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COK YILLIK YONCA TURLERI

Meliha Feryal SARIKAYA!
Muhammad Azhar NADEEM?
Kagan KOKTEN?

1. GIRIS

Yonca (Medicago turleri), Leguminosae familyasinin
Trifolieae oymagina ait olup 50'den fazla tiirii kapsar (Sadeghian
ve Hejazi, 2014). Bu tiirlerden yaklasik on ikisi tarimsal agidan
onemli kabul edilmektedir. Baslica yetistirilen ve taninan tiirler
sunlardir: Medicago sativa, Medicago varia, Medicago hispida,
Medicago falcata, Medicago lupulina, Medicago maculata,
Medicago tuberculata, Medicago scutellata, Medicago elegans,
Medicago orbicularis.

Bu tiirlerin yanm1 sira, yetistiriciligi yaygin olarak
yapilmayan ancak 1slah programlar1 bakimindan olduk¢a 6nemli
olabilecek farkli Medicago tiirleri de bulunmaktadir. En yaygin
tirler sunlardir: M. ciliaris, M. marina, M. litoralis, M. minima
ve M. denticulata (Avcioglu vd., 2009).

Tarimsal a¢idan en yaygin ve en ¢ok arastirilan yonca turl
Medicago sativa L.’dir. Bu tlriin kromozom sayist 2n = 4x =
32’dir (Zhang ve Wang, 2025). Transkafkasya bdlgesinden gelen
M. sativa, Iran, Anadolu'nun dogu, orta ve bat1 bdlgeleri, Ispanya
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ve hem Kuzey hem de Giiney Amerika'y1r kapsayan genis bir
cografi alanda birgok ekotipin gelismesine yol agmistir. Hem
dogal secilim hem de 1slah programlarmin sonucu diinyanin
hemen hemen her bdlgesine yayilmis ve uyum saglamstir.

Tarimsal {iretimi kisitlayan bircok faktér mevcuttur.
Ozellikle tuzluluk, agir metaller, kuraklik ve agirt sicakliklar gibi
abiyotik stres etkenleri bu faktorler arasinda yer almaktadir (Song
vd., 2019). Kiiresel iklimde 6ngoriilen degisikliklerin, bahsedilen
streslerden bir veya daha fazlasina maruz kalmanin bir sonucu
olarak, bitkisel GUretimde iriin kaybina sebep olacagi
belirtilmektedir (Haak vd., 2017). Stres kosullar1 altinda,
¢imlenmeden tohum olusumuna kadar bitki biiylimesinin her
asamasinin etkilenecegi bildirilmektedir (Song vd., 2019).
Medicago sativa L. yabanci dollenme fizyolojisine ve
ototetraploid karaktere sahip olmasi, bir¢ok gevresel faktore karsi
hassastan toleransliya kadar genis bir genetik cesitlilige yol
acmistir. Yonca, farkl stres etkenlerine toleransi da dahil olmak
tizere cesitli temel tarimsal Ozelliklerini gelistirme cabasiyla
yaklagik bir ylizyildir yogun bir sekilde yetistirilmistir (Kingston-
Smith vd., 2013).

2. YAYGIN YONCA (Medicago sativa L.)

Yaygm yonca, dinya genelinde degerli baklagil yem
bitkileri arasinda yer almaktadir. Ayn1 zamanda insanlik tarihinde
yetistiriciligi yapilmis en eski bitkilerden biridir. Bitki adin
Medya Otu anlamina gelen Herba medica teriminden almaktadir
ve kokeni Iran, Transkafkasya, Anadolu bolgelerinden aldig
belirtilmektedir (Mikaili ve Shayegh, 2011). Hititler doneminde
Anadolu'da yetistirilen yonca, MO 5. yiizy1lda Medler ve Persler
tarafindan ~ Yunanistan'a getirilmis ve ardindan Roma
Imparatorlugu'na yayilmigtir (Brough vd., 1977). Osmanl ve
Selcuklu donemlerinde, 6zellikle siivari atlar1 i¢in 6nemli bir yem
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kaynagi olarak hizmet etmistir. Giliniimiizde ise bu bitki stln
besin igerigi, c¢esitli formlar1 ve genis adaptasyon kabiliyeti
nedeniyle diinya ¢apinda 'yem bitkilerinin kraligesi' olarak kabul
edilmektedir (Yaryab ve Cacan, 2022).

Yaygin yonca (Resim 1), kutup bdlgeleri hari¢ hemen
hemen her ekolojide gelisebilen ¢ok yillik bir baklagil yem
bitkisidir (Radovi¢ vd., 2009). Bitki genis kazik kok sistemi
sayesinde derin toprak katmanlarindan su ve besin maddelerine
erisebilir ve bdylece ozellikle kurak ve yar1 kurak bolgelerde
tarimsal stirdiiriilebilirligi artirir (E1-Ramady vd., 2020). Yoncay1
urin rotasyonuna dahil etmek, kok nodullerindeki azot
fiksasyonu yoluyla toprak organik maddesini ve azot seviyelerini
artirmakta ve bu da sonraki tahil tirinlerinin veriminde 6nemli bir
artisa neden olmaktadir (Hughes vd., 1951). Ayrica, yiiksek ham
protein igerigi (%18-20 civari1) ve mineral bilesimine sahip olan
yonca, hayvansal Uretimin en 6nemli girdilerinden biri olan
kaliteli kaba yeme katki saglayarak isletmelerin verimligini
artirmaktadir (Radovi¢ vd., 2009; Suwignyo vd., 2023). Bununla
birlikte evcil hayvan mamasi, yonca unu, filiz yetistiriciligi ve
biyoplastik hammadde kaynagi olarak da kullanilmaktadir (Zhu
vd., 2025).

Yonca iklim ve toprak kosullarina genis bir uyum
kabiliyeti gostermektedir. Bitkinin kurakliga dayanikliligi kok
derinligiyle iligkilendirilmektedir. Kokler genellikle 2-3 metre
derinlige kadar uzanir, ancak optimum kosullar altinda 6-10
metreye kadar ulasabilir. Yetistirildigi ekolojilere bagli olarak
farkli bicim sayisina sahip olan bitkinin su talebi de farklidir.
Bitki ortalama 1 kilogram kuru madde iiretmek i¢in yaklasik 800
litre suya ihtiya¢c duymaktadir (Hsiao ve ark., 1976). Ulkemiz
bakimindan bir degerlendirme yapildiginda, Orta Anadolu‘da
tipik olarak 4-5, Ege ve Akdeniz bdlgelerinde ise 8-10 hasat
yapilabilmektedir Bitkinin ekonomik 6mri, bolgeye bagl olarak
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3 ila 10 yi1l arasinda degisir ve optimum iklimlerde 20 ila 30 yil
dayanabilir (Avcioglu vd., 2009).

Resim 1. Medicago sativa L. (Jan vd., 2021)

Yonca genellikle kiregle zenginlestirilmis, iyi drene
edilmig, tinli veya kumlu-tinli topraklarda yetistirilmektedir.
Diger taraftan pH degeri 6,8 veya lizeri olan topraklarda en iyi
sekilde gelisir ve asidik topraklar icin kirecleme Onerilmektedir
(Haby vd., 1997). Durgun yeralti suyunun neden oldugu kok
clirlimesini onlemek i¢in, yeralt1 suyu seviyesi genellikle toprak
yilizeyinden 1,5 ila 2 metre asagida tutulmalidir.

Yaygin yonca disinda da tarimsal ve ekolojik neme sahip
bazi ¢ok yillik yonca tiirleri bulunmaktadir. Bu tiirler arasinda
Medicago falcata L., Medicago lupulina L., Medicago varia Pers,
Medicago arborea L. yer almaktadir. Bu tlrlerin genetik
cesitliligi, yonca 1slah programlarinda stres toleransi, yem kalitesi
ve adaptasyon kabiliyeti gibi Ozelliklerin gelistirilmesi igin
onemli bir genetik kaynak olusturmaktadir.
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3. SARI CICEKLI YONCA (Medicago falcata L.)

Medicago falcata L., sert hava kosullarina uyumuyla 6n
plana ¢ikan ¢ok yillik bir baklagil yem bitkisidir. Tiiriin dogal
dagilimi Iskandinavya'dan Asya'daki Baykal Golii gevresine
kadar uzanmaktadir. Hem dogal hem de kiiltiire alinmus ¢esitleri
Orta ve Dogu Avrupa'nin soguk ve yar1 kurak bolgeleri ile Kuzey
Amerika'da mevcuttur (Small ve Jomphe, 1989). Morfolojik
olarak yaygin yoncaya benzemektedir. Ancak ¢igek rengi altin
sarisindan turuncu-sariya kadar degisir (Resim 2) ve baklalart
kavisli, orak benzeri veya hilal seklindedir (Lesins ve Lesins,
2012). Bitki tipik olarak 90-100 cm yiiksekligindedir. Blytme
sekli ise yatik veya yar1 yatik olabilmektedir. Bitkinin bir bagka
onemli ozelligi 2300-4000 m’ye kadar olan yiiksek rakimlarda
gelisebiliyor olmasidir. Bu da onu diger bir¢ok yonca tiirline
kiyasla iklim farkliliklara karst daha toleransli hale getirmektedir
(Frame vd., 1998).

Resim 2. Medicago falcata (Anonim, 2025)

Sar1 ¢icekli yonca, soguga, kurakliga, otlatmaya ve
cignenmeye karsi onemli genetik dayaniklilik gdstermektedir
(Humphries vd., 2021). Kok sistemi derin bir kazik kok yapisina
sahiptir ve kok tacindaki ¢ok sayida kardes nedeniyle gucli bir
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yeniden buyume kabiliyetine sahiptir (Quiros ve Bauchan, 1988).
M. falcata, bu o6zelliklerden dolay1r genellikle yonca 1slah
programlarinda direng genlerinin kaynagi olarak kullanilir
(Brummer, 1999; Annicchiarico vd., 2011). Cok sayida melez
cesit (M. sativa x M. falcata) Kanada, Rusya ve Kuzey Avrupa'da
yetistirilmis ve bu tiirlin genetik kaynaklar1 kullanilarak soguk
tolerans1 ve uzun omiirliiligii artirtlmistir (Humphries vd., 2021;
Yun vd., 2022). Tirkiye'de sar1 ¢icekli yonca Sivas, Tokat,
Erzurum ve Kars illerindeki yiiksek rakimli ¢ayirliklara 6zgiidiir.
Anadolu turleri genellikle 30-50 cm yiiksekliginde, kisa sapli,
yatay bir morfolojiye sahip ve soluk sari ¢i¢eklere sahiptir. Bu
cesitler diisiik tohum tutma oranina sahiptir. Bununla birlikte,
baklalar1 diger yabani poptilasyonlara kiyasla ¢atlamaya daha az
duyarlidir ve bu da onlar1 yerel gevreye uyumlu olarak 6nemli bir
genetik materyal haline getirir. Mera 1slah programlarinda M.
falcata Ozellikle kurak meralari iyilestirmek i¢in bir bilesen tiir
olarak kullanilmistir (Avcioglu vd., 2009). Bitki 6nemli besin
degerine sahiptir ve oOzellikle otgullara karst dayanikliligi ve
nispeten yumusak otlar1 nedeniyle dogal meralarin kalitesini
artirtr (Frame vd., 1998). Bununla birlikte sar1 ¢igekli yonca, bazi
Ozellikler i¢in sahip oldugu direncine ragmen, yaygin yoncaya
kiyasla daha diigiik yem verimi ve tohum tiretimi sergiler (Small
ve Jomphe, 1989). Sinirli sayida iireme organi, baklalarin
olgunlagsma sonrasi catlayip tohum birakma egilimi ve diisiik
tohum tutma orani, bu tiirlin ekonomik iiretim potansiyelini
kisitlamaktadir (Quiros ve Bauchan, 1988). Bununla birlikte,
genetik kaynak olarak sagladig1 direng genleri nedeniyle, cagdas
1slah arastirmalarinda 6nemli bir kaynak olmaya devam
etmektedir. Molekiiler c¢alismalar, M. falcata'nin kuraklikla
iligkili gen lokiisleri ve fizyolojik mekanizmalar agisindan yaygin
yoncaya Onemli katkilarda bulunmaktadir (Zhang vd., 2015;
Jiang vd., 2022).
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4. SERBETCIOTU YONCASI (Medicago lupulina
L)

Serbet¢iotu yoncast (Medicago lupulina L.), Avrupa’dan
Asya’ya ve Kuzey Afrika’nin iliman bolgelerine kadar yayilmis
bir tariddr (Turkington ve Cavers, 1979). Bitki biiylime sekli
yatik ya da dik sekilde olabilmektedir. 10-60 cm’ye kadar
boylanabilirken, kazik kokii genellikle 10-30 cm kadar topragin
derinligine inmektedir (Avcioglu vd., 2009). Cicek rengi parlak
sar1 olup (Resim 3), meyveleri bobrek bicimindedir ve tek tohum
icerir (Mifsud, 2002). Bu tir ozellikle gorak meralar, taban
araziler ve yapay mera sistemi kurulumlarinda kullanilabilmekte,
yapraklart yumusak ve besin maddeleri agisindan zengin
olmastyla dikkat cekmektedir (Frame, 2019).

Medicago lupulina’nin adaptasyon yetenegi yiiksektir.
Tamamen gilinesli ya da yar1 golgeli ortamlarda, kumlu-killi
dokuda ya da tasli zeminlerde dahi gelisebilmektedir (Wilson,
2005).

Resim 3. Medicago lupulina L. (Mifsud, 2002)

Yem bitkisi acisindan, M. lupulina’nin besin degerleri
umut vericidir ancak ticari yonca tiirleriyle kiyaslandiginda
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tiretim potansiyeli ve verim agisindan sinirlamalari vardir (Kiraz,
2011). Yine de diisiik verim ortamlarinda ya da diisiik bakim
sartlarinda kullanilabilmesi bakimindan dogal meralarin 1slahi ve
peyzaj amagl yemleme sistemlerinde alternatif
olusturabilmektedir (Martin vd., 2020).

5. MELEZ YONCA (Medicago varia Pers)

Melez yonca, taksonomik acidan c¢ogu literatiirde
Medicago varia olarak tanimlanmakta olup, esasen ebeveyni olan
Medicago sativa ile Medicago falcata tirlerinin dogal ya da
kiiltiirel sartlar altinda melezlenmesi sonucu ortaya cikan bir
yonca kompleksi igerisinde yer alir (Avcioglu vd., 2009). Bu
tiiriin morfolojik varyasyonu oldukga genistir. Cigek rengi saridan
erguvana kadar degisebilmekte, ¢icek durumu salkim ya da
komeg biciminde olup baklalar1 helikon ya da orak bigimli
olabilmektedir. Ebeveynlerden hangisi ile geriye melezlenmisse
genotip o ebeveyne daha ¢ok benzemektedir. Bu da melez
yoncanin mor ¢icekli yaygin yonca ya da sar1 ¢icekli yonca
formlarina daha yakin tipleri igerdigi anlamina gelmektedir
(Humphries vd., 2021; Wang vd., 2023). Tirkiye’de o6zellikle
Dogu Anadolu yorelerinde (yliksek rakimli meralar) melez yonca
formlarinin bulundugu bildirilmistir.

Melez yonca, istiin adaptasyon kabiliyetiyle One
cikmaktadir. Soguk iklim kosullarinda, 6zellikle yaygin yoncanin
yetisemedigi bolgelerde tarimsal yonca iiretimine olanak saglar.
Ornegin, Kanada ve diger soguk kusaklarda yapilan genetik ve
popiilasyon c¢aligmalari, melez yonca kompleksinin hem sativa-
hem falcata 6zelliklerini tasidigini ve uzun émurlulik, donma
toleransi ile yliksek rakim adaptasyonunda avantajli oldugunu
gostermektedir (Wang vd., 2023). Bu o0zellikleri nedeniyle
tarimsal 1slah programlarinda melez yoncadan elde edilen genetik
materyaller, vejetasyonun dmriinii uzatma, kis hasarina ve ¢esitli
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stres faktorlerine dayaniklili@i artirma amach kullanilmigtir
(Humphries vd., 2021). Ancak verimi ve bazi agronomik
ozellikleri tam sativa tipi yoncalar kadar yiiksek olmamaktadir.

Melez yoncanin tarimsal degeri ve kullanim potansiyeli de
dikkat ¢ekicidir. Tiirkiye’de, yliksek rakimli ve zorlu kosullardaki
mera sistemi igerisinde diger yonca tiirlerine kiyasla daha iyi
ayakta kalabildigi ve besleme agisindan kabul edilebilir diizeyde
zenginligi  koruyabildigi bildirilmistir. Islah literatiiriinde,
tetraploid ve diploid kaynaklarin ¢aprazlanmasiyla elde edilen
melez kombinasyonlarin verim ve dayaniklilik acisindan
degerlendirilmesine yonelik ¢alismalar yapilmistir (Yun vd.,
2022). Bu gercevede melez yonca, genis adaptasyon havuzu ve
genetik  cesitliligi  sayesinde gelecegin  yonca ¢esitleri
gelistirilmesinde kilit bir rol oynamaktadir.

6. CALIMSI YONCA (Medicago arborea L.)

Calims1 yonca, Akdeniz ve Avrupa’nin giinesli ve kayalik
yamagclarinda dogal olarak yaygin bircok yillik baklagil yem
tiiriidiir. Ozellikle orman kenarlar1 ve giinesli egimli alanlarda 2
m’yi asan boya ulasabilen ¢alimsi formu ile 6ne ¢ikmaktadir. Tag
cap1 1,5-2 m diizeylerinde olabilmektedir. Bitki formu itibariyla
cali formuna benzer ve herdem yesil kalabilen bir yapidadir
(Avcioglu vd., 2009). Toprak segiciligi ¢cok yiiksek olmayip; iyi
drenajli, kurakliga dayanikli alanlarda basarili bir sekilde
yetisirken, golgeli, sik aga¢ alt1 ortamlari ise tercih etmez (De
Koning ve Duncan, 2000; Amato vd., 2004). Yaprakg¢iklarin alt
tarafinda giimiisi-yesil tiiyler olabilir ve gen¢ siirgiinler bu
ozellikleriyle ayirt edilebilir (De Koning ve Duncan, 2000).

Tarim ve mera sistemlerinde ¢alimsi yonca kullanim
potansiyeli dikkat cekici olmaktadir. Ideal kosullarda ilk yillarda
otlatma ya da bi¢imle degerlendirilebildigi, ruminantlar
tarafindan tercih edildigi ve yem olarak kaliteli oldugu
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gosterilmistir (Amato vd., 2004). Ayrica dekoratif bitki, ¢it bitkisi
ve erozyonu Onleyici amaglarla da kullanimi bulunmaktadir.
Giglii ¢ok dalli govdesi ve yayilict formu ile toprak tutumunu
saglar. Tohumla iiretimi kolaydir, ancak sert kabuklu tohum
yapist nedeniyle ¢imlenme oncesi fiziksel veya kimyasal 6n
islemler gerekebilmektedir (Travlos ve Economou, 2006; Kimura
ve Islam, 2012). Bu ozellikleriyle ¢alimsi yonca, Ozellikle
Akdeniz tipinde kurak, gevsek ve kayagli alanlarda hem yem
bitkisi hem de cevresel amagli kullanimi agisindan degerli bir
materyal olarak one ¢ikmaktadir.

10
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THE IMPORTANCE OF INTEGRATED PEST
MANAGEMENT TECHNIQUES IN
AGRICULTURAL ECONOMICS

Ahmed Wael Sabah THABET!
Aysun YENER OGUR?

1. INTRODUCTION

Agricultural pests pose a major threat to global
agricultural production. The rate of crop losses due to pests is
estimated to be between 20% and 40% worldwide each year,
reaching 40-50% in developing countries and around 25-30% in
developed countries. These losses represent a production shortfall
equivalent to the annual needs of more than one billion people,
highlighting the production gap caused by agricultural pests
(Thacker, 2002; Parsa et al., 2014). To overcome this problem,
the use of chemical pesticides has increased 15 to 20-fold since
the 1960s. However, this has not contributed to an effective
reduction in agricultural losses; on the contrary, it has led to
additional problems such as soil and water pollution, threats to
human health, and the emergence of pest species resistant to
pesticides (Oerce, 2006). In addition to these costs, direct and
indirect damage caused by arthropod pests, particularly insects
and mites, results in an annual economic cost of approximately
$500 billion worldwide (Culliney, 2014).

Therefore, increasing agricultural losses and the
environmental and economic disadvantages caused by pesticide
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use have highlighted the need for more sustainable and cost-
effective alternatives in pest control; in this context, integrated
pest management has emerged as a prominent approach (Altieri,
1995; Pretty, 2008).

Integrated pest management (IPM) is a management
approach that aims to keep pest populations below the economic
damage threshold and combines biological, cultural, mechanical,
and chemical control methods in line with ecological principles
(FAO, 2017a; Kogan, 1998). This approach is critical not only
environmentally but also economically, as it strengthens the
sustainability of the agroecosystem by reducing pesticide
dependency (Dent, 2000). Agricultural economics literature
shows that IPM practices significantly reduce pesticide use
without causing yield and income losses; on the contrary, they
increase producer welfare in the long term (Pretty & Waibel,
2005; Pimentel, 2009). Therefore, integrated control methods
occupy a strategic place in agricultural policy design in terms of
cost-effectiveness, reduction of externalities, and strengthening
of sustainable production structures (Norton et al., 2019).

Integrated Pest Management (IPM) has emerged as an
alternative agricultural system that combines biological,
agricultural, mechanical, and targeted chemical techniques,
aiming to reduce pesticide use and strike a balance between
economic efficiency and environmental protection. This system
Is considered a strategic step towards increasing agricultural
sustainability, improving resource use efficiency, and reducing
production costs in the long term.
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2. CONCEPTUAL FRAMEWORK
2.1. History of Science

The development of scientific thinking in the fight against
agricultural pests has been a fundamental process that determined
the emergence of modern plant protection approaches. The
institutionalization of entomology and plant pathology disciplines
in the late 19th century enabled the scientific study of the biology
and life cycles of harmful organisms, thereby increasingly
grounding control strategies in experimental evidence (Smith,
1969). Although the widespread use of synthetic pesticides in the
mid-20th century offered effective short-term solutions, the
increasing environmental and economic costs led to significant
criticism in scientific circles and highlighted the unsustainability
of pesticide dependence (Carson, 1962). This criticism paved the
way for a new approach to pest control centered on ecological
principles, and by the end of the 1950s, the concept of “Integrated
Pest Management (IPM)” began to appear systematically in
scientific literature (Stern et al., 1959). Integrated Pest
Management (IPM) is an agricultural approach that developed in
response to problems arising from the excessive use of chemical
pesticides after World War Il. Particularly in the United States
and Europe, strong resistance to pests emerged and ecological
balance was disrupted (FAO, 2024). The first official use of the
term “integrated control” appeared in a scientific study prepared
in 1959 by four American scientists: Stern, Smith, Van den
Bosch, and Hagen. In this study, the term “Integrated Control”
was proposed as an approach combining biological control with
limited pesticide use (Stern et al., 1959). Later, this term evolved
into “Integrated Pest Management (IPM)” in the late 1960s and
began to be used more widely by American research institutions
and agricultural extension programs. This concept was officially
adopted by the United States Department of Agriculture (USDA)
in the early 1970s (Kogan, 1998). By the 1980s, the Food and
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Agriculture Organization (FAO) and the United States Agency
for International Development (USAID) began promoting IPM in
developing countries. One of the most notable examples of these
programs is the “Farmer Field Schools” (FFS) initiative launched
by the FAO in Indonesia in 1989. This initiative was developed
as part of a project targeting the rice stem borer and marked a
significant turning point in transferring the IPM concept from
laboratories to fields. This approach enabled farmers to gain
knowledge about pest science and make informed pesticide
application decisions based on actual field observations (Van den
Berg, 2004).

The emergence of IPM is the result of a multidisciplinary
scientific transformation that considers not only the biological but
also the economic, environmental, and sociological dimensions
of pest management. This historical process provides an
important background for understanding why integrated pest
management holds a strategic position in today's agricultural
economy (Kogan, 1998). IPM programs have expanded
worldwide and have been incorporated into the national
agricultural policies of many countries. Turkey is among these
countries, and IPM practices are supported within the framework
of sustainable agriculture and environmental extension programs.

The fundamental reason why integrated pest management
approaches have a strong theoretical basis in agricultural
economics literature is that pest control is seen not only as
biological but also as an economic decision-making process
based on cost-benefit analysis. In pest control, the producer's
objective function is to establish a balance between marginal
damage and marginal control costs (Headley, 1972). In this
context, IPM is consistent with neoclassical economic models
that seek to define the “optimal” level of pesticide use, because
excessive pesticide use is both economically inefficient and
increases the cost of negative externalities (Hueth & Regeyv,

19



Ziraat

1974). The necessity of internalizing externalities makes IPM a
policy tool that reduces market failures. Furthermore, it is
emphasized that IPM carries dynamic economic value, as
sustainable production and the protection of natural enemy
populations ensure long-term productivity and welfare gains
(Norton & Mumford, 1993). Thus, IPM provides a framework
that maximizes producer profits at the microeconomic level and
increases social welfare at the macroeconomic level.

2.2. Historical Development of the Concept of
Economic Threshold

The concept of economic threshold is one of the most
important points where the scientific and economic foundations
of IPM intersect. First defined in the 1950s, this concept
established a scientific criterion for determining when chemical
control should be applied by identifying the level at which pest
density begins to cause economic loss (Stern et al., 1959). Studies
conducted in the 1960s and 1970s made the concept more
dynamic by indicating that the threshold is not fixed but varies
depending on product prices, control costs, pest biology, and
environmental factors (Pedigo et al., 1986). These developments
have transformed pesticide use from an automatic reflex into a
decision-making process based on economic rationality. Thus, the
damage threshold has become the key determinant that enhances
both the ecological and economic effectiveness of IPM.

2.3. The Historical Development of IPM in Turkey

The foundations of integrated pest management practices
in Turkey were laid in the 1960s with the institutionalization of
biological control research. Starting in the 1970s, the work carried
out by Agricultural Pest Control Research Institutes developed
the biological components of IPM, such as the identification and
mass production of local natural enemy species (Kadioglu &
Yoldas, 1998). In the 1990s, with increasing environmental
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awareness and the start of the EU harmonization process, the
widespread use of alternative methods to chemical control gained
importance at the policy level (Glincan & Efil, 1999). In the
2000s, the publication of “Integrated Control Technical
Instructions” and the promotion of certified production models
ensured the systematic adoption of IPM in practice (Ministry of
Agriculture and Forestry, 2010). In recent years, good agricultural
practices, the spread of biotechnical control methods, and more
frequent pesticide residue controls show that IPM in Turkey has
developed within a market-oriented and sustainability-focused
framework.

Graph 1. Distribution of publications related to IPM by year
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3. RESEARCH FINDINGS
3.1. Definition of Integrated Pest Management (IPM)

Integrated Pest Management (IPM) is a comprehensive
pest management system that aims to reduce the damage caused
by agricultural pests to acceptable economic levels. This system
is implemented through a combination of integrated tools that
bring together biological, agricultural, mechanical, and targeted
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chemical control methods, and is carried out within a monitoring
and observation framework based on an economic threshold
decision-making process.

IPM is defined by the Food and Agriculture Organization
(FAO) as “a harmonious use of all available control methods—
including biological, agronomic, cultural, mechanical, and
chemical methods—in pest control; an approach that minimizes
environmental damage and provides economic protection for
crops” (FAO, 2017b). The United States Environmental
Protection Agency (EPA) defines IPM as “a long-term strategy
for controlling pests, based on the combination of various control
techniques and taking into account the environmental, economic,
and social components of the agricultural system” (EPA, 2020).
The Turkish Ministry of Agriculture and Forestry defines
integrated pest management as “a pest management system that
considers the population dynamics of harmful species in
agricultural products and their relationship with the environment;
aims to use all available appropriate methods in an integrated and
coordinated manner; and seeks to keep pest density below the
economic damage threshold.” (Ministry of Agriculture and
Forestry of the Republic of Turkey, 2010).

3.2. The Importance of Integrated Pest Management
(IPM)

IPM is one of the fundamental components of modern
sustainable agricultural systems, providing multifaceted benefits
in terms of the environment, health, and economy. From an
environmental perspective, it is important that IPM reduces soil,
water, and air pollution caused by the indiscriminate use of
pesticides and contributes to the sustainability of ecosystem
balance by protecting natural enemies (Kogan, 1998; Dent, 2000).
From a health perspective, IPM reduces risks to consumers,
particularly by lowering pesticide residues; it also improves
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occupational health and safety by limiting agricultural workers'
exposure to toxic chemicals (Pimentel, 2009). From an economic
perspective, IPM increases farmer income and productivity by
reducing long-term costs associated with pesticide use, increasing
market value by improving product quality, and reducing losses
through preventive measures (Pretty & Waibel, 2005; Norton &
Mumford, 1993).

These multifaceted environmental, health-related, and
economic contributions demonstrate that the effectiveness of IPM
is based not only on theory but also on a series of complementary
practical components; therefore, the IPM implementation process
is approached within a holistic system logic, from monitoring and
decision-making to chemical control (Kogan, 1998; Dent, 2000).

1. Monitoring, Observation, and Decision Making

The monitoring and decision support process, one of the
most critical components of IPM, aims to regularly track pest
populations and initiate control at the right time. Regular manual
inspection of plants, monitoring population trends using
pheromone or sticky traps, and using economic injury level (EIL)
and economic threshold (ET) tables form the scientific basis of
the decision-making mechanism (Stern et al., 1959; Pedigo et al.,
1986). This approach reduces arbitrary pesticide applications,
thereby improving both yield and cost efficiency.

2. Cultural Control Methods

Cultural control consists of preventive practices that aim
to limit infestation at an early stage by creating conditions
unfavorable for pest proliferation. Crop rotation, use of resistant
varieties, planning planting time according to the pest population
cycle, destruction of plant residues after harvest, and adjusting
feeding and irrigation programs to increase plant resistance are
considered within this scope (Altieri, 1995; Dent, 2000). These
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methods are considered the first line of defense in IPM and often
significantly reduce the need for chemical control.

3. Biological Control

Biological control relies on the use of natural enemies—
predators, parasitoids, and pathogenic microorganisms—to
suppress pest populations. Common examples of this method
include the use of ladybug species against aphids, the release of
Trichogramma species against pest moth eggs, or the application
of Bacillus thuringiensis preparations against caterpillars (van
Lenteren, 2000). Biological control offers a solution that is
consistent with sustainability goals by reducing chemical
dependency.

4. Mechanical and Physical Control

Mechanical and physical methods aim to control pests by
directly removing them or physically altering their living
conditions. Examples of these methods include reducing
populations by capturing males with pheromone traps, controlling
flying pests with yellow sticky traps, using insect nets in
greenhouses, or applying heat/cold treatments in storage facilities
(Reed, 2001). Within IPM, these methods are highlighted as low-
cost alternatives with low environmental risk.

5. Chemical Control

Chemical control is applied in IPM according to the “last
resort” principle and is only used when the population exceeds
the economic damage threshold. Selective use of pesticides,
determining the application time based on monitoring results, and
adopting spot treatment techniques are important for reducing
both environmental risks and resistance development (Kogan,
1998; EPA, 2020). This approach provides a framework
consistent with the basic principles of IPM by controlling
chemical use. In IPM applications, control methods follow a

24



Ziraat

hierarchical structure, starting with preventive and ecological
approaches and progressing towards chemical control (FAO,
2017; EPA, 2020).

Integrated Pest Management (IPM) Hierarchy

Biological Control

Trapping and
Monitoring

Field Observations

Sanitation and
Land Preparation

Pest Identification
and Understanding

Figure 1. Hierarchical ranking of control methods in the
Integrated Pest Management (IPM) approach.

3.3. Economic Injury Threshold and Economic Injury
Level in the Context of EZY

The concepts of Economic Damage Level (EDL) and
Economic Damage Threshold (EDT), which form the basis of the
economic decision-making process in the Integrated Pest
Management (IPM) approach, define the point at which the pest
population causes product loss and the critical intensity at which
intervention should be initiated to prevent this loss; thus revealing
the balance between control benefits and control costs based on
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the time-dependent change in pest density (Stern et al., 1959;
Pedigo et al., 1986).
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The fundamental philosophy of Integrated Pest
Management (IPM) is to reduce economic damage without
completely eliminating pests; this is achieved by keeping pest
populations below predetermined critical levels. To this end, two
main scientific concepts have been developed that form the basis
for control decisions:

Economic Injury Level (EIL)

It is defined as the lowest density at which a pest (pest
population) can cause economic loss sufficient to justify control
costs (Pedigo et al., 1986). In other words, if the pest density is
below this level, the damage caused does not justify any
intervention.

Economic Damage Threshold (EDE)

This is the critical point at which control measures should
be initiated when the pest density approaches the economic
damage level. This concept was systematically developed by
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Stern and colleagues in 1959 and is widely used today to
determine the timing of intervention (Stern et al., 1959).

The Importance of Population Dynamics in Threshold
Determination

Understanding pest population dynamics plays a
fundamental role in accurately determining the economic damage
threshold and economic damage level within the scope of
Integrated Pest Management (IPM). Pest reproduction and
mortality rates, seasonal distribution and migration movements,
interactions with host plants and natural enemies, and climatic
factors such as temperature and humidity directly affect the
temporal variation in population density and necessitate a
dynamic approach to threshold values (Pedigo et al., 1986; Dent,
2000). Regular monitoring and analysis of these dynamics allows
for the initiation of control measures at the most appropriate time,
the correct selection of the method to be used (cultural, biological,
or chemical), and the prevention of unnecessary and costly
interventions when pest density is below the economic threshold
level (Stern et al., 1959; Norton & Mumford, 1993).

Problems in the Application of Imported Threshold
Values

Although the concepts of economic injury threshold (EIT)
and economic injury level (EIL) have a dynamic structure, in
many developing countries these threshold values are mostly
derived from research conducted in developed countries and
applied without being sufficiently adapted to local agroecological
and socio-economic conditions. This approach contradicts the
fundamental philosophy of the EIL/ELS concepts; because the
development of pest populations and the economic losses they
cause vary significantly depending on factors such as climatic
conditions, crop types, production systems, the economic and
social structure of farmers, and the composition of the natural
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enemy complex (Pedigo et al., 1986; Dent, 2000). Imported
threshold values used without considering local conditions lead
to unnecessary and costly interventions on the one hand, and on
the other hand, they fail to prevent pest densities from reaching
the actual economic damage level, thereby weakening the
effectiveness and economic rationality of IPM applications
(Norton & Mumford, 1993; Kogan, 1998).

3.4. Challenges Encountered in the Implementation of
Integrated Pest Management (IPM) and
Proposed Solutions

Farmers' Lack of Awareness and Knowledge

One of the main challenges is that farmers do not have
sufficient awareness of the concept of integrated pest
management (IPM) and its implementation mechanisms. Many
farmers do not have accurate information about the benefits of
this system, and some believe that IPM is less effective than
traditional chemical pesticides. Agricultural extension programs
need to be intensified by organizing educational seminars and
awareness campaigns in rural areas. In addition, demonstration
projects should be used to convince farmers of the effectiveness
of IPM.

Lack of Technical Support and Continuous
Monitoring

Many farmers do not receive adequate technical support
after starting IPM implementation, which leads to errors or failure
to sustain the application. It is important to establish agricultural
extension units that will operate continuously in the field and
provide regular advisory services through expert agricultural
engineers. Additionally, digital tools such as mobile applications
or helplines can be utilized to provide emergency support.
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High Initial Costs of IPM Implementation

Although IPM is economically advantageous in the long
term, the initial investment costs (e.g., trap purchase, diagnostic
equipment, technical consulting) can be a barrier for low-income
farmers.

Part of the initial costs should be covered by government
or cooperative support; in addition, joint financing models among
farmers through agricultural cooperatives or associations should
be encouraged.

Adherence to Traditional Agricultural Practices

Some farmers, especially those accustomed to using
traditional chemical pesticides, tend to continue using them
because they are easy to use. Positive examples of farmers who
have successfully implemented IPM should be disseminated,
highlighting the economic benefits these farmers have achieved.
In addition, marketing incentives such as labeling products as
“clean agricultural products” should be offered.

Lack of Coordination Among Relevant Institutions

In many cases, the development and dissemination of IPM
practices are hampered by the lack of effective coordination
between research institutions, agricultural extension services, and
the private sector. National-level coordination networks
involving stakeholders from research, extension, production, and
marketing sectors should be established; IPM should be included
as a strategic option in agricultural policies and development
plans.

Insufficient Biological Inputs and Supporting
Equipment

The inability to adequately supply IPM tools and
techniques, such as biological enemies or pheromone traps, poses
an obstacle to the widespread adoption of this system, especially
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in remote areas. Projects that support the local production of these
materials should be encouraged, and the private sector should be
incentivized to invest in this area. Additionally, until sufficient
local production is achieved, temporary customs facilitation
policies can be implemented for the import of these products.

4. CONCLUSIONS AND RECOMMENDATIONS

Modern agriculture is a complex system that must be
addressed holistically, not just in terms of pest management.
Ensuring agricultural sustainability is possible by reducing
chemical inputs, utilizing biological processes, and promoting
environmentally friendly practices. Integrated Pest Management
(IPM) is the fundamental approach for environmentally friendly
and effective pest control. Despite the advantages of IPM, cost
and implementation difficulties are significant barriers for small-
scale producers. The lack of international knowledge and
experience sharing is one of the main factors limiting the spread
of IPM. IPM systems should be adapted to each country's
ecological conditions and not directly transferred from other
regions. Increasing the local production of biological control
agents reduces costs in the long term and increases the
effectiveness of IPM. Effective implementation of IPM reduces
pesticide residue problems and enhances food safety, thereby
strengthening export potential. The success of IPM is directly
related to the knowledge level and education of producers.
Consequently, the widespread adoption of IPM is essential for
sustainable and environmentally compatible agriculture.

Publication and education programs should be
strengthened to increase farmers' knowledge and awareness of
EZY. The principles of EZY should be integrated into the
curricula of institutions providing agricultural education.
Research and development studies on biopesticides and plant

30



Ziraat

extracts as alternatives to chemical pesticides should be
supported. Regional cooperation networks should be established
among countries with similar product patterns for pest
management. State support and financial incentives should be
provided to encourage EZY practices. The production of local
biological control agents should be increased to reduce
dependence on imports. Consumer awareness of natural and
residue-free products should be increased, and sustainable
production should be encouraged. National inspection and
laboratory infrastructure should be strengthened to monitor
pesticide residues. GIS and remote sensing technologies should
be used to monitor pest populations and guide control efforts.
Studies containing economic comparisons between EZY and
conventional methods should be disseminated. National EZY
strategies appropriate to the ecological conditions of each region
should be developed. Cultural and agricultural control methods
should be made fundamental components of EZY programs.
Coordination between research institutions, publishing units, and
the private sector should be strengthened. Certification systems
(e.g., GlobalGAP) for producers implementing EZY should be
promoted. The effectiveness of EZY programs should be
regularly monitored and updated based on the results obtained.
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SOCIO-ECONOMIC IMPACTS OF
REGENERATIVE AGRICULTURE: AN
ASSESSMENT IN TERMS OF FARMER

WELFARE, RURAL DEVELOPMENT AND
FOOD SOVEREIGNTY

Osman inan¢c GUNEY!

1. INTRODUCTION

Today, agricultural systems are no longer limited to
production-oriented technical processes such as sowing, planting,
growing, and harvesting; they are facing a comprehensive
transformation process and crisis that have profound,
multidimensional impacts on the planet's ecological balance,
social justice, and economic sustainability. This crisis involves
environmental damage such as soil degradation, water depletion,
biodiversity loss, and contributions to climate change. It is also
exacerbated by social problems such as farmers' income
insecurity, rural poverty, and social inequalities. Furthermore,
economic challenges such as rising input costs, global market
dependence, and the marginalization of small-scale producers
compound the complexity of the agricultural crisis (Loring, 2022;
Bless, 2023; Schattman et al., 2023). This deepening agricultural
crisis is adversely affecting ecological balance, economic
sustainability, social justice, and rural subsistence lifestyles. In
particular, the ecological degradation caused by industrial
agriculture is increasingly evident in scientific data, bringing to
the forefront globally debated negative impacts such as decreased

L Prof. Dr., Cukruova Universitesi Adana Meslek Yiiksekokulu, ORCID: 0000-0002-
8467-2079.

35



Ziraat

soil fertility, habitat loss, and increased greenhouse gas emissions
(Schattman et al., 2023). Today, food systems fail to provide more
than a billion people with access to sufficient, healthy, and
equitable food, while increasing farmers' indebtedness and
undermining rural subsistence livelihoods (Loring, 2022).

The current crisis facing agricultural production systems
highlights not only the need for sustainability but also the need to
restore ecological balances and strengthen social structures. In
this context, regenerative agriculture stands out as a
comprehensive transformational approach that prioritizes not
only the development of environmentally sustainable production
systems but also the promotion of social justice, economic
resilience, and cultural continuity (Newton et al., 2020).

Regenerative agriculture encompasses a range of practices
that focus on improving soil health, increasing biodiversity, and
restoring soil carbon. However, it is not limited to improving
ecological processes; it is also considered a social movement
aiming to strengthen intercommunal solidarity and rebuild
producer-consumer relationships (Seymour & Connelly, 2023).
Consequently, regenerative agriculture aims to improve soil
health, restore ecosystem functions, and ensure the environmental
and social sustainability of agricultural production. This approach
offers a holistic production model based on principles such as
reduced use of external inputs, increased biodiversity, and
activation of local knowledge systems (Newton et al., 2020;
Voisin et al., 2024; Loring, 2022; Schreefel et al., 2022).

In practice, regenerative agriculture includes practices
such as cover cropping, no-till production, promotion of organic
matter cycling, increased perennial plant diversity, and integrated
animal grazing (Voisin et al., 2024). However, these practices
should not be evaluated solely on ecological indicators. The
social impacts of regenerative systems, such as reducing rural
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migration, promoting gender equality, and strengthening the
market presence of smallholder farmers, are at least as critical as
their environmental benefits. Indeed, research demonstrates that
regenerative agriculture has the potential to provide economic
stability and increase production security, particularly for
smallholder farmers (Alexanderson et al., 2024; Otara et al.,
2023). However, significant structural barriers remain to the
widespread adoption of these practices. Factors such as lack of
political support, market uncertainties, inequality in access to
information, and cultural resistance make it difficult to
disseminate regenerative agriculture to the public (Schreefel et
al., 2022).

Globally, agricultural production systems are responsible
for approximately 25% of greenhouse gas emissions and one-
third of terrestrial biodiversity loss (Schreefel et al., 2022).
Conventional agricultural practices, such as intensive tillage,
long-term monocultures, excessive water use, and reliance on
synthetic inputs, are both driving climate change and severely
weakening ecosystem services (Voisin et al., 2024). In this
context, regenerative agriculture goes beyond traditional
sustainability approaches, offering a holistic production approach
that aims not only to reduce environmental impacts but also to
repair degraded ecosystems, rebalance the carbon cycle, and
renew natural resources (Newton et al., 2020; Alexanderson et al.,
2024).

Recent research has shown that regenerative practices can
increase soil organic carbon by up to 15%, improve water-
retention capacity, and enhance biodiversity (Schreefel et al.,
2022; Voisin et al., 2024). These effects increase the capacity of
agricultural ecosystems to adapt to climate change and strengthen
their resilience to extreme climate events (Alexanderson et al.,
2024). However, regenerative agriculture is not limited to
environmental benefits alone; it also plays a critical role in food
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security, economic resilience, and social equity. By reducing
reliance on external inputs and activating local knowledge
systems, income stability among smallholder farmers and food
access in rural communities improve significantly (Otara et al.,
2023; Seymour & Connelly, 2022).

The global expansion of regenerative agriculture is still
limited due to structural barriers at various levels. Lack of
political support, inequitable access to information, market
uncertainty, and cultural resistance are major factors hindering
the widespread adoption of this approach (Dudek & Rosa, 2023;
Klauser, 2025). Therefore, to make regenerative agriculture an
effective climate-adaptation and food-security strategy, it is
critical to redesign agricultural policies, strengthen regional
knowledge networks, and ensure integration into global carbon
markets.

Examining the socio-economic  dimensions  of
regenerative agriculture allows us to demonstrate whether this
approach offers an inclusive transformation model based on
principles such as social justice, resilience, and the common
good, and whether it extends beyond environmental and technical
applications. This section will discuss the impacts of regenerative
agriculture on farmer welfare, rural development, social
inclusiveness, food sovereignty, and producer-consumer relations
within the framework of current academic literature. This will
provide a more holistic assessment of its contributions, from local
livelihood sustainability to the creation of equitable and resilient
food systems globally.

2. FARMER WELFARE AND LIVELIHOODS

Regenerative agriculture has the potential to strengthen
the economic resilience of farmers, particularly for small and
medium-sized enterprises. This production model contributes to
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the diversification of livelihoods by reducing input costs,
improving access to local markets, and creating new income
models such as carbon markets, local food systems, and value-
added products (Voisin et al., 2024; Dudek & Rosa, 2023).

Comparative studies in the UK and US show that
regenerative systems offer lower input costs and higher net profits
than conventional systems. For example, in the US, regenerative
maize farms have been reported to achieve 70% higher net profits
than conventional systems; this difference is attributed to lower
fertilizer and pesticide use and to diversified production models
(Voisin et al., 2024). Similarly, field studies conducted in Poland,
the Czech Republic, and Slovakia found that large farms where
regenerative practices were widespread achieved higher
economic efficiency and incurred lower energy, labor, and
chemical input costs (Dudek & Rosa, 2023). These farms are not
only economically strong but also readily adaptable to
regenerative systems owing to their investments in production
technologies and local knowledge.

However, the impact of regenerative agriculture practices
is not limited to economic indicators. Research shows that this
approach also strengthens farmers' subjective well-being.
According to research by Hargreaves-Méndez and Hotzel (2023),
most regenerative farmers identify satisfaction with their
production, connections with nature, and strengthened
relationships with their communities as key components of their
well-being. This demonstrates that regenerative agriculture
improves not only economic dimensions but also psychosocial
dimensions.

Field studies conducted in Australia offer similar results.
Farmers who switch to regenerative practices report that the
burnout, hopelessness, and economic pressure they experienced
in their previous production systems have significantly decreased,
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while the personal satisfaction associated with production
processes that are more compatible with nature has increased
(Gosnell et al., 2019). Similarly, Alexanderson et al.'s (2024)
study reveals that regenerative practices strengthen the capacity
to adapt to climate change; in particular, the increase in soil
organic carbon plays a decisive role in farmers' long-term
production security. Field research conducted in Kenya by Otara
et al. (2023) suggests that regenerative practices have the
potential to increase income diversification and enhance
production security for farmers. However, the study also
highlights farmers' hesitation to adopt these practices due to
factors such as a lack of knowledge, high initial costs, and labor
requirements.

3. SOCIAL TRANSFORMATION AND
RESILIENCE IN RURAL SOCIETIES

The potential of regenerative agriculture is not limited to
ecological indicators such as soil, water, and biodiversity; it also
has the power to rebuild the social structure, collective resilience,
and cultural continuity of rural communities. In this context,
regenerative agriculture represents not only a production
technique but also a broader approach that is seen as the
restoration of land-related ways of life (Gordon et al., 2022).

Social resilience refers to the capacity not only of
individuals but also of entire rural communities to adapt to
environmental, economic, and social stresses and to emerge
stronger from them. Regenerative agriculture contributes to this
process by increasing farmers' self-sufficiency at the individual
level and reestablishing shared learning, co-production, and
mutual aid at the community level (Gosnell et al., 2019; Massy,
2018).

40



Ziraat

In particular, field studies conducted in Australia and New
Zealand have shown that regenerative agriculture practitioners
see the production process not only as an economic activity but
also as a practice of “community building” and “reconnecting
with nature” (Seymour & Connelly, 2023). These farmers define
regenerative agriculture not only as an agricultural transformation
but also as a personal and social one. Individuals who reconnect
with the land are reported to create collective structures to which
they feel a sense of belonging, and these structures, in turn,
increase resilience.

However, the adoption of regenerative practices does not
always garner community support. Research in Australia has
reported that some farmers were excluded from their local
producer communities after adopting regenerative practices,
resulting in weakened social relationships (Alexanderson et al.,
2024). This demonstrates the need for social support for
agricultural transformation, indicating that community-level
acceptance, not just individual efforts, is crucial.

Community-supported agriculture (CSA), cooperatives,
producer associations, and knowledge-sharing networks are
social structures that facilitate the integration of regenerative
agriculture with rural development. Through such structures,
producers are empowered not only economically but also
socially. Shared learning, social solidarity, and collective
awareness magnify the social impacts of regenerative agriculture
(Gordon et al., 2023; Gosnell et al., 2020).

Moreover, some studies emphasize that farmers develop
regenerative practices through community-based knowledge
systems, with "indigenous knowledge” and “experiential
learning™ playing a central role in this process. This suggests that
regenerative agriculture should be based not only on technical
knowledge but also on cultural and social knowledge (Soloviev
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& Landua, 2016). In short, the social impacts of regenerative
agriculture on rural communities are multifaceted. They
encompass a wide spectrum, from individual transformation to
collective organization, from resilience to the rebuilding of social
bonds. However, for this transformation to be sustainable, social
policymakers, rural organizations, and local governments must
play a supportive role.

4. FOOD SOVEREIGNTY AND CONSUMER
AWARENESS

Regenerative agriculture is not just a mode of production;
it is also an approach that promises a radical transformation in
producer-consumer relationships. In this context, food
sovereignty—people's right to access and produce healthy,
culturally appropriate, and environmentally sustainable food—
stands out as a fundamental principle of regenerative agriculture
(Bless, 2023). Such food sovereignty offers a holistic framework
encompassing not only food security but also production
processes, local knowledge, land rights, and fair trade.

Consumer awareness is an integral part of this process.
Factors such as transparency in production, the preference for
local and seasonal products, and the observance of ethical values
in regenerative systems directly influence consumer decisions.
Especially in the post-pandemic period, consumption models that
focus directly on the producer (e.g., Community Supported
Agriculture (CSA)) have accelerated the expansion of
regenerative production (Loring, 2022). These developments
represent a new level of awareness in which consumers evaluate
not only the quality of the product but also the social and
ecological impacts of the production process.

The impact of regenerative agriculture on consumer
behavior is not limited to choice. This system also has the
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potential to restore economic justice by disintermediating the
relationship between consumers and producers. Through direct
sales, producer markets, and digital food networks, farmers
increase their incomes, while consumers have access to healthier
and more traceable products (Rhodes, 2017; Dudek & Rosa,
2023). Despite these positive developments, one of the main
obstacles to the widespread adoption of regenerative products is
the uncertainty surrounding their standardization and labeling.
Because there is currently no globally recognized "regenerative
agriculture certification,” consumers may have difficulty
verifying whether products are regenerative (Loring, 2022; Bless,
2023).

Ultimately, not only producer motivations but also
consumer awareness, accessibility, and ethical values play a
decisive role in the widespread adoption of regenerative
agriculture. Therefore, regenerative food systems constitute a
holistic framework that requires transformation of both supply
and demand. True food sovereignty requires a transformation not
only of the mode of production but also of the meaning attributed
to food.

5. CONCLUSION AND POLICY
RECOMMENDATIONS

Regenerative agriculture is considered not only an
ecological restoration model but also a powerful framework for
social transformation, rural development, and the restoration of
justice in food systems. With its multifaceted impacts, such as
improving farmer welfare, strengthening rural communities,
establishing direct relationships between producers and
consumers, and supporting cultural sustainability, regenerative
agriculture offers a holistic alternative to current agricultural
production systems (Loring, 2022; Bless, 2025). However,
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realizing this potential requires multi-layered and comprehensive
policies that go beyond individual efforts.

In this regard, cooperative structures, learning networks,
and regional information centers should be established to
encourage the sharing experiences among farmers, given that
regenerative agriculture relies on local knowledge systems
(Soloviev & Landua, 2016). Furthermore, to mitigate economic
risks during the transition period, microcredit systems accessible
to small producers, income-generation opportunities through
carbon certificates, and public funds to support the transition
should be established (Dudek & Rosa, 2023). Furthermore, a low-
cost, accessible, and reliable certification system is needed to
enable consumers to distinguish products derived from
regenerative production. Such a system would not only increase
transparency in the market but also strengthen consumer
confidence (Voisin et al., 2024).

To increase social inclusion, special support mechanisms
should be developed for women, youth, and indigenous peoples,
and the effective participation of these groups in decision-making
processes should be ensured (Hargreaves-Mendez & Hotzel,
2023). Meanwhile, educational programs, public service
announcements, and community-based initiatives supporting
local food chains should be encouraged to raise consumer
awareness. This can help build public awareness of food based on
food sovereignty, local knowledge, and a production approach in
harmony with nature (Loring, 2022).

Ultimately, regenerative agriculture offers not only an
approach that improves environmental outcomes but also a
holistic transformation model that reshapes social justice,
economic resilience, and cultural continuity. However, the
success of this model is not limited to changes in agricultural
practices; it also necessitates fundamental transformations in
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political, economic, and social structures. Therefore, true success
in societies that adopt regenerative agriculture will require not
only the transformation of farmers but also the active
participation of policymakers, researchers, and consumers.
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ARONYA MEYVESINDE POLIFONOL
OKSIiDAZ ENZiMi

Dudu DEMIiR!

1. GIRIS

Aronya, Rosaceae familyasi i¢inde yer alan ve Aronia
cinsine ait bir bitkidir. Bu cins igerisinde (¢ temel tir
bulunmaktadir: mor meyveli Aronia prunifolia (Marsh.), siyah
meyveli Aronia melanocarpa (Michx.) Elliott ve kirmizi meyveli
Aronia arbutifolia (L.) Elliott. Ingilizcede “chokeberry” olarak
adlandirilan aronya, meyve rengine gore farkli tiirler altinda
smiflandirilmaktadir (Hardin, 1973; Kulling ve Rawel, 2008;
Baltaci, 2023; Eskimez ve Polat, 2023).

Aronia melanocarpa’nin anavatani, Kuzey Amerika’nin
dogu bolgeleridir (Kulling ve Rawel, 2008; Borowska ve
Brzdska, 2016). Bitki, genellikle 1,2-2,4 m arasinda degisen bir
boya sahiptir ve yaprak ile govde yiizeyinde ya hig tiy bulunmaz
ya da ¢ok az miktarda tlylenme gorilur. Vejetasyon donemi
boyunca koyu yesil renkte olan yapraklar, sonbahar aylarinda
turuncu, kirmizi ve sar1 tonlarina doniiserek belirgin bir
renklenme gostermektedir. Cicekleri beyaz renkte olup
cogunlukla mayis ayinda agmaktadir. Meyveler 0,8-1,3 cm
capinda, yuvarlak formda ve koyu renklidir. Olgunlagma siireci
yaz sonuna dogru tamamlanmakta ve meyveler genellikle agustos
aymin sonlarinda hasat olgunluguna ulagsmaktadir. Hasat
edilmedigi ve yeterli sulama saglanmadigt durumlarda,
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meyvelerin dal iizerinde burusarak kurumaya basladigi
bildirilmektedir (Brand, 2010; Berlin ve Zuzek, 2017).

Aronia arbutifolia, genellikle 1,8-3,0 m arasinda degisen
boya ulasabilen ve dik gelisme gosteren bir c¢ali formundadir.
Yapraklari ters yumurta bi¢giminde olup, alt yiizeyi gri tonlarda ve
belirgin sekilde tiiylii, list yiizeyi ise parlak yesil renktedir.
Vejetasyon donemi sonunda yapraklar karakteristik olarak
kirmizi renge doniismektedir. Bitki, yaklasik 3,5-4,0 cm ¢apinda,
salkim yapisinda ve beyaz renkli ¢igekler olusturmaktadir.
Ciceklenme donemi cogunlukla mayis ayina rastlamaktadir.
Kirmizi renkli meyveler yaz sonuna dogru gelisimini
tamamlamakta ve eylil aymin sonlarina dogru olgunlagsma
stirecine girmektedir (Brand, 2010).

Aronia prunifolia’nin, kirmiz1 meyveli (A. arbutifolia) ile
siyah meyveli (A. melanocarpa) tiirler arasinda dogal bir melez
form oldugu kabul edilmektedir. Bu tiirtin meyveleri mor ile siyah
arasinda degisen koyu tonlara sahiptir. Bitkinin gévde ve yaprak
yilizeyindeki tiiylenme diizeyi ise, kirmizi ve siyah meyveli tiirlere
kiyasla ara Ozellikler gostermektedir. Bu yoniyle A. prunifolia,
morfolojik Ozellikleri bakimindan her iki tiirtin karakteristik

Ozelliklerini kismen yansitan bir yap1 sergilemektedir (Brand,
2010).

Avrupa’da en yaygin aronya cesitleri arasinda ‘Aron’
(Danimarka), ‘Rubin’ (Rusya), ‘Nero’ (Cek Cumhuriyeti),
‘Fertddi’ (Macaristan), ‘Kurkumachki’, ‘Viking’ (Finlandiya),
‘Hugin® (Isveg), ‘Albigowa’, ‘Ahonnen’, ‘Autum Magic’,
‘Dabrowice’, ‘Egerta’, ‘Kutno’, ‘Nova’ ‘Wies’, ‘Hakkija’,
‘Serina’, ‘McKenzie’, ‘Morton’, ‘Galicjanka’ (Polonya), ‘Nero’,
‘“Viking’ (Tirkiye) yer almaktadir (Snebergrova vd., 2014;
Baltaci, 2023).

Yiiksek antioksidan igerigi ve kanserli hiicreleri yok etme
potansiyeline sahip oldugundan dolay1 aronyaya ‘sliper meyve’
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de denilmektedir. Aronya antioksidan, mineral, vitamin ve
fenoller  (fenolik asitler, flavonoidler ve flavanoller,
proantosiyanidinler, antosiyaninler) agisindan olduk¢a zengindir
(Jurikova vd., 2017; Watrelot ve Bouska, 2022; Melek, 2023).
Ozellikle, antosiyaninler, flavonoidler ve proantosiyanidinler gibi
biyoaktif fenolik bilesiklerin onemli bir kaynagidir (Kulling ve
Rawel, 2008). Fenolik bilesiklerin i¢inde ise ozellikle siyanidin
tiirevleri seklindeki antosiyaninler dikkat ¢cekmektedir (Jurikova
vd., 2017).

Polifenolik bilesiklerin 6tesinde, aronya meyvelerinin C
ve E vitaminleri basta olmak tizere B12 ve D vitamini hari¢ tim
vitaminleri i¢erdigi; potasyum, kalsiyum, magnezyum, sodyum,
demir ve ¢inko gibi mineral elementlerin yani sira karotenoidler,
pektinler ile tartarik, malik ve sitrik gibi organik asitler ve
klorojenik asit ile folik asit, ayrica daha kii¢iik miktarlarda
bulunan karbonhidratlar bakimindan da zengin oldugu
bildirilmektedir (Borowska ve Brzdska, 2016; Jurikova vd., 2017;
Deng vd., 2021; Zhao vd., 2021; Christiansen vd., 2022; Melek,
2023). Bu biyoaktif bilesiklerin zenginligi sayesinde aronya
tiirleri, meyveler arasinda besinsel ve fonksiyonel acidan {ist
siralarda yer almaktadir. Yapilan c¢alismalarda aronyanin
antiaterosklerotik, hipotansif ve antiplatelet etkiler sergiledigi
(Borowska ve Brzoska, 2016) ve oOzellikle Kkalp ile
kardiyovaskiiler sistem saglig1 iizerinde olumlu sonuglar ortaya
koydugu bildirilmistir (Kulling ve Rawel, 2008; Broncel vd.,
2010; Sosnowska vd., 2016). Bunun yani sira, aronya
meyvelerinin igerdigi biyoaktif bilesenler sayesinde kronik
hastaliklarin 6nlenmesi ve yoOnetimiyle iligkili genis bir etki
alanina sahip oldugu ve bu yoniiyle fonksiyonel gida olarak

onemli bir potansiyel tasidigr vurgulanmaktadir (Jurikova vd.,
2017).

Aronya meyveleri hem in vitro hem de in vivo olarak
gastroprotektif (mide dlseri), hepatoprotektif, antiproliferatif
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aktiviteler (0rnegin kolon kanseri), diyabetin Onlenmesi ve
tedavisi gibi diger biyolojik, sagligi destekleyici etkiler de
sergiledigi  bildirilmis (Kowalczyk vd., 2004; Valcheva-
Kuzmanova vd., 2005; Valcheva-Kuzmanova ve Belcheva, 2006;
Jurgonski vd., 2008; Ciocoiu vd., 2013) ve o6zellikle yiksek
fenolik icerikleriyle iliskili antioksidan 6zellikleri nedeniyle de
¢ok sayida klinik arastirmada da incelenmistir (McGhie ve
Walton, 2007; Rodriguez-Mateos vd., 2014; Lee vd., 2014,
Bolling vd., 2015; Toli¢ vd., 2017; Jurikova vd., 2017).

Bu bulgulara ek olarak, aronya meyvelerinin farkli
farmakolojik etki mekanizmalar1 {izerinden genis bir terapdtik
potansiyele sahip oldugu cesitli ¢alismalarda rapor edilmistir.
Aronya, anti-diyabetik, anti-enfektif, anti-obezite ve antioksidan
etkilerin yan1 sira kalp, karaciger ve sinir sistemini koruyucu
ozelliklere de sahiptir. Bu meyvenin tiiketimi, kronik hastalik
riskini azaltarak genel sagligi iyilestirebilir (Ren vd., 2022;
Ozturk, 2025). Aronya meyvelerinin potansiyel anti-grip
Ozellikleri de bildirilmistir (Gramza-Michatowska vd., 2017,
Oztiirk, 2025).

Bunlara ek olarak, bagisiklik sistemini ve metabolizmay1
gliclendirici etkisi de bulunmaktadir. Ayrica, soguk alginligi,
mide rahatsizliklari, karaciger, bagirsak hastaliklar1 ve radyasyon
zehirlenmesi tedavisinde de kullanilmaktadir (Deng vd., 2021;
Melek, 2023). Ayrica, bitkinin ana biyoaktif bilesikleri olan
ursolik asit ve kuersetin, anti-COVID-19 aktivitesi gostermis ve
terapdtik potansiyelleri klinik ¢alismalarda kapsamli bir sekilde
incelenmistir (Al-Kuraishy vd., 2022; Oztiirk, 2025). Aronya
meyvesinin hem gida sanayinde hem de eczacilikta kullanilarak
gelecek vadeden bir saglik meyvesi oldugu soylenmektedir.
Aronya meyvesi, ¢cay, meyve suyu, regel, sos, surup gibi degisik
sekillerde tiiketilmektedir. Ayrica, dogal gida renklendirici ve
besin takviyesi olarak da kullanilmaktadir (Efenberger-
Szmechtyk vd., 2021; Melek, 2023).
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Yuksek antioksidan 0Ozellikleriyle bilinen aronya
meyveleri, gida, endistriyel ve saglik sektorlerinde genis
kullanim alanlar1 bulmalar1 nedeniyle son yillarda giderek artan
bir ilgi géormektedir. Hasat sonrasi orta diizeyde dayaniklilik
sergilemelerine karsin, meyvelerin yiliksek nem igerigi, hassas
kabuk yapisi ve hizli olgunlasma siireci raf dmiirlerinin nispeten
kisa olmasma neden olmaktadir. Buna ¢k olarak, aronya
meyveleri isleme siireclerine veya mekanik hasara (6rnegin
meyve suyu, pire ya da ekstrakt Oretimi sirasinda) maruz
kaldiklarinda, 6zellikle artan polifenol oksidaz (PPO) aktivitesine
bagli olarak enzimatik esmerlesmeye olduk¢a duyarlidir (Wilkes
vd., 2014; Oztiirk, 2025). Enzimatik esmerlesme, aronya da dahil
olmak Uizere birgcok meyvenin raf 6mrina, lezzetini, gérinimaina
ve besin degerini azalttig1 i¢in bilinen ve dnemli bir sorundur. Bu
nedenle, esmerlesmeye neden olan PPO enziminin karakterize
edilmesi onemlidir (Demir vd., 2023a; Oztiirk, 2025).

Enzimatik esmerlesme, gidalarda dogal olarak bulunan
polifenol oksidaz enziminin katalitik etkisiyle meydana gelen bir
reaksiyondur. Bu olay ozellikle meyve ve sebzelerde hasat,
tasima, depolama ve isleme asamalarinda ortaya ¢ikar ve iirliniin
renk, tat, aroma gibi duyusal ozellikleri ile besin degerinde
olumsuz degisimlere neden olur. Soyma, kesme, dilimleme,
dograma ve rendeleme gibi mekanik islemler ile depolama
sirasinda olusan ani sicaklik degisimleri, bitkisel dokularda
hiicresel biitiinliigiin bozulmasina yol agar. Doku hasar1 sonrasi
fenolik bilesikler ve PPO enzimi oksijenle temas eder; bu
etkilesim sonucunda fenolik bilesikler kinonlara oksitlenir ve
kinonlarin ardisik reaksiyonlar ile polimerizasyonu, melanin
olarak adlandirilan kahverengi pigmentlerin olusumuna neden
olur (Moon vd., 2020). Enzimatik esmerlesme, fenolik endojen
bilesiklerin kararsiz kinonlara oksidasyonu ve bu kinonlarin
siyah, kahverengi ve kirmizi pigmentlere polimerizasyonu ile
iligkilidir (Demir vd., 2012). Bu siirecte temel rolii listlenen PPO,
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dogada yaygin olarak bulunan bir enzim olup yalnizca bitkilerde
esmerlesmeden degil, hayvanlarda melanizasyon siirecinden de
sorumludur (Dogan ve Salman, 2007; Nixha vd., 2019).

Enzimatik esmerlesme reaksiyonlari, hasat, hasat sonrasi
isleme ve depolama sirasinda ve gida endiistrisinde sebze, bitki
ve meyvelerin iglenmesi sirasinda kalite kaybiin baslica
nedenleridir. Enzimatik esmerlesme, gidanin goriiniimiind,
organoleptik 06zelliklerini ve duyusal ¢ekiciligini bozar; bu
nedenle, gida muhafazasi i¢in PPO inaktivasyonu tercih edilir.
Enzimatik esmerlesme, ayn1 zamanda hem isleyiciler hem de
tiketiciler igin ekonomik bir sorundur (Demir vd., 2012). Bu
nedenle, gida teknolojisinde istenmeyen bir stre¢ olan enzimatik
esmerlesmenin engellenmesi gerekir (Yerlitiirk vd., 2008; Demir
vd., 2023b). Ancak kakao, kahve ve siyah cay isleme gibi bazi
diger siireglerde, enzimatik esmerlesme, lezzetli iiriinler iireterek
iceceklerin kalitesini artirdig1 i¢in bir dereceye kadar faydalidir
(Yoruk ve Marshall, 2003). Enzimatik esmerlesmenin hizi ve
dizeyi polifenol oksidaz enzimlerinin aktivitesi tarafindan
belirlenmekte olup, enzimatik esmerlesme diizeyleri ayrica
fenolik bilesiklerin sayis1 ve yapisi, oksijen, metal iyonlari,
indirgeyici ajanlar, sicaklik ve pH araligina baghdir (Yerlitiirk
vd., 2008; Demir vd., 2013b, Moon vd., 2020).

Polifenol oksidaz enzimleri, bakir i¢ceren metaloproteinler
grubuna ait enzimlerdir ve funguslar, bakteriler, hayvanlar ve
bitkiler dahil olmak iizere neredeyse tiim canli organizmalarda
bulunurlar (Yerlitirk vd., 2008; Demir vd., 2013b). Bu genel
dagilimlarinin yam sira, 6zellikle bitki polifenol oksidazlarinin
enzimatik esmerlesme siireclerinde, organizmalarin biyotik ve
abiyotik strese karsi savunmasinda, bitkilerin patojen ve
zararlilara karsi korunmasinda, biiyiime ve gelisme ile iligkili
fizyolojik islevlerde ve ayrica gida endiistrisinde dnemli roller
iistlendigi belirtilmistir (Mayer ve Harel, 1979; Mayer, 2006;
Sahbaz vd., 2009; Demir vd., 2013b).
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Polifenol oksidaz enzimleri, substrat Ozgulltkleri ve
katalitik etki mekanizmalarindaki farkliliklara bagli olarak ii¢ ana
grupta siniflandirilmaktadir. Bunlar; orto-difenolleri oksitleyen
katekolaz (EC 1.10.3.1), genis bir fenolik bilesik grubuna etki
edebilen lakkaz (EC 1.10.3.2) ve hem monofenollerin
hidroksilasyonunu hem de orto-difenollerin oksidasyonunu
katalizleyen tirozinaz (EC 1.14.18.1) enzimleridir (Demir vd.,
2021). Bakir igeren oksidorediiktaz enzimi olan polifenol
oksidaz, monofenollerin o-hidroksilasyonunu o-difenollere
katalizler ve ayrica o-dihidroksi fenollerin o-kinonlara ilave
katalitik oksidasyonunu da sergiler (Nixha vd., 2013).

Polifenol  oksidaz enzimleri; besinsel, cevresel,
biyomedikal ve farmasétik uygulamalarda, 6rnegin kisisel bakim,
kagit, kozmetik, gida, tekstil, atik su aritimi, biyolojik sivilarin
analizleri, biyoyakit hiicrelerinin iiretimi ve pestisit kalintilarinin
tespiti i¢cin kullanilan biyosensorler gibi alanlarda tercih
edilmektedir (Yildiz vd., 2022). Ayrica, PPO saglik ve tip dahil
olmak tiizere bircok alanda yaygm olarak kullaniimaktadir.
Alzheimer ve Parkinson hastaliklarini tedavi etmek ic¢in yeni
ilaglar Uretme cabalarinin odak noktasidir.  Yenilebilir
funguslardan ekstrakte edilen polifenol oksidaz enzimi
kullanilarak antikanser potansiyele sahip yeni bir biyolojik ajan
gelistirilmigtir.  S6z konusu polifenol oksidaz enziminin,
yumurtalik, akciger, meme ve prostat kanseri hiicre hatlarina
karst belirgin antikanser etki gosterdigi rapor edilmistir (Yuan
vd., 2022).

Bu genel bilgiler 1s181inda, aronya meyvesinde bulunan
polifenol oksidaz enziminin aktivitesi ve teknolojik 6nemi
tizerine gerceklestirilen ¢alismalar da arastirmacilarin dikkatini
cekmistir. Bununla birlikte, polifenol oksidaz enzimi pek ¢ok
bitkisel ve farkli kaynaktan elde edilerek kapsamli bicimde
incelenmis olmasina ragmen (Arslan vd., 2004; Yerlitirk vd.,
2008; Dogan vd., 2011; Mishra vd., 2012; Dogan vd., 2013;
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Ozlem, 2016; Dogan vd., 2016; Gul Guven vd., 2017; Dogan vd.,
2018; Yildiz vd., 2022; Sarsenova vd., 2023) aronya meyvesine
0zgi polifenol oksidaz enziminin 0zellikleri, aktivitesi ve
teknolojik etkileri siirli sayida calisma ile ele alinmistir. Bu
durum, aronya meyvesindeki PPO enzimine yonelik ayrintili
aragtirmalarin bilimsel ve teknolojik a¢idan 6nemini daha da
artirmaktadir.

2. ARONYA MEYVESINDE POLIFENOL
OKSIDAZ ENZIMi CALISMALARI

Yiiksek basingli isleme yoOnteminin, aronya meyvesi
puresinin raf dmru Uzerindeki etkileri ticari 6l¢ekte uygulanabilir
bir modelde degerlendirilmistir. Yiiksek basingh isleme
yonteminin mikrobiyolojik (aerobik mezofilik bakteri sayimu,
maya ve kiifler), fizikokimyasal (renk, Brix, pH, toplam ¢dzinur
kat1 madde, titre edilebilir asitlik, polifenol oksidaz ve peroksidaz
(POD) aktiviteleri) ve besinsel (toplam fenolik madde igerigi,
fenolik profil, antioksidan aktivite) 6zellikler Gizerindeki etkileri,
geleneksel 1si1l igslem ile karsilastirilarak 20 haftalik depolama
boyunca kapsamli bir sekilde incelenmistir. Geleneksel 1s1l islem
ve yliksek basingli islemenin PPO iizerindeki etkilerinin, POD’a
kiyasla farklilik gosterdigi belirlenmistir. Her iki islem
sonrasinda aronya meyve piresinde PPO kalan enzim
aktivitesinin anlamli diizeyde azaldigi (%100,17 = 0,90’dan
sirastyla 9%76,47 £ 2,61 ve %74,86 + 4,13) saptanmistir. Bu
sonuglar, PPO enziminin hem 1siya hem de basinca duyarl
oldugunu ortaya koymaktadir. Islem uygulanmis érneklerde PPO
kalan enzim aktivitesi, ilk 12 hafta boyunca kademeli olarak
azalmig, daha sonra calisma siiresinin sonuna kadar %50-60
seviyelerinde sabit kalmistir. POD’da gozlenen egilime benzer
sekilde, islem gormemis aronya meyve piliresinde PPO kalan
enzim aktivitesi ilk 6 haftada hizli bir diislis gdstermis, izleyen
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donemde ise artis egilimi sergilemistir. Bu degisimin, toplam
¢Oziiniir kati madde icerigindeki artisla paralellik gosterdigi ve
orneklerdeki mikrobiyal gelisimle iliskili oldugu
diistiniilmektedir. Bu durum, mikrobiyal faaliyetlerin PPO kalan
enzim aktivitesi iizerinde etkili olabilecegini gostermektedir. Elde
edilen bulgular, yiiksek basingl isleme ve geleneksel 1s1l islem
yontemlerinin sogukta depolama kosullarinda piirenin raf mriinii
16 haftaya kadar uzatmada esit derecede etkili oldugunu
gostermistir.  Bununla birlikte, yiiksek basingli  isleme
yonteminin, geleneksel 1s1l isleme kiyasla iiriin rengini daha iyi
korudugu, daha yiiksek fenolik bilesik miktar1 ile antioksidan
aktivite sagladigi belirlenmistir. Ayrica yliksek basingli islemenin
POD aktivitesinde daha az kayba yol a¢tigi, buna karsilik PPO
aktivitesini geleneksel 1sil isleme gore daha fazla azalttig:
goriilmiistiir. Sonug olarak, aronya piiresinin giivenligi ve kalite
Ozelliklerinin korunmas: agisindan yliksek basingli isleme
yonteminin, geleneksel 1s1l isleme gore daha iistiin bir alternatif
oldugu degerlendirilmistir. Bu c¢alisma, ticari Olgekte
uygulanabilir yiiksek basingli igleme teknolojisinin kullanildigi
aronya bazli piire {iriinlerinin gelistirilmesine yonelik onemli
bilimsel veriler sunmaktadir (Yi vd., 2021).

Sogutulmus ve dondurulmus depolamanin (4+2 °C ve
—204+2 °C’de depolamanin) aronya meyvelerinin bilesimi
tizerindeki etkileri, sicaklik dongiilerinin meyvelerin polifenol
igerigi, toplam ¢oziinebilir katt madde miktari, pH, titre edilebilir
asitlik, polifenol oksidaz aktivitesi, seker icerigi, asit igerigi, renk
ve hiicre yapisinin nasil etkiledigi ayrintili olarak incelenmistir.
Taze aronya meyvelerinin 4+2 °C’de depolanmasi sirasinda, PPO
aktivitesi 2. haftada %49 artmis, ardindan 4. haftada azalmais,
sonraki 4 hafta boyunca sabit kalmig ve 10. haftada yeniden %65
artis gostermistir. On iki haftalik depolama boyunca yapilan
gorsel incelemelerde belirgin bir renk veya fiziksel degisiklik
gozlenmemistir.  Aktivitedeki artigin, sogutma nedeniyle
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meyvelerde olusan hasar sonucu PPO aktivitesinin artmastyla
iligkili olabilecegi diisiiniilmektedir. Depolama siiresince PPO
enzimlerinin polifenol konsantrasyonlarmi anlamli diizeyde
etkilemedigi veya onlarla iligski gostermedigi belirlenmis olsa da
diger enzimlerin polifenollerdeki degisimlere neden olmus
olabilecegi ve sonug olarak depolama boyunca PPO aktivitesinin
polifenol kaybiyla anlamli bir iligki gostermedigi ifade edilmistir
(King vd., 2022).

Siyah aronya meyveleri, ardigik kalsiyum 6n islemi ve
ultrason/mikrodalga kurutma uygulanarak dehidre edilmistir.
Polifenollerin metabolik yolaklariyla iliskili kalite parametreleri
—serbest/bagli fenolikler, hiicre duvar1 pektini, polifenol oksidaz
ve peroksidaz aktiviteleri ile viskoelastik 6zellikler— uygulanan
kurutma yontemleri altinda kapsamli bi¢imde analiz edilmistir.
PPO  serbest fenolik  bilesiklerin  enzimatik  olarak
par¢alanmasindan sorumlu temel enzimlerden biridir. Siyah
aronya meyvelerinde kurutma islemleri sirasinda PPO aktiviteleri
incelenmis ve kalsiyum On iglemi uygulanmayan orneklerde,
dogrudan sicak hava ile kurutma PPO aktivitesini 341.8
Ug'dak™ degerinden 254.9 Ug'dak! degerine diisiirmiistiir.
Ultrasonla kurutulan érneklerde ise PPO aktivitesi blyuk 6lglide
korunmustur (Sicak hava ile kurutma/Ultrasonla kurutma-131.5
W i¢in 288.0 Ug'dak™, Sicak hava ile kurutma/Ultrasonla
kurutma-72.3 W i¢in 358.9 Ug'dak™!). Buna karsilik, 200 W
mikrodalga kurutma PPO aktivitesini %44,2 oraninda azaltmistir.
CaCl: 6n isleminden sonra, PPO aktivitesi yalnizca 6n iglemin
hemen ardindan %31,4 azalmistir; bu durum muhtemelen
enzimin CaCl> c¢ozeltisine salinmasindan kaynaklanmaktadir.
CaCl> 6n isleminden sonra uygulanan sicak hava ve ultrason
destekli kurutma PPO aktivitesinde belirgin bir degisiklige yol
acmamistir. Buna karsin, CaCl. + Mikrodalga kurutma-200 W
uygulanan drneklerde PPO aktivitesi 82.42 Ug 'dak™' seviyesine
diismiistiir. Ayrica, polifenollerin metabolik yolaklarinin
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incelenmesi 6nemli sonuglara yol agmistir. ilk olarak, serbest
prosiyanidin B2’nin Ca?** i¢eren ¢ozeltiye daldirilmasi, PPO’nun
rol aldig1 oksidasyon siireclerini kolaylastirmistir. Buna ek olarak
hem ultrason hem de mikrodalga kurutma, PPO’nun serbest rutin
kararlilig1 {izerindeki olumsuz etkisini zayiflatmistir. Ikinci
olarak, sicaklik artisi tiim serbest fenoliklerin miktarini
azaltmistir. Korelasyon analizleri, CaCl. 6n isleminin serbest
prosiyanidin ~ B2’nin  PPO  tarafindan  oksidasyonunu
giiclendirdigini gostermistir. Buna karsilik hem ultrason hem de
mikrodalga destekli kurutma uygulamalarinin, PPO’nun serbest
rutinin kararlilig1 iizerindeki olumsuz etkisini 6nemli Slgiide
azalttig1 belirlenmistir. S6z konusu calisma, meyve kurutma
stireclerine iligkin fiziksel ve kimyasal mekanizmalara dair yeni
yaklagimlar ~ sunmakta; aym1 zamanda hibrit kurutma
teknolojilerinin kalite korunumu acisindan tasidigi potansiyel
avantajlar ortaya koymaktadir (Zhu vd., 2023).

Aronya PPO enzimi iizerine kapsamli bir caligma
yapilmis ve aronyadan PPO enzimi saflagtirilmasi, temel
biyokimyasal 0Ozelliklerini karakterize edilmesi ve karbamat
trevlerinin  inhibitér aktiviteleri, antioksidan kapasitesi
degerlendirilmistir. PPO enzimi, aronya meyvelerinden tek
asamali Sepharose-4B-L-tirozin-p-aminobenzoik asit afinite
kromatografisi kullanilarak saflastirilmistir. PPO enzimi, %20,83
verimle ve 51,94 kat saflastirma derecesiyle basartyla
saflastirilmistir. Afinite kolonu kullanilarak saflastirilan aronya
PPO enziminin molekiiler agirligit SDS-PAGE ile belirlenmis ve
protein boyama sonucunda, aronya meyvelerinden elde edilen
PPO i¢in yaklasik 100 kDa molekiiler agirliga sahip tek bir baskin
protein band1 oldugu tespit edilmistir (Oztlirk, 2025). Meyve ve
sebzelerden elde edilen polifenol oksidaz enzimlerinin molekuler
agirligl 27-144 kDa arasinda degistigi bildirilmektedir (Panadare
ve Rathod, 2018); bu baglamda, aronya meyvesindeki PPO
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enziminin molekiiler agirlig1 bildirilen aralik igerisinde yer
almaktadir.

Aronya meyvesinden elde edilen PPO enziminin kinetik
parametreleri incelendiginde, Km ve Vmax degerlerinin sirasiyla
katekol substrat1 i¢in 5,43 mM ve 1428,5 EU/mL, 4-metil katekol
icin ise 7,5 mM ve 1666,6 EU/mL oldugu bulunmustur. R—-O—
CO-NHo: genel yapisint igeren 1’den 7°ye numaralandirilmis yedi
karbamat tlrevi sentezlenmis ve bu bilesikler PPO inhibisyon
calismalarinda degerlendirilmistir. Bu bilesikler arasinda 7
numarali bilesik, R grubunun 1-fenetil oldugu karbamat tiirevine
karsiik  gelmektedir. Inhibisyon c¢alismalarinda,  benzil
pozisyonunda bir karbamat grubu ve elektron verici bir metil
grubu igeren 7 numaral bilesik, 0,018 uM Ki degeri ile en gucli
PPO inhibitdru olarak belirlenmistir. Ayrica, 7 numarali bilesik
en gucli antioksidan aktiviteyi gostermistir. In silico molekiler
yerlestirme ve baglanma enerjisi hesaplamalar1 da bu bulgulari
destekleyerek, 7 numarali bilesik ile anahtar aktif bolge kalintilar:
arasinda giiclii etkilesimler oldugunu ortaya koymustur.
Indiiklenmis uyum yerlestirme simiilasyonlari, 7 numaral
bilesigin yiiksek baglanma afinitesi ve diisiik ICso degeriyle tutarli
olarak kararli hidrojen baglar1 ve hidrofobik etkilesimler
olusturdugunu gdstermistir. Bu hesaplamali sonuglar, deneysel
verileri dogrulamakta ve rasyonel olarak tasarlanmis karbamat
tirevlerinin etkili PPO inhibitorleri olarak potansiyelini
vurgulamaktadir (Oztiirk, 2025).

3. SONUC

Son yillarda aronya meyveleri yiiksek fenolik igerigi,
gucli antioksidan kapasitesi ve ¢ok yonli biyolojik etkileri
nedeniyle hem tarimsal hem de beslenme ve saglik alanlarinda
giderek artan bir ilgi odagi héline gelmistir. Aronya meyvelerinin
antosiyaninler, flavonoidler ve proantosiyanidinler basta olmak
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tizere zengin polifenolik profili; kardiyovaskiiler hastaliklar,
diyabet, inflamasyon, kanser ve enfeksiyonlar gibi ¢ok sayida
kronik hastalikla iliskili koruyucu ve destekleyici etkilerle
dogrudan iligkilidir. Bununla birlikte, meyvelerin yliksek nem
icerigi, hassas yapisi ve isleme sirasinda enzimatik reaksiyonlara
duyarliligi, hasat sonrasi kalite kayiplarini ve raf 6mrii kisitlarim
beraberinde getirmektedir. Ozellikle polifenol oksidaz kaynakli
enzimatik esmerlesme, aronya Uriinlerinin duyusal 6zelliklerini,
besin degerini ve ticari degerini olumsuz etkileyen temel
faktorlerden biri olarak 6ne ¢ikmaktadir.

Bu baglamda, PPO enziminin aronya meyvelerindeki
davranisinin  anlasilmasi hem gida teknolojisi hem de
biyokimyasal uygulamalar acisindan kritik Oneme sahiptir.
Literatiirde yer alan ¢aligmalar, farkli teknolojik uygulamalarin
PPO aktivitesi tlizerinde belirgin etkiler olusturdugunu; ytiksek
basingli isleme, kontrollii depolama ve hibrit kurutma
yontemlerinin PPO davranisini ve fenolik bilesiklerin stabilitesini
onemli olgiide etkiledigini ortaya koymaktadir.

Ote vyandan, aronya PPO’sunun saflastirilmasi ve
biyokimyasal karakterizasyonuna yonelik simirli  sayidaki
calismalar, bu enzimin yaklasik 100 kDa molekiiler agirliga sahip
oldugunu, katekol ve 4-metilkatekol gibi substratlara yiksek
afinite gosterdigini ve belirli karbamat tiirevleri tarafindan giiglii
bicimde inhibe edilebildigini ortaya koymustur. Buna karsin,
aronya PPO’sunun 6zellikleri, inhibitdr duyarlilig1 ve teknolojik
siregler altindaki  davranigi, diger bitkisel PPO’larla
karsilastirildiginda halen yeterince aydinlatilmamigtir. Bu durum,
aronya gibi yiliksek katma degerli bir meyvede PPO’nun
kontroliine yonelik stratejilerin gelistirilmesi agisindan 6nemli bir
arastirma bosluguna isaret etmektedir. Sonug olarak, aronya PPO
enziminin daha kapsamli bicimde karakterize edilmesi; enzimatik
esmerlesmenin kontrolii, iirtin kalitesinin korunmasi ve PPO’nun
potansiyel biyoteknolojik uygulamalarinin degerlendirilmesi
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acisindan gelecekte yapilacak caligmalar icin giiglii bir bilimsel
temel sunmaktadir.
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