are presented
in Figure 5. During the examination of the variations in pH levels of fruit of the ‘Hayward’ kiwi variety stored
under different MAP conditions, it was determined that a regular increase was observed throughout the storage
period. These variations were found to be statistically significant (p<0.05). The pH value of fruit in the control
group, which was 3.41 at the beginning of the storage period, but it increased to 4.62 at the end of the storage
period (Figure 5).

It was seen that the highest pH value has been recorded as 3.75 in the MAP 4 application when the effect
of different post-harvest applications on pH values was examined. According to the other applications, it was
determined that the MAP 3 application was noted as 3.79, MAP 2 application was recorded as 4.10, MAP 1
application was observed as 4.33, and MAP Control (C) application was reported as 4.20. Moreover, it has been
determined that these applications belong to different statistical classes (Figure 5.).

According to the results of a previous study, it has been observed that in many fruit the amount of acid
decreases towards maturity, while the amount of pH increases (Galeta and Himelrick, 1990).
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Figure 5. Effects of different storage applications on pH values in Hayward kiwi variety

The pH values of kiwi during storage may vary depending on various factors. Oxidative reactions may
occur as a result of kiwi when come in contact with oxygen during storage. As a result of these reactions, acidity
may increase while pH value decrease.

Acidity may increase and pH value decrease as a result of the fermentation of naturally occurring sugars
during the storage period of kiwi fruit.

The level of acidity may increase or decrease as a result of the activity of microorganisms during the storage
of kiwi, this situation may also affect the pH values. Temperature, humidity and light like abiotic factors, at which
the Kiwi is stored, may also affect the pH values. Particularly, high levels of temperature and humidity may help
to increase the activity of microorganisms and may also vary the pH values (Sen et al., 2022).
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Vitamin C Content (mg 100 g-1)
The amounts of vitamin C detected during the storage period in “Hayward” kiwi variety with different post-

harvest applications are shown in Figure 6.

Some continuous decreases were observed throughout the storage period when the variations in the amounts
of vitamin C in fruit stored under different MAP conditions after harvest in the fruit of ‘Hayward’ kiwi variety
were examined. These decreases were found to be statistically significant (p<0.05). Kiwi fruit, in the control
group, started with a Vitamin C content of 154.63 mg.100g™ at the beginning of storage, however, this amount
was decreased to 81.26 mg.100g™* at the end of the storage period.

When the effects of different applications on the amounts of vitamin C were examined, the highest value
was determined in MAP 4 application with 100.36 mg 100g™ followed by MAP 3 and MAP 2 applications with
Vitamin C content as 90.23 mg 100g™* and 88.70 mg 100g?, respectively, and the above-mentioned MAP
applications belonged to the same statistical class. In case of other applications, it was observed that the MAP 1
application was recorded as 87.66 mg 100 g%, while MAP Control (C) application was noted as 83.33 mg 100 g-
1 and it has also been observed that the MAP applications belong to the same statistical class (Figure 6).

The decrease in the amount of vitamin C could be considered as an indicator of the use of ascorbic acid in
metabolism during the progressive ripening process of the fruit (Kok, 2006). Similarly, it is stated in another study
that the amount of vitamin C in Kiwi fruit decreases during the ripening period (Namdar, 2005).
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Figure 6. Effects of different storage applications on vitamin C content in Hayward kiwi variety

Fungal Rot Ratios (%6)
Fungal rot, which occurs in fruit warehouses during storage, is one of the crucial problems that could cause

commercial losses and shortening of the shelf life of fruit. Therefore, it is important to minimize fruit losses by
controlling the fungal rot during storage applications.

In a study, conducted on ‘Hayward’ kiwi variety, the fruit loss rates resulting from fungal rot diseases
determined through observation during 120 days of storage are presented in Figure 9. In the control group, fruit
showing fungal rot disease, were observed in each storage period. Fruit decaying rates increased particularly, after
the 60th day, while the decaying rates showed the highest value on the 90th day.

It has been observed that the less decaying was found in the MAP Control (C) application as compared to
the control group. In the MAP 4 application, no rotten kiwi fruit was found in the first 60 days of storage, however,
0.5% decaying was observed on the 90th day and 1% on the 120th day. In case of the MAP 3 application, no fruit
decaying was observed during the first 30 days, but the fruit decaying rates of 1% on the 60th day, 1.5% on the
90th day while 1% on the 120th day were observed. Lower fruit decaying rates were determined in MAP Control

(C), MAP 1 and MAP 2 applications as compared to the control group.
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According to the results of this study, it was concluded that SiegaFresh Finish and essential oil-containing
MAP applications to “Hayward” kiwi varieties were effective in reducing fruit losses caused by the fungal rot
disease that occurred during the fruit storage (Shaymaa et al., 2016; Thanassopoulos and Laidou,1997; Gutiérrez-
Pozo et al., 2023; Combrinck et al. 2011).

Fungal Rot Rates (%)
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Figure 7. Rates of fungal rot disease in “Hayward” kiwi varieties after storage periods

Conclusion

According to the results of this study, quality losses occurred as the storage period increased in all
applications, however, it has been observed that these quality losses are better preserved with the MAP
applications. Furthermore, it was determined that the MAP applications, applied in ‘Hayward’ kiwi variety, had
a significant effect especially on weight loss and FFF parameters. Significant differences were observed between
MAP applications containing essential oil and MAP C applications aimed to examine their effects. For this reason,
it has been observed that all MAP applications provided positive results in terms of quality criteria. Minimizing
fruit loss is one of the primary objectives in storage. The important obtained results are that the SiegaFresh Finish
application causes almost no fruit loss, and that applications containing essential oils, minimize the fruit loss.
Among the essential oils, the mixture of bitter almond-+thyme oils provided satisfactory results. Afterwards, the
order could be made as bitter almond oil, and finally, the thyme oil.

In conclusion, the ‘Hayward’ kiwi variety could be stored successfully for up to 120 days with MAP
applications. Additionally, SiegaFresh Finish application reduces the post-harvest losses, and it is also concluded
that this application can be used effectively to maintain the quality of kiwi fruit. On the other hand, the transfer
of the intense aromatic scents of bitter almond and common thyme oils to the kiwi fruit has changed the natural
flavor profile of the fruit. Moreover, it was also concluded that these essential oils affect the quality of commercial
products by creating a combination of undesirable taste and odor.
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meet the needs of businesses engaged in activities such as food production, processing, packaging,
storage, and distribution. The economic impacts of food specialized organized industrial zones are
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opportunities and facilitating job placement for the local population. Furthermore, they encourage
technological advancements, support R&D activities, and enhance productivity within the sector. By
focusing on export-oriented production, these zones boost foreign trade volumes and add value to the
national economy. This study aims to analyze and evaluate the potential future economic effects of
the Ezine food specialized organized industrial zone in Canakkale region. This review paper
examines the current status and development plans of the industrial zone, identifies the key economic
sectors that will be impacted, and explores the potential benefits and challenges that may arise as a
result. The findings contribute to a comprehensive understanding of the future economic landscape
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Etkileri

Oz: Gida ihtisas organize sanayi bolgesi, 6zellikle gida sektoriinde faaliyet gosteren isletmelere
yonelik olarak tasarlanmig ve donatilmig sanayi bolgelerindendir. Bu bdlgeler, Tiirkiye'de gida
iretimi, igleme, paketleme, depolama ve dagitim gibi faaliyetlerle ugrasan isletmelerin ihtiyaglarini
karsilamak amaciyla kurulmustur. Gida Thtisas Organize Sanayi Bolgelerinin ekonomiye etkileri
genis ¢apta degerlendirilmektedir. Bu bolgeler, yerel halkin istihdam olanaklarini artirarak ekonomik
kalkinmaya katki saglamaktadir. Ayrica, teknolojik ilerlemeleri tegvik etmekte, Ar-Ge faaliyetlerini
desteklemekte ve sektdr iginde verimliligi artirmaktadir. Thracata odaklanarak iiretim yapan bu
bolgeler, dis ticaret hacmini artirmakta ve ulusal ekonomiye katma deger saglamaktadir. Bu ¢alisma,
Ezine Gida Thtisas Organize Sanayi Bolgesi'nin Canakkale bolgesi izerindeki potansiyel gelecekteki
ekonomik etkilerini analiz etmeyi ve degerlendirmeyi amaglamaktadir. Arastirma, sanayi bolgesinin
mevcut durumunu ve gelisim planlarini inceleyerek, etkilenecek ana ekonomik sektorleri belirlemeyi
ve ortaya cikabilecek potansiyel faydalarin ve zorluklarin kesfedilmesini amaglamaktadir. Bu
aragtirma bulgulari, bolgenin gelecekteki ekonomik manzarasi hakkinda kapsamli bir anlayis
saglamakta ve politika yapicilar, yatirimcilar ve yerel topluluklar igin 6nemli i¢gériiler sunmaktadir.
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Introduction

The establishment of Organized Industrial Zones (OIZs) in Turkey commenced in the 1960s. During this
period, the industrial sector was regarded as the "locomotive" sector, and long-term goals were set, including the
establishment of economic balance, the pursuit of social and economic development in unison, the achievement
of a certain growth rate, and the prioritization of industrialization. In accordance with these objectives, the
establishment of the OIZ in Bursa in 1962 marked the inception of OIZ practices, which constituted one of the
numerous incentive measures implemented with the intention of fostering industrial growth within the country.
During this period, the Bursa OlZ was realized with the assistance of a loan received from the World Bank.
(OSBUK, 2007). The organized industrial zone application in Turkey is relatively novel in comparison to its
counterparts elsewhere. According to the Organized Industrial Zones Supreme Council (OSBUK), as of 2022,
there were 375 organized industrial zones in operation in Turkey, with varying degrees of development and under
the supervision of different ministries (OSBUK, 2022). Subsequently, a fund was established within the Ministry
of Industry and Trade, with resources transferred from the state budget to the fund. These OlZs were then loaned
from the fund and construction commenced. The establishment of OlZs was carried out in accordance with the
targets set out in the 5-year development plans at the time. Following the decision of the Council of Ministers to
establish an OIZ, 99% of the infrastructure investments of Ol1Zs were financed by the aforementioned fund. The
remaining 1% was covered by the chambers of commerce and industry/chambers of industry or chambers of
commerce and local governments that established the OIZ (Cetin, 2015).

The establishment of organized industrial zones represents a significant step in the implementation of both
regular environmental policies and robust industrialization strategies. Organized industrial zones facilitate the
establishment of collective motivation and mutual trust between companies. OSBs not only enhance the quality
of production, but also improve the efficiency of the materials used. The concentration of businesses in specific
regions has the potential to contribute to increased production and the creation of synergies (Saikku, 2006).
Concurrently, it offers the possibility of maintaining a state of constant readiness to address potential threats to
the security of these regions, such as fire or natural disaster. Furthermore, OlZs contribute to the positive
development of the regional economic structures. Furthermore, they contribute to the development of the social
structure. OlIZs present an opportunity to enhance employment prospects and facilitate regular vocational training
(Saif, 2006).

Ezine Food Specialized Organized Industrial Zone is located 2 km from Ezine on the Canakkale - Izmir
highway, within the boundaries of Cinarkdy and Balikli Villages, covering an area of 1.360,000 m2. It was
established in 2016 under the leadership of Canakkale Governorship, with the participation of Canakkale
Provincial Administration, Ezine Municipality, and Canakkale Chamber of Commerce and Industry, under the
registration number 326 of the Ministry of Science, Industry, and Technology (Bulut, 2013). The Industrial Zone
comprises 91 industrial parcels of various sizes. The map of the Ezine Food Specialized Organized Industrial
Zone is presented in Figure 1. Situated strategically close to domestic and international markets, ports, and
airports, Ezine Food Specialized OSB is 316 km from Istanbul and Izmir, 45 km from Canakkale Airport, and 50
km from Canakkale Port, enabling product shipments to global markets (Giirdal, 1997; Anonymous, 2022).

This study elucidates the role of industrial zones in directing economic development, attracting investments
and creating employment opportunities. Furthermore, the rationale behind investigating the future economic
impacts of the industrial zone and its potential implications for the Canakkale region is discussed. The objective
is to analyse and evaluate the potential future economic impacts of Ezine Food Specialized Organized Industry in
Canakkale region. The study aims to examine the current status of the industrial area and its development plans,
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identify the key economic sectors that will be affected, and investigate the potential benefits and challenges that
may arise.
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Figure 1. Location of Ezine food specialized organized industrial zone on the map.

Overview of Ezine Food Specialized Organized Industrial Zone

The Ezine Food Specialized Organized Industrial Zone was established as a designated industrial zone in
the Canakkale region. Its establishment was driven by the goal of promoting the growth and development of the
food industry in the area. The industrial zone aims to attract food-related businesses and provide them with a
favorable environment for operations, including specialized infrastructure, support services, and a collaborative
business ecosystem (Giirtiirk and Pazarcik, 2022).

Development Plans and Infrastructure: The industrial zone has undergone significant development in
recent years. It has witnessed investments in infrastructure, including roads, utilities, and industrial facilities. The
development plans prioritize the creation of a modern and efficient industrial environment, fostering innovation,
productivity, and competitiveness. The infrastructure improvements aim to attract both domestic and international
investors, encouraging them to establish or expand their operations within the industrial zone (Vidova, 2010).

Industries and Sectors in the Industrial Zone: Ezine Food Specialized Organized Industrial is focused
on the food industry and encompasses a wide range of sectors within this domain. It provides opportunities for
food processing, packaging, storage, distribution, and other related activities. The industrial zone aims to
accommodate various sub-sectors, including dairy products, meat processing, confectionery, fruit and vegetable
processing, and more. By promoting diversification and specialization within the food industry, the industrial
zone aims to create a robust and sustainable economic ecosystem. Understanding the establishment, purpose,
development plans, and industries within the Ezine Food Specialized Organized Industrial provides a
comprehensive overview of the industrial zone. This information forms the basis for analyzing the potential
economic effects and opportunities that the industrial zone can bring to the Canakkale region (Kelkit, 2011).

Current Economic Landscape of Canakkale Region

Key Economic Sectors: The Canakkale region is characterized by a diverse economic landscape
encompassing various sectors. The region's economy is driven by several key sectors, including tourism,
agriculture, manufacturing, and services. Tourism plays a significant role in the region, attracting both domestic
and international visitors to its historical and natural attractions, such as the ancient city of Troy and the Gallipoli
Peninsula. Agriculture is another vital sector, with the region known for its olive oil production, vineyards, and
other agricultural products. Manufacturing activities range from food processing and textile production to
automotive and chemical industries. The services sector, including trade, transportation, and hospitality, also
contributes to the region's economic growth (Mercan and Uzulmez, 2014).

Employment and Labor Market: Employment opportunities in Canakkale region are closely tied to the
key economic sectors. The tourism sector is a significant source of employment, particularly during the peak
tourist seasons. The agricultural sector provides jobs for a significant portion of the population, especially in rural
areas. Manufacturing activities also contribute to employment generation, while the services sector offers job
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opportunities in various fields, such as retail, transportation, and hospitality. The labor market in the region is
influenced by factors such as seasonal fluctuations, skill requirements, and workforce demographics (Geng et al.,
2014).

Infrastructure and Transportation Infrastructure: Development plays a crucial role in supporting
economic activities in the Canakkale region. The region benefits from well-developed transportation networks,
including highways, railways, and ports. The Canakkale Bridge will further enhance connectivity between the
Asian and European sides of Turkey, offering new opportunities for trade and investment. The presence of
industrial zones and organized industrial areas, including the Ezine Food Specialized Organized Industrial,
provides the necessary infrastructure to support manufacturing and industrial activities (Tar1, 2022).

Understanding the current economic landscape of the Canakkale region, including its key sectors,
employment opportunities, and infrastructure, provides a baseline for assessing the potential economic effects of
the Ezine Food Specialized Organized Industrial Zone. This analysis helps identify the areas where the industrial
zone can have a significant impact and how it can contribute to the region's overall economic growth and
development (llgar, 2011).

Potential Economic Effects of Ezine Food Specialized Organized Industrial Zone

The establishment and growth of the Ezine Food Specialized Organized Industrial Zone have the potential
to generate significant employment opportunities in the Canakkale region. The industrial zone can attract food-
related businesses, leading to the creation of direct and indirect jobs in various sectors, including manufacturing,
logistics, maintenance, and support services. The influx of new businesses and investments can provide
employment options for both skilled and unskilled labor, contributing to the reduction of unemployment rates and
improving the livelihoods of local communities (Anonymous, 2019).

The presence of the Ezine Food Specialized Organized Industrial can stimulate business and investment
opportunities in the Canakkale region. The industrial zone can attract domestic and international investors
interested in the food industry, creating a favorable environment for entrepreneurial activities and fostering
innovation. The establishment of new businesses within the industrial zone can lead to synergistic effects,
encouraging the growth of local supply chains, creating business networks, and promoting collaboration among
industry players. These opportunities can contribute to the economic diversification and resilience of the region.

The Ezine Food Specialized Organized Industrial can facilitate the development of local supply chains in
the Canakkale region. The presence of food-related businesses within the industrial zone can create demand for
raw materials, agricultural products, and services from local suppliers. This can lead to the integration of local
farmers, producers, and suppliers into the industrial value chain, providing them with stable markets and
enhancing their economic viability. The development of a robust local supply chain can contribute to the growth
and sustainability of both the industrial zone and the broader regional economy.

The industrial zone's focus on the food industry can contribute to the economic diversification of the
Canakkale region. Traditionally, the region has relied on sectors such as tourism and agriculture. The
establishment of the Ezine Food Specialized Organized Industrial Zone introduces a new economic sector,
creating opportunities for expansion and development beyond the region's traditional strengths. Economic
diversification can enhance the resilience of the regional economy, reducing its vulnerability to external shocks
and creating a more balanced and sustainable economic base.

The establishment of the Ezine Food Specialized Organized Industrial Zone can drive infrastructure and
service upgrades in the Canakkale region. The industrial zone's development plans may involve improvements to
transportation networks, utilities, and other infrastructure elements. These upgrades can benefit not only the
businesses within the industrial zone but also the broader community. Enhanced infrastructure and services can
attract further investments, improve the overall business environment, and contribute to the region's economic
competitiveness.

The potential economic effects of the Ezine Food Specialized Organized Industrial Zone in terms of
employment generation, business and investment opportunities, local supply chain development, economic
diversification, and infrastructure upgrades have the potential to positively impact the Canakkale region.
However, it is important to consider and address any challenges and risks that may arise from the industrial zone's
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establishment to ensure sustainable and inclusive economic growth.

Challenges and Risks

The establishment and operation of the Ezine Food Specialized Organized Industrial Zone may pose
environmental challenges and risks. Increased industrial activities can lead to pollution, waste generation, and
potential harm to natural resources, including water and air quality. It is essential to implement robust
environmental management practices, such as proper waste management, emissions control, and sustainable
resource use, to minimize the negative environmental impact and ensure the long-term sustainability of the region.

While the industrial zone can bring economic benefits, there is a risk of exacerbating socioeconomic
disparities within the Canakkale region. The concentration of economic activities in specific areas, such as the
industrial zone, may lead to unequal distribution of wealth and resources. It is crucial to implement inclusive
policies and programs that promote equitable access to employment, training, and business opportunities for all
segments of society. This can help mitigate potential social inequalities and foster inclusive economic growth
(Karadeniz and Yilmaz, 2021).

The successful operation of the Ezine Food Specialized Organized Industrial Zone relies on a skilled and
qualified workforce. However, there may be challenges in aligning the skills and training of the local workforce
with the needs of the industrial zone. Skill gaps and mismatches can hinder employment opportunities and limit
the potential economic benefits. It is crucial to invest in vocational training programs, education, and skills
development initiatives that cater to the specific needs of the food industry. This can enhance the employability
of local residents and support sustainable economic growth.

The establishment of the industrial zone may require significant land use and urban planning considerations.
The expansion of industrial activities must be carefully managed to minimize conflicts with other land uses, such
as agriculture, residential areas, and natural habitats. Effective urban planning and land use policies can ensure
the compatibility of different sectors, optimize land utilization, and mitigate potential land-related challenges.
Balancing industrial development with environmental conservation and urban quality of life is essential for the
long-term prosperity of the region (Ceyhan and Tulu, 2020).

The province of Canakkale is subject to strong winds throughout the majority of the year. It is therefore
imperative to consider the prevailing wind directions when selecting locations for industrial facilities planned for
development throughout the province. The location of the Organized Industrial Zone (OI1Z), which is currently
under construction in the city centre, affords a view of the city centre and is aligned with the prevailing wind
direction. Consequently, it is imperative that immediate action be taken to mitigate potential issues such as air and
visual pollution that may arise from the Organized Industrial Zone in the future. In order to achieve this, it is
necessary to install the requisite treatment systems in the facilities that are to be established, and to create a buffer
zone by means of intensive planting works in the wide and rugged area between the OlZ and the city centre
(Kelkit, 2003).

Addressing the challenges and risks associated with the establishment of the Ezine Food Specialized
Organized Industrial Zone is crucial for sustainable economic development in the Canakkale region. By
implementing appropriate environmental management practices, promoting socioeconomic inclusivity, investing
in workforce skills and training, and adopting effective land use and urban planning strategies, the potential
negative impacts can be minimized, and the benefits can be maximized. This requires proactive collaboration
among policymakers, industry stakeholders, and local communities to ensure a balanced and responsible approach
to the industrial zone's operation. Furthermore, it is recommended that owners of industrial facilities be informed
about environmental issues through a variety of educational forums, including seminars, panels, and symposia. It
is also important to foster a greater environmental awareness among these individuals (Esenlikci, 2023).

Policy Implications and Recommendations

Policy initiatives should be implemented to support the participation of Small and Medium Enterprises
(SMEs) in the Ezine Food Specialized Organized Industrial Zone. This can be achieved through providing
financial incentives, access to credit, and technical assistance to SMEs interested in establishing their businesses
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within the industrial zone. Supporting SMEs can foster entrepreneurship, promote local economic development,
and contribute to job creation. Additionally, encouraging collaboration between larger companies and SMEs can
facilitate knowledge transfer, technology adoption, and innovation within the food industry (Giil et al., 2010).

To maximize the benefits of the industrial zone, policymakers should focus on enhancing skills and
education in the Canakkale region. This can be achieved through partnerships between educational institutions
and industry stakeholders to develop industry-relevant training programs and curriculum. Skill development
initiatives should prioritize the specific needs of the food industry, including technical skills, innovation, quality
control, and entrepreneurship. By equipping the local workforce with the necessary skills, the industrial zone can
attract investments, enhance productivity, and create sustainable employment opportunities (Mercan and Yildiz,
2014).

Policies and regulations should prioritize sustainable and inclusive development in the Ezine Food
Specialized Organized Industrial Zone and the surrounding region. This includes implementing strict
environmental standards, promoting resource efficiency, and encouraging the adoption of sustainable practices by
businesses operating within the industrial zone. Inclusivity should be ensured by fostering equal access to
employment, training, and business opportunities for all segments of society, including women, youth, and
disadvantaged groups. Policies should also encourage social responsibility and corporate citizenship among
industrial zone occupants, promoting community engagement and social impact initiatives (Caglar, 2006).

To harness the full potential of the industrial zone, policymakers should promote collaboration and
partnerships among various stakeholders. This includes fostering collaboration between the public and private
sectors, industry associations, research institutions, and local communities. Collaborative initiatives can facilitate
knowledge sharing, technology transfer, and innovation. Public-private partnerships can be formed to develop
infrastructure, provide supportive services, and implement sustainable development projects. Such collaborations
can enhance the competitiveness and attractiveness of the industrial zone, driving economic growth and benefiting
the wider region (Caglar and Kurtsal, 2011).

Monitoring and evaluation of the industrial zone's economic effects, social impacts, and environmental
performance are essential. Policymakers should establish mechanisms to collect and analyze data on key
indicators, such as employment rates, investment flows, environmental indicators, and social well-being. This
information can guide evidence-based decision-making, identify areas for improvement, and ensure that policies
and interventions are effectively addressing the goals and challenges associated with the industrial zone. Regular
evaluations can help policymakers adapt policies, adjust strategies, and ensure the long-term sustainability of the
industrial zone and its economic benefits (Karadeniz and Yilmaz, 2021).

By implementing these policy implications and recommendations, policymakers can promote sustainable
economic development, foster inclusive growth, and mitigate potential challenges associated with the Ezine Food
Specialized Organized Industrial. These measures can maximize the positive impacts of the industrial zone on the
Canakkale region, create a favorable business environment, and contribute to the long-term prosperity of the local
economy and communities.

Conclusion

Given that macroeconomic stability, which represents the most significant challenge for Turkey, has been
achieved for an extended period, it is evident that this situation will have a positive impact on the development of
OlZs. In addition to energy costs, the high employment taxes and the overall tax burden in Turkey continue to
contribute to the elevated level of production costs, which in turn impairs the competitiveness of companies. These
developments demonstrate that the state continues to play a pivotal role in the development of OlZs. The
combination of effective OIZ management with the strengthening of cooperation-oriented relations between
companies and the measures taken by the state will result in the formation of a strong synergy, enabling OlZs to
grow in a healthier and more effective manner.

The Ezine Food Specialized Organized Industrial Zone holds significant potential for the economic
development of the Canakkale region. The establishment of this specialized industrial zone focused on the food
industry can bring about various economic effects and opportunities. It can generate employment, attract
investments, stimulate business growth, and contribute to the diversification of the region's economy. The
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industrial zone has the potential to foster the development of local supply chains, enhance infrastructure, and
create a collaborative business ecosystem.

However, it is crucial to address the challenges and risks associated with the establishment of the industrial
zone. Environmental impacts need to be carefully managed, and sustainable practices must be adopted to minimize
pollution and preserve natural resources. Socioeconomic disparities should be addressed through inclusive
policies that ensure equitable access to employment, training, and business opportunities for all segments of
society. Skill development and education initiatives should be prioritized to align the local workforce with the
needs of the food industry. Land use and urban planning should be carefully managed to optimize space and
mitigate potential conflicts with other sectors.

To maximize the benefits of the industrial zone, policymakers should support SMEs, enhance skills and
education, promote sustainable and inclusive development, foster collaboration and partnerships, and establish
monitoring and evaluation mechanisms. These policy implications and recommendations can create an enabling
environment for the industrial zone to thrive and contribute to the long-term economic growth and development
of the Canakkale region.

In conclusion, the Ezine Food Specialized Organized Industrial Zone presents a promising opportunity for
economic advancement in the Canakkale region. With the right policies, strategies, and collaborative efforts, the
industrial zone can stimulate employment, attract investments, foster innovation, and contribute to the sustainable
development of the local economy. By addressing challenges, promoting inclusive growth, and embracing
sustainable practices, the industrial zone can serve as a catalyst for positive change, benefiting both the industrial
sector and the broader community.
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Oz: Arastirmada Kivi (Actinidia chinensis var deliciosa a.chev.) tiiriine ait ‘Hayward’
cesidinde hasat islemini takiben yapilan farkli dozlardaki 1-MCP uygulamalarinin ve
muhafaza i¢in kullanilan ¢esitli ambalaj tiplerinin depolama siirecinde meyve kalite 6zellikleri
lizerine olan performanslarinin belirlenmesi amaglanmistir. Hasat isleminden sonra bir grup
meyve 312.5 ppb, 625 ppb ve 1250 ppb olmak iizere 3 farkli 1- MCP dozu uygulanarak agikta,
diger bir grup meyve ise ambalaj materyali uygulanarak LDPE ve PVC torbalarda 1°C ve
%095 oransal nem kosullarinda 2, 4, 6 ay siireler ile muhafaza edilmistir. Depolama periyotlari
sonunda meyvelerde; agirlik kaybi, duyusal degerlendirme, meyve eti sertligi, meyve eti
rengi, suda ¢oziiniir kuru madde miktari, titre edilebilir toplam asitlik, toplam ve indirgen
seker miktar1 ve fenolik bilesiklerin degisimi belirlenmistir. PVC ve LDPE ambalaj
uygulamalar1 incelenen kalite parametreleri acisindan basarili sonuglar verirken 1-MCP
uygulamalar1 arasinda 625 ppb ve 1250 ppb dozlarinin diger konsantrasyonlara gore daha
etkili oldugu belirlenmistir.

Anahtar Kelimeler: Kivi, 1-MCP, PVC, LDPE, ambalaj, depolama.

Effects of Post-Harvest 1-MCP Application and Different Packaging Materials on
Fruit Quality in Kiwis (Actinidia chinensis var deliciosa a.chev.) During Storage

Abstract: The aim of this study was to determine the performance of 1-MCP applications at
different doses following the harvest process and the performance of various packaging types
used for preservation on fruit quality characteristics in the ‘Hayward’ variety of kiwi
(Actinidia chinensis var deliciosa a.chev.) during the storage process. After the harvesting
process, one group of fruits were left in the open by applying 3 different 1-MCP doses of
312.5 ppb, 625 ppb and 1250 ppb, and the other group of fruits were stored in LDPE and PVC
bags by applying packaging material for 2, 4, 6 months at 1°C and 95% relative humidity
conditions. It was preserved for 6 periods. At the end of the storage periods, fruits; Weight
loss, sensory evaluation, fruit flesh hardness, fruit flesh color, water-soluble dry matter
comtent, titratable total acid content, total and reducing sugar amount and change of phenolic
compounds were determined. While PVC and LDPE packaging applications gave successful
results in terms of the quality parameters examined, it was determined that 625ppb and 1250
ppb doses were more effective than other concentrations among 1-MCP applications.

Keywords: Kiwi, 1-MCP, PVC, LDPE, packaging, storage.
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Giris

Diinyada bilinen 138 meyve tiiriinden 75 tiirlin Tirkiye’de yetisiyor olmasi ilkemiz tarimsal potansiyelinin
onemli gostergelerinden biridir. Gen merkezi, Cin’in Yangtze vadisi olan kivi de {lilkemiz ekolojik sartlarina
adapte olmus meyve tiirlerinden biridir. Yurdumuzun Ege, Marmara ve Karadeniz kiyilarinda adaptasyon
caligmalart 1988 yilinda baslatilmis ve 6zellikle Dogu Karadeniz Bolgesinin kivi igin uygun ekolojide oldugu ve
meyve dzellikleri ve kalitesi agisindan bu bélgede meyvenin iyi neticeler verdigi tespit edilmistir (Ozcan ve ark.,
1995; Karadeniz, 1999). Tirkiye’de en yaygin olarak Karadeniz bolgesinde iiretilen kivi, 3 -4 dekar
biiytikliigiindeki arazilerde yetistirilmektedir. Tirkiye’de 2022 yilinda en fazla kivi tiretimi 27.094 ton ile
Yalova’da yapilmistir. Bu ili Bursa, Samsun, Ordu ve Mersin izlemistir (Anonim, 2022).

Diinyada genelinde 2021 yilinda yaklasik 4,4 milyon tonluk kivi iiretimi gerceklestirilmistir. Uretimin
cogunlugu taze tiikketim i¢in, ¢ok az bir miktar1 ise konserve, marmelat, pestil, nektar1, kurutulmus, dondurulmus,
alkollii icecek, meyve suyu ve 6zii seklinde gerceklesmektedir (FAO, 2022). Icerdigi 6nemli mineral maddeler,
bilhassa K, Mg, C vitamini, E vitamini, diisiik yag icerigi, lif i¢erigi ve bircok kronik hastalik iizerine etkili olan
fitokimyasallar bakimindan zenginligi, kivinin gida degerini yiikseltmektedir. Kivinin 100 gramindaki C vitamini
miktar1 yaklasik olarak 105 mg’dir (Ozdemir, 2003).

Kiviler yliksek muhafaza potansiyeline sahip meyvelerdir. Diger yandan bu potansiyel ¢esit, yetistirme
sirasinda maruz kalinan iklim sartlar1 ve kiiltiirel uygulamalar ile depolama kosullarina goére degisim
gosterebilmektedir. Kivi meyveleri diisiik sicakliklarda 4-8 haftaya kadar muhafaza edilebilirlerse de ekonomik
anlamdaki muhafaza i¢in soguk hava destegine ihtiya¢ vardir. Kivi meyveleri 0-+0,5°C ve %90-95 nem igeren
soguk hava kosullar1 altinda 4-5 ay depolanabilirler (Ozer ve ark. 1997). Muhafaza siirecinin asir1 uzamasi halinde
alkollesmeye kadar varan bir tat degisikligine ugrayan ve yumusayan bir meyve olan kivi bu 6zelliginden dolay1
Klimakterik meyve olarak bilinir. Etilene maruz kalma ile gelisme, olgunlagsma ve yaslanma hizlanmakta, buna
bagli olarak iiriinlerin raf 6mrii siiresi ve kalitesi azalmaktadir.

Muhafaza siiresini uzatabilmek amaciyla degisik uygulama ve yontemler bulunmaktadir. Bunlardan biri de
bitki dokusunun etilen algilamasini 6nlemektir (Reid, 2002). Etilenin salgilanmasini 6nlemede; sicakligi miimkiin
olan en diisiik dereceye diisiirmek, CO2 konsantrasyonunu yiikseltmek, etilen inhibitorii, giimiis (giimiis tiosiilfat
- Ag>S.0s) veya 1-metilsiklopropen (1-MCP — C4H6) kullanmak etkilidir (Salveit, 2003).

Dogan ve ark. (2017) kontrolli atmosfer (KA) ve 1-MCP uygulamasinin (625 ppb) kombinasyonunu test
ettikleri ¢aligmalarinda ‘Hayward’ kivi g¢esidinin 1-MCP + KA kombinasyonunda depolanan iiriinlerde diger
depolama ortamlarina gore daha diisiik seviyelerde etilen iiretimi ile agirlik kayb1 meydana gelmis ve pazara arz
edilebilir meyve miktar1 daha yiiksek bulunmuslardir. Bu kombinasyonda depolanan meyveler depolama
bitiminde daha yliksek meyve eti sertligi, TEA miktari, h® ve C* degerlerine sahip oldugdunu tepit etmislerdir.
Netice itibartyla, kivilerin %1 O2: %3 CO; igeren KA + 625 ppb 1-MCP uygulamasi yapilarak kalitelerinde fazla
bir degisim olmadan 180 giin siireyle basaril1 bir sekilde muhafaza edilebilecegi tespit edilmistir.

Karakaya ve ark. (2019) yaptiklar1 ¢alismada; sogukta muhafaza ve raf émri stiresince ‘Hayward’ kivi
cesidinin toplam fenolik bilesikler, toplam flavonoid ve antioksidan aktivitesi (DPPH ve FRAP testine gore)
iizerine farkli MAP uygulamalarinin etkilerini arastirmislar, sonug olarak; Sogukta muhafaza ve raf omrii
siiresince tiim uygulamalarda toplam fenolik, toplam antioksidan aktivitesi ve toplam flavonoid igeriginin
azaldigim1 ve tiim biyoaktif bilesiklerin MAP uygulamalarinda kontrole gore daha yiiksek bulundugunu
bildirmislerdir.

Bir¢ok meyve tiirlinde oldugu gibi kivi muhafazasinda da amag, hasat olumu doéneminde toplanan
meyvelerin olgunlagma siirecini yavaslatip yeme olumuna ulagmasini1 geciktirerek hem pazara arz siirecini uzun
bir doneme yaymak suretiyle iiretici karim yiikseltmek hem de tiiketicilerin tercihlerine hitap eden iiriinlerin
piyasaya arzini uzun bir dénem i¢in gergeklestirebilmektir.

Materyal ve Yontem
Materyal

Caligmada bitkisel materyal olarak 7 yash ‘Hayward’ ¢esidi kivi omcalarindan hasat edilen; yaklasik %12
SCKM, 6-9 kgf meyve eti sertligi ve yaklasik (£ 18g) 150 g meyve agirligina sahip meyveler arasindan ii¢
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depolama siiresi (2, 4, 6 ay), 6 uygulama (Kontrol, 312,5 ppb, 625 ppb, 1250 ppb 1-MCP ve PVC, LDPE ambalaj),
11’er adet meyveden olusan 3 tekerriir grubu drneklemeyi karsilamak tizere 561 adet meyve kullanilmistir.

Deneme kurulumundan 6nce 6n sogutmaya alinan meyvelerde 1-MCP uygulamalar1 24 saat siire ile
belirlenen dozlarda uygulanirken ambalaj uygulamasi yapilan meyve grubu PVC ve LDPE paketlere alinarak
depolama ¢alismasina baglanmistir. Farkli dozlarda 1-MCP uygulanan meyve gruplari ise 24 saatlik uygulama
siiresinin tamamlanmasindan sonra agik kasalara yerlestirilerek ambalajlanan meyveler ile birlikte 0-1°C sicaklik
ve %90-95 nem sartlarinda ¢aligamaya dahil edilmistir.

Yontem

Depolama periyotlarini tamamlayan meyve gruplart 18-22 °C sicaklik ve %50-60 oransal nem kosullarinda
raf dmrii uygulamasina alinmig, 3 giinliik siire sonunda asagida siralanan kalite analizlerine tabi tutulmuslardir.

Incelenen Kalite Parametreleri

Agirhik kaybi (%): Miktari, kiimiilatif agirlik kaybi cinsinden (%) deger olarak, ‘‘Sartorius’’ model dijital
terazi ile Ol¢lilmiistiir.

Meyve eti sertligi (MES/kgf): ‘Effe-gi’ tipi el penetrometresiyle kgf olarak 6l¢tilmiistiir.

Suda ¢oziiniir kuru madde (%): ‘Atago Pal- 1’ digital refraktometreyle belirlenmistir.

Meyve et rengi (C*): “Minnolta CR400” chroma cinsinden ifade edilmistir.

pH degeri: “WTW” masaiistii dijital pH metre yardimiyla 6l¢iilmiistiir.

Titre edilebilir toplam asit miktar1 (TETA): Notralizasyon esasina gore saptanmistir ve sitrik asit
cinsinden hesaplanmistir (Anonim, 1968).

Toplam seker ve indirgen seker igerigi (mg.100g™): dinitrofenol yontemi ile (g.100 g?) saptanmustir
(Ross, 1959).

Askorbik asit icerigi (mg.100g™?): 2,6 dichlorophenol indophenol ydntemine gére spektrofotometrik
olarak (mg. 100 g?) tayin edilmistir (Pearson ve Churchill, 1970).

Toplam fenolik bilesikler (mg.100g™): Folin-Ciocalteu yontemine gore spektrofotmetrik olarak (mg. 100
g?) tayin edilmistir (Zheng ve Wang, 2001).

Istatistik analizler

Deneme, tesadiif parselleri deneme desenine gore ii¢ tekerriirlii olarak gergeklestirilmistir. Her bir tekerriir
de 5 adet meyve kullamlmustir. Istatiksel analizler icin SAS 9.1 bilgisayar paketi kullanilmis, varyans analizi
gergeklestirilmis ve verilerin ortalamalar1 arasindaki farkliliklar LSD (P<0,05) testi ile karsilagtirilmustir.

Bulgular ve Tartisma

Agirlik Kaybr (AK): Uriinlerin muhafaza siirecini kisitlayan en onemli kalite kriterlerinden biri su
kaybindan kaynaklanmakta olan agirlik kaybidir. Meyve ve sebzelerdeki agirlik kaybi, depolama siiresince
meydana gelen su kaybindan kaynaklanmaktadir. Su kaybinin 6nlenmesi depo atmosferi diizeyinin yiiksek
tutulmasi, koruyucu ambalaj materyallerinin meyvelere uygulanmasi veya kaplayici soliisyonlar kullanilarak
meyve yiizeyinden su kaybinin azaltilmasi gibi onlemler ile saglanabilmektedir. Burdon ve Clark ( 2001),
kivilerde hasat sonrasi su kayiplarinin etkisini arastirmak {izere yaptiklar1 ¢alismada meyvelerin baslangig
agirhigm %8-10"u kadar agirlik kaybettigini tespit etmislerdir. Arastirmada PVC, LDPE ambalajlarin ve 1-MCP
uygulamalarinin ‘Hayward’ ¢esidi kivi meyvelerinde depolama siiresince agirlik kaybina yonelik etkileri Sekil
1’de verilmistir.
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Sekil 1. Kivi meyvelerinde farkli uygulama ve depolama siireleri etkisinde agirlik kaybi1 degigimi.
Figure 1. Variation in weight loss in kiwi fruit under the influence of different application and storage timings.

Depolama siirecinde yapilan agirlik kaybi dl¢iimleri; en yiiksek agirlik kaybi degerinin %15,27 ortalamasi
ile 180+3 giin depolama siiresi ve 312,5 ppb dozda 1-MCP uygulanan meyvelere ait oldugunu gostermektedir.
Uygulama gruplar iginde en diisiikk agirlik kaybi ortalamasi %0,80 degeri il LDPE uygulamasinda 60 giin
depolama siiresinden elde edilmistir. Bu uygulama ortalamasinin180+3 giinliik depolama siireci sonunda %5,07
seviyesine ulastigi izlenmistir. Bu uygulamay1 kontrol grubu meyveleri takip etmistir. Meyve agirliginin
korunmasi agisindan bakildiginda 1-MCP uygulamalarinin yeterli olmadigi, en basarili uygulamalarin sirasiyla
LDPE ve PVC ambalaj materyallerinin oldugu saptanmistir. Deneme genelinde ve uygulama bazinda depolama
siirecinin uzamasi ile agirlik kayb1 degerlerindeki artis dogal bir sonug olarak diisiiniilmektedir. Bu noktada
onemli olan nem kaybi diizeylerindeki ivmedir.

Meyve Eti Sertligi: Meyve kalitesini etkileyen en 6nemli parametrelerden biri olan meyve eti sertligi
meyvelerin biiylimesi siirecinde hiicre gelisimi, hiicre arasi bosluklarin artmasi, hiicre ¢eperindeki pektin ve
hemiseliiloz parcalanmasi nedeniyle meyve etinde dokusal gevsemenin meydana gelmesiyle ortaya ¢ikan bir
durumdur. Meyvenin olgunlagsma agsamasinda daha hizli bir sekilde gergeklesen bu olaylar meyvenin etinde sertlik
degeri azaliglarina neden olur (Karagali, 20006).

Genellikle meyve olgunlagmastyla birlikte meyve eti sertliginin azaldig1 belirtilmektedir (Dhillon et al.,
2005). Calismada yapilan meyve eti sertligi 6l¢iimlerinde sertlik degerlerinde depolama siireci uzadik¢a beklenen
bir sonug olarak azalan bir degisim goriilmiistiir (Sekil 2). Herhangi bir uygulama yapilmadan depolamaya alinan
kontrol grubu meyvelerdeki sertlik degeri diisiisii olduk¢a hizli ger¢eklesmis olup ilk depolama dénemi sonunda
yaklasik 7,70 kgf baslangic degerinden 2,80 kgf degerine kadar gerilemistir. Bu hizli gerileme herhangi bir
uygulama yapilmamis kontrol grubu meyveler i¢cin normal ve beklenen bir sonugtur. Meyve eti sertliginin
korunmasi agisindan en iyi sonuglar PVC ve 625 ppb 1-MCP uygulamalarindan elde edilmistir. Bu uygulamanin
ozellikle 60 giinliik depolamada sertlik degeri oldukca yliksek gozlenmis takip eden depolama donemlerinde de
degerlerin diger uygulamalara nazaran yiiksek ve farkli oldugu goriilmektedir ancak farlilik daha az ¢arpicidir.

48



Yaman ve Kuzucu / JSTIE / 2024, Cilt 5, Say: 1, Sayfa: 45-57

8- LSD (0.05Devo.sture*Uveoulama: 0.2718

ahi ® ® * . I

Meyve eti sertligi (kef)

ALLIA0en ﬁﬂﬂ]ﬂm , ﬁ ﬂm Wi ] ﬂnn | @n&m

T
Depo.sire(giin) o

T T
> 2D 2 S HIS DD QOSSO > DS DS \\ S \\ Ve ) \A\
b$ BT \_qb\\. \9 \ \% SN \ﬂi.\\x \xg.k\\ b‘\\— N \%\\r S \,:\\\ \‘e_ \:-‘ \,_\\\ \7:1-
S ROV RS S \., S (SR e DX opaiigy SR S S N
Uygulama N X x> x> C <
3 ) ~ <
<8 _eS RN S < S
< v il = ~

Sekil 2. Kivi meyvelerinde farkli uygulama ve depolama siireleri etkisinde meyve eti sertligi (kgf) degisimi.
Figure 2. Variation in fruit flesh hardness (kgf) of kiwi fruit under the influence of different application and storage times.

Diger dikkat gekici bir durum ise 1-MCP’nin farkli dozlarin yer aldig1 uygulamalardir. Ozellikle 625 ppb
dozunda ve 4 aylik depolama siiresinde ve 3 giinliik raf 6mrii sonunda alinan sertlik degeri olduk¢a umut vaat
edici bir uygulama olarak goriilmektedir. 312,5 ve 1250 ppb dozlarinda ayni durum séz konusu degildir.

Suda Coziinebilir Kuru Madde Miktari: Suda ¢6ziiniir kuru madde miktarinda hasattan sonra muhafaza
stiresi boyunca genellikle artiglar gézlenmistir (Sekil 3). Depolama siiresince SCKM degerlerinde goriilen artisin
‘Hayward’ kivi meyvelerinde nisastanin hidrolize olarak sekerlere dontismesinden kaynaklandigi kanisina
varilmaktadir. Mitchell (1988) hasat zamaninda yiiksek olan nisasta miktarinin olgunlasma ile hizla ayrisarak
sekerlere doniistiigli bu nedenle hasat zamaninda %6,5-8 olan SCKM oraninin yeme olumunda %14-17’ye
yiikseldigini ve meyve SCKM ile meyve aromasi etkinligi arasinda lineer bir iligki oldugu kaydedilmistir.
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Sekil 3. Kivi meyvelerinde farkli uygulama ve depolama siireleri etkisinde suda ¢6ziinebilir kuru madde miktari (%) degisimi.
Figure 3. Variation in the amount of water-soluble dry matter in kiwi under the influence of different application and storage times (%).
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SCKM’na yonelik yapilan istatistiki analizlerden elde edilen sonuglar Sekil 3°de gosterilmistir.
Uygulamalardan alinan sonuglar; depolama donemleri sonunda en yiiksek SCKM ortalamalarinin kontrol ve 1-
MCP uygulamasinin 312 — 625ppb dozlarindan alindigini, 1250 ppb 1-MCP, PVC ve LDPE uygulamalarinda
degerlerin bir miktar daha diisiik seyrettigini gostermistir. SCKM oraninin diisiik seyretmesi 6zellikle uzun
soluklu depolama uygulamalarinda meyvenin depolama omrii agisindan iyi bir gdsterge olmasi nedeniyle
onemlidir. Bu ag¢idan bakildiginda PVC uygulamasinin 6zellikle 60 ve 120 giinliik depolama siirecleri sonunda
diger uygulamalara nazaran az bir farkla da olsa daha iyi sonug verdigi goriilmektedir. 312,5 ve 625 ppb 1-MCP
dozlarinin depolama siireclerinde SCKM degerlerinin yiikselisine 1250 ppb’lik dozdan daha az etkileri oldugu
goriilmektedir. Ancak giiglii olarak gdzlemlenmis olan bu etki dahi 6nem sirasiyla PVC ve LDPE ambalaj
etkilerinin gerisinde kalmistir. Bu baglamda yalnizca SCKM bazinda diisiiniildiigiinde PVC ve LDPE uygulamasi
etkili ve tavsiye edilebilir performanstadir.

Meyve Et Rengi (Chroma): ‘Hayward’ ¢esidi kivi meyvelerinde depolama siiregleri sonunda yapilan
meyve et rengi dlgiimleri Sekil 4’de verilmistir. Depolama sonras1 625 ppb ve 1250 ppb 1-MCP uygulamasi
yapilan meyvelerin meyve et rengini kontrol grubu meyvelerine gére daha iyi koruduklart goriilmiistiir. Depolama
stirecini takiben %55-%60 oransal nem ve 18-22°C’ sicaklik sartlarinda 3 giin raf dmriine tabi tutulan meyvelerde
mezokarp renginin hizli bir sekilde arttigi goriilmektedir. Calismada uygulamalar arasinda 2, 4 ve 6 aylik
depolama siireleri sonunda en yiiksek ortalamanin 625 ppb dozunda 1-MCP uygulamasinda oldugu goriilmiistiir.
Bu uygulamay1 ise PVC ve 1250 ppb dozunda 1-MCP uygulamalari takip etmekte olup istatistiki olarak aralarinda
cok biiyiik farkliliklar bulunmamaktadir. LDPE uygulamasinda ise en diisiik degerlerin oldugu tespit edilmistir.
Olgunlasmayla birlikte meydana gelen renk agilmasi tiim uygulamalarda kendini gostermis hatta bu renk azalist
depolamanin ilk periyodunda bariz bir sekilde goriilmiistir. Depolamanin ilk periyodu takip eden diger
asamalarinda ise renk azalis ve artislarina rastlanmaktadir.
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Sekil 4. Kivi meyvelerinde farkli uygulama ve depolama siireleri etkisinde meyve eti rengi degisimi.
Figure 4. Variation in fruit flesh color in kiwi fruit under the influence of different application and storage timings.
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Bu degisimlerin uygulamalara gore farkliliklar, Sekil 4’ten izlenebilecegi gibi; PVC uygulamasinda 180
giin depolamadan sonraki 180 giin depolama +3 giin raf dmriinde meyve et renginde bir koyulasma oldugu
goriilmektedir. Bu koyulagsma, meyve icerigindeki asitlik ve pH degisiminden kaynaklanmaktadir. Sekil 5’deki
TETA ve Sekil 6’daki pH degerlerinde meydana gelen degisimler incelendiginde yine ayni uygulamanin 180 giin
depolamadan sonraki 180 giin +3 giin raf émriinde TETA ve pH degerlerinde artis oldugu goriilmektedir.

Titre Edilebilir Toplam Asit (TETA) Miktar1: Kivi meyvelerinde depolama siireleri sonunda belirlenen
TETA miktarlar1 Sekil 5’de gosterilmistir. Depolama siiresi uzadikea ilerleyen olgunlukla birlikte meyve TETA
seviyelerinin azaldig1 goriiliirken depolama siirecinin sonunda ise az miktarda yiikselislerin oldugu belirlenmistir.
Crisosto ve Crisosto (2001), arastirmalarinda ‘Hayward’ kivilerde olgunlagsma siirecinde titre edilebilir asit
diizeylerinde kiigiik degisikliklerin veya diisiislerin oldugunu kaydetmislerdir. Marsh ve ark. (2004), TETA
seviyesinde meydana gelen diislisiin, asit metabolizmasinda etkisi olan ii¢ ana meyve asidindeki (kuinik, sitrik ve
malik asit) degisimler neticesinde meydana geldigini belirtmektedirler.
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Sekil 5. Kivi meyvelerinde farkli uygulama ve depolama siireleri etkisinde TETA miktar1 degisimi.
Figure 5. Variation in TETA contents in kiwi fruit under the influence of different application and storage timings.

Titre edilebilir asitlik miktarlar1 agisindan 2, 4 ve 6 aylik depolama siireleri sonunda uygulamalar arasinda
en yiiksek ortalamanin kontrol grubundan alindig1 goriilmektedir. 312,5 ppb dozunda 1-MCP ve 625 ppb dozunda
1-MCP uygulamalarinda ise benzer sonuglar tespit edilmis ve TETA degerlerin siralamasinda kontrol grubundan
sonra yer almiglardir. En diisiik TETA degeri ise PVC uygulamasindan alinmistir. Meyve suyundaki asitlik degeri
metabolik aktiviteyi ifade eden bir gdsterge olarak diisiiniildiigii i¢cin TETA miktarlarinin kontrol meyvelerinde
yliksek olmasi hizli ya da asir1 ilerlemis olgunlasmay1 gostermektedir. LDPE ambalaj uygulamasinda 6lgiilen
degerlerin kontrol meyvelerine gore daha diisilk olmasi LDPE ile ambalajlanan meyvelerde metabolizma
aktivitelerinin depolama agisindan daha istikrarli oldugunu diisiindiirmektedir. Depo siirecini takiben 3 giin raf
Omriine tabi tutulan i¢in bekletilen meyvelerde TETA miktarlarinda artis oldugu tespit edilmistir. Bu artisin meyve
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metabolizmasindaki fazla seker sebebiyle meydana gelen alkolle doniisme oldugunu gostermektedir. Dong ve
ark., (2001) gerceklestirdikleri muhafaza ve raf 6mrii calismalarinda TETA miktarlar1 depolama siiresince azalma
egiliminde oldugunu bildirmislerdir. Aym1 sekilde Karacali (2006) Meyvelerde TETA degerlerindeki diisiis
egilimlerinin olgunlagmayla birlikte solunumda kullanilma, pektin par¢alanmasi sonucu agiga ¢ikan katyonlarla
notrlesme, kristallesme vb. sebeplerden kaynaklandigini bildirmistir.

pH: Meyvelerde olgunlagma ile birlikte meyvede hakim asitlik diizeyi azalmakta, buna karsiik pH
degerlerinde yiikselis meydana gelmektedir (Karagali, 2002). Arastirmada farkli ambalaj tipleri ve 1-MCP
uygulamalarinin ‘Hayward’ kivi meyvelerinde depolama siirecinde pH miktar1 {izerine etkileri Sekil 6’daki
grafikte gosterilmistir. Karagali (2002)’nin da 6ngérdiigi gibi muhafaza siireci uzadiginda meyvelerin pH
seviyesinde farkli diizeylerde artma ve azalmalar seklinde dalgalanmalar goriilmekle birlikte meyvede olgunluk
ilerledikce ekseriyetle pH diizeyinde artis meydana gelmistir. Caligmada uygulamalar arasinda 2, 4 ve 6 aylik
depolama siireleri sonunda en yiiksek pH ortalamasi PVC uygulamasinda gézlenmistir. 625 ppb dozunda 1-MCP
ve 1250 ppb dozunda 1-MCP uygulamalarinda ise en diisiik ortalamanin oldugu goriilmistiir.
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Sekil 6. Kivi meyvelerinde farkli uygulama ve depolama siireleri etkisinde pH degisimi.
Figure 6. Variation in pH level in kiwi fruit under the influence of different application and storage timings.

Depolama siiresince meyve pH s1 ve asitligindeki yiikselme beklenen bir sonug¢ olarak karsimiza
cikmaktadir, bu noktada 6nemli olan bu yiikselme egiliminin miimkiin oldugunca az bir egim altinda seyretmesini
saglamak ve dolayisiyla meyvenin metabolik olarak muhafaza edilebilirlik yetenegini korumaktir. Uygulamalar
icinde; kontrol grubu meyveleri ile LDPE ve 312,5 dozunda 1-MCP uygulamalarinda ise pH ortalamalar1 arasinda
istatistiki acidan 6nemli bir fark bulunmamustir.

Toplam Seker: Meyvelerin toplam seker miktarlari agisindan depolama siiregleri ve uygulamalar etkisinde
degisimleri Sekil 7°de verilmistir. Toplam seker igerigindeki degisimler depolama siirecinin uzamasina paralel
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olarak basit sekerlere doniisen nisasta birikiminin toplam seker diizeyini arttirmasi seklinde bir goriintii vermistir.
Uygulamalar bazinda bu doniigiim siirecinin en dengeli gergeklestigi uygulama PVC ambalaj uygulamasi olmus
LDPE ve 1250 ppb IMCP uygulamalari bunu takip etmistir. En yiiksek toplam seker degerlerinin 3 farkli
uygulamadan alindig goriilmektedir. Bu uygulamalar 312,5 ve 625 ppb dozlarinda 1-MCP uygulamalari ile LDPE
uygulamasidir. Kontrol grubu meyvelerinde ve PVC uygulamasinda ise daha diisiik degerler tespit edilmistir.
Alinan ortalamalar arasinda kontrol ve 312,5 ppb’lik 1-MCP dozu haricindeki uygulamalarda toplam seker
degerinin depolama siireci boyunca kademeli ve diizenli bir sekilde arttig1 goriilmektedir. Bu durum sozili gegen
uygulamalarin meyve metabolizmasi lizerindeki etkili hakimiyetini gostermektedir.
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Sekil 7. Kivi meyvelerinde farkli uygulama ve depolama siireleri etkisinde toplam seker miktari1 degigimi.
Figure 7. Variation in total sugar content in kiwi fruit under the influence of different application and storage timings.

indirgen Seker: Arastirmada farkli ambalaj tipleri ve 1-MCP uygulamalarmin ‘Hayward’ kivi ¢esidinde
depolama siiresince indirgen seker icerigi tizerine etkileri Sekil 8’de verilmistir.
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Sekil 8. Kivi meyvelerinde farkli uygulama ve depolama siireleri etkisinde indirgen seker miktar1 degisimi.
Figure 8. Variation in reducing sugar amount in kiwi fruit under the influence of different application and storage timings.
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Uygulama gruplar iginde en yiiksek indirgen seker igerigi kontrol grubu meyvelerinde oldugu, bunu 1250
ppb 1-MCP uygulamasinin takip ettigi, en az seker miktarinin ise 625 ppb 1-MCP uygulanmig meyveler ile PVC
ambalaj materyali ile kaplanmis meyvelerde oldugu tespit edilmistir. Sekil 8’deki grafikten de izlenebilecegi gibi
tiim uygulama gruplarinda muhafaza siirecinin sonuna dogru indirgen seker igeriginde artiglar meydana gelmistir.
1-MCP uygulamalarinda depolamanin son periyodunda indirgen seker degerlerinde oldukca hizli ortaya ¢ikan
keskin bir yiikselis goriilmektedir. Bu yiikselis meyvenin olgunluk sinirina dayandigini ve depolama omriinii
tilketmek tlizere oldugunu ifade etmektedir. PVC ve LDPE uygulamalarinda ise seker metabolizmasi agisindan
meyve daha istikrarli bir goriiniim ¢izmektedir. Indirgen seker degerlerindeki degisim incelendiginde 312,5 ppb
ve 1250 ppb 1-MCP uygulamalarinin 180 giin depolamadan sonraki 180 giin depolama +3 giin raf dmriinde
indirgen seker iceriginde ¢ok fazla bir artis oldugu goriilmektedir. Indirgen seker miktarindaki bu yiikselis
meyvenin tadinin bozuldugunu, meyvede alkollesmenin basladigini géstermektedir.

Askorbik Asit: Depolama sirasinda askorbik asit, gesitli faktorlerden dolayr degisime ugrayabilir. Bu
faktorler arasinda 151k, nem, sicaklik, oksijen ve pH seviyesi gibi hem muhafaza sartlar1 hem de fizyolojik etkenler
bulunmaktadir (Y1ildirim, 2010). Depolama siiresi uzadik¢a askorbik asit miktar1 da azalabilir. Bu nedenle taze ve
taze triinler tiiketmek, askorbik asit alimini arttirmak i¢in 6nemlidir. Ancak depolama sirasinda yapilan
uygulamalar meyvenin askorbik asit seviyesinin korumada etkili olabilmektedir. Depolama ¢alismasinin
meyvedeki askorbik asit miktarin1 saptamaya yonelik analizlerinden alinan sonuglar Sekil 9’daki grafikte
gosterilmistir. Depolama siiresi uzadik¢a meyvelerin askorbik asit iceriklerinde farkli diizeylerde diisiislerin
meydana geldigi goriilmekle birlikte genel olarak olgunlagma siiresince askorbik asit miktar1 azalmaktadir.
Olgunlasma siiresince askorbik asit miktarinda goriilen azalmanin diger bir sebebi de olgunlugun ilerlemesi ile
birlikte askorbik asidin metabolik olaylarda tiiketilmesidir (Karaca, 2019).
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Sekil 9. Kivi meyvelerinde farkli uygulama ve depolama siireleri etkisinde askorbik asit miktar1 degisimi.
Figure 9. Variation in the amount of ascorbic acid in kiwi fruit under the influence of different application and storage timings.
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Depolama siireleri sonunda uygulamalar arasinda en yiiksek ortalamanin PVC ile kaplanmis meyvelerden
alindig goriilmektedir. Kontrol grubu meyveler ile 312,5 ppb dozunda 1-MCP uygulanan meyvelerde en diisiik
degerler gozlenmistir. Uygulamalar arasinda 6zellikle PVC ambalaj ve 1250 ppb 1-MCP uygulamalari meyvedeki
askorbik asit diizeyinin korunmasinda hem depolama siirecinde hem de 3 giinliik raf 0mrii uygulamasi sonucunda
oldukea basarili ortalamalar vermistir. Bu noktada 1-MCP’nin diger dozlarinda 6zellikle raf dmrii sirasinda
meydana gelen kayiplar dikkat ¢ekicidir.

Toplam Fenolik Bilesik Miktari: Kivide bulunan fenolik maddeler, genellikle antioksidan 6zelliklere
sahip olan dogal bilesiklerdir. Katesin, Gallik asit, klorojenik asit, vanilik asit, siyringik asit, ferulik asit, o-
kumarik asit, fenolik bilesikler arasinda sayilabileceklerden olup gallik asit 0.256 mg 100g™ seviyesinde tepit
edilmistir (Kambur ve Giindogdu, 2020). Fenolik maddeler, anti-enflamatuar, anti-kanserojen ve anti-bakteriyel
oOzelliklere sahip olabilirler ve viicut igin birgok fayda saglayabilirler.
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Sekil 10. Kivi meyvelerinde farkli uygulama ve depolama siireleri etkisinde fenolik madde miktar1 degisimi.
Figure 10. Variation in the amount of phenolic substances in kiwi fruit under the influence of different application and storage timings.

Caligmada uygulanan ambalaj tiplerinin ve 1-MCP uygulamalarmin ‘Hayward’ ¢esidinde muhafaza
siireglerinde toplam fenolik bilesik miktar1 tizerine etkileri Sekil 10°da verilmistir. Fenolik bilesik miktarlarinda
meydana gelen degisimler depolama uygulamasinin farkl siireglerinde azalis ve artislar seklinde dalgalanmalar
gOstermistir. 2, 4 ve 6 aylik depolama siireleri sonunda 312,5 ppb dozunda 1-MCP uygulamasi haricinde tiim
uygulamalarda toplam fenolik bilesik degerleri yiiksek olup aralarinda istatistiki agidan onemli farkliliklar
bulunmamaktadir. Kontrol grubunda 6zellikle denemenin uzayan siireglerinde elde edilen yiiksek fenolik bilesik
degerleri meyve fizyolojisinde meydana gelen ¢dkmeden kaynakli oldugu diisiiniilmektedir. Uygulamalar
arasinda dikkat ¢eken diger bir husus ise 625 ppb’lik 1-MCP dozunun 3 giinliik raf 6mrii testlerinde olumlu etki
gostererek fenolik bilesik diizeyini muhafaza etmis olmasidir. Bu durumun meyve metabolizmasina etki eden
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dozun uygunlugu olarak ortaya ¢iktig1 diisiiniilmektedir. Ayrica PVC ve LDPE ambalaj uygulamalarinda fenolik
bilesik miktar1 korunurken meyve kalite 6zellikleri de tiiketici kabulii agisindan iyi diizeyde tespit edilmistir.

Sonug¢

Agirlik kaybi diger meyve ve sebzelerde oldugu gibi kivi meyvesi i¢in de 6nemli bir kalite kriteridir. Tolere
edilen degerden daha fazla agirlik kaybi meydana geldiginde firiiniin albenisi, pazara sunustaki kalitesi
diiseceginden muhafaza sonrasindaki ekonomik boyutu diistiniildiigiinde agirlik kayb1  olduk¢a 6nemli  bir
kriterdir. ‘Hayward’ cesidi kivi meyveleri farkli depolama siireleri ve farkli uygulamalar sonucunda agirlik kayb1
parametresi agisindan degerlendirildiginde en iyi sonucu LDPE uygulamasi vermistir. Bu uygulamayr PVC
uygulamasi takip etmistir. Bu iki uygulama karsilastirildiginda ise, 120 giin depolama siiresi +3 giin raf dmriinden
sonraki agirlik kaybina bakildiginda LDPE uygulamasina gére PVC uygulamasi daha iyi sonug vermistir.

‘Hayward’ ¢esidi kivi meyveleri farkli depolama siireleri ve farkli uygulamalar sonucunda hem depolamaya
dayaniklilik hem de pazarlama agisindan olduk¢a 6nemli bir kalite kriteri olan meyve eti sertligi parametresi
acisindan degerlendirildiginde, en iyi ortalamanin PVC uygulamasindan alindigi goriilmiistiir. Bu uygulamanin
ozellikle 60 giinliik boliimiinde sertlik degeri oldukga yiiksek gozlenmis diger boliimlerde de degerlerin diger
uygulamalara nazaran yiiksek ve farkli oldugu goriilmiistiir ancak farklilik daha az carpicidir. Bu uygulamay1
LDPE uygulamasi ve ardindan 625 ppb dozunda 1-MCP uygulamas: takip etmistir. En diisiik sertlik degerleri ise
kontrol grubu meyvelerde elde edilmistir. Diger dikkat ¢ekici bir durum ise 1-MCP’nin farkli dozlarinin yer aldig:
uygulamalardir. Ozellikle 625 ppb dozunda ve 4 aylik depolama siiresinde ve 3 giinliik raf dmrii sonunda alman
sertlik degeri olduk¢a umut vaat edici bir uygulama olarak goriilmektedir. 312,5 ve 1250 ppb dozlarinda ayni
durum s6z konusu degildir.

Meyve kalite Ozelliklerinden SCKM, TETA ve pH seviyeleri agisindan PVC ve LDPE ambalaj
uygulamalarinin dikkate deger Ol¢iide iyi sonuglara sahip olduklari tepit edilirken meyve eti rengi, askorbik asit,
indirgen seker ve toplam seker kriterleri agisindan 1-MCP uygulamasinin yiiksek dozlar1 ve PVC —LDPE amblaj
uygulamalar1 6ne ¢ikan uygulamalar olarak belirlenmistir. Fenolik bilesiklerin degisimi agisindan ise kontrol ve
1-MCP’nin 312,5ppb lik dozu haricinde uygulamalar agisindan farklilik bulunamamustir.
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