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BATI AKDENIZ BOLGESI’NDE ORTUALTI
SEBZE YETISTIRICILIGININ SON BES YILIK
DEGISIiM

Halil DEMIiRY"
Omer ONEL?2

1. GIRIS

Akdeniz Bolgesi, Bati Akdeniz ve Dogu Akdeniz diye iki
alt bolgeye ayrilabilir. Bati Akdeniz Bolgesi icerisinde Antalya,
Burdur ve Isparta illeri yer alir (Anonim 2025a). Bu bdlge

icerisinde kayitli yaklasik 3.4 milyon kisi yasamaktadir (Anonim
2025b). Bu bolgenin ekonomisi turizm ve tarima dayalidir.

Bu bolgede Akdeniz ikliminin 6zellikleri hakimdir.
Genellikle yazlar1 sicak ve kurak, kiglar1 1lik ve yagish
geemektedir. Kiy1 bolgelerindeki yagis miktar i¢ bolgelere gore
daha yiiksektir. Antalya i¢in yaklasik 785 mm/y1l, Burdur i¢in ise
yaklasik 540 mm/y1l yagis degerleri verilmektedir. iklim
ozellikleri iizerinde denize yakinlik o6nemli sekilde etkili
olmaktadir. Tarimsal tiretimi de iklimsel 6zellikler etkilemektedir
(Anonim 2025c¢).

Bati Akdeniz Boélgesi, Tiirkiye’nin tarimsal {iretiminde
onemli bir paya ve dolayisiyla 6nemli bir role sahiptir. Tarimsal
uretim icerisinde narenciye (turuncgiller), elma, armut, ayva,
muz, nar ve avokado gibi meyvelerin iiretimi yogun sekilde

L Akdeniz Universitesi, Ziraat Fakiiltesi, Bahge Bitkileri Bolimii, Antalya, Tirkiye,
ORCID: 0000-0003-2237-5439.
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stirdiiriilirken, bugday, nohut, patates, seker pancar1 gibi tarla
bitkileri tiretimi de yapilmaktadir. Bu bolge igerisinde sebze
tiretimi de oldukc¢a onemlidir ve Ortiialt1 sebzeciligi ekonomik
dongiiyi stiriikleyen ayri bir tiretim kolunu olusturmaktadir.

Ortiialtt  kavrami seracihk kavrami ile ¢ok sik
karistirilabilmektedir. Ortiialtinda yapilan tarim; baz1 bitkilerin,
mevsimleri disinda, iklimsel bazi 6zelliklerin kismen kontrol
edilerek yetistirilebilmesi seklinde tamimlanabilir. Ortiialt:
yetistiriciligi algak tuneller, yiksek tlneller, cam ve plastik
seralar1 kapsayan alanlar igerisinde yapilan yetistiricilige denilir
(Tiizel vd. 2020). Buradan anlasilacag: lizere ortiialt1 kavramini
sera ile karistirmamak gerekir.

Ortiialt1 sebze yetistiriciligi, tarimsal {iretim icerisinde en
fazla istihdam saglayan bir tiretim koludur. Yaklasik 60 yili agkin
bir ge¢misi olan Ortlialt1 yetistiriciligi ¢ok hizli bir gelisme
gOstererek Uretim ve ihracat agisindan O6nemli bir konuma
gelmistir (Hizal ve Karli 2020).

TUIK (2025) verilerine gére, iilkemizdeki ortiialtr iiretim
alanlarinin (da) son bes yildaki degisimi Sekil 1°de gosterilmistir.

Ortiialt1 Alan Tiirleri
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Sekil 1. Ulkemizin értiialti alanlarinin son bes yillik degisim
degerleri
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Toplam ortiialtt alan1 2020 yilinda yaklasik 805 bin da
iken 2024 yilinda yaklasik 776 bin da’a ulasmis durumdadir.
Toplam alan miktarinda az da olsa dalgalanmalar vardir. Ancak
cam sera varlig1 son bes yil igerisinde siirekli azalma egilimi
gostermistir. Cam sera alanlarimiz 2020 yilinda yaklasik 81 bin
dekardan 2024 yilinda yaklasik 56 bin dekara diismiistiir. Bu
diisiiste hem sera kurulum maliyetleri hem de teknolojinin
gelismesiyle cam  seralar1  aratmayan  plastik  sera
konstriikksiyonlart ve PE ortli malzemeleri etkili olmustur.
Ulkemizin algak tiinel varligi 2020 yilina gore diisiis icinde olup
218 bin dekardan 163 bin dekara kadar gerilemis durumdadir.
Plastik sera alanlarimiz ise artis egilimindedir ve 401 bin
dekardan 454 bin dekara ulasmistir. Yiiksek tiinel alanlarimiz ise
hemen hemen ayn1 kalmistir.

Ulkemizin toplam sebze iiretimi 2024 y1linda 33.6 milyon
ton olarak gerceklesmis ve bir onceki yila gore %5.6 oraninda
artmistir. Bu {retimin yaklasik 8 milyon tonu ise Ortiialtinda
yetistirilen sebzelere aittir. Toplam sebze tretimi icerisinde de en
fazla deger domatese ait iken, serada yapilan yetistiricilikte de en
fazla tretilen domatestir (TUIK, 2025).

Ortiialtr alan tiirlerine gore sebze iiretim miktarlarinimn
(ton) son bes yil igerisindeki degisimleri Sekil 2’de verilmistir.
Sekil’den de goriilecegi gibi ortiialti toplam sebze tiretimi 2020-
2024 yillar1 arasinda az da olsa bir dalgalanma gostermistir.
Uretim miktar1 2020 yilinda 7.7 milyon iken 2021 yilinda bir
milyon ton daha fazla iiretim meydana gelmis, daha sonraki
yillarda hafif diistislerle birlikte 2024 yilinda 8.06 milyon tona
ulasmistir. Cam sera alanlarindaki iiretim miktari, Sekil 1’de
gosterilen alan diislisiine paralel olarak diisme egiliminde
olmustur.
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Ortiialt1 Alan Tiirleri
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Sekil 2. Ortiialt1 alanlarindaki sebze iiretim miktarlarinin son bes
yildaki degisimleri

Alcak tunellerden elde edilen sebze miktar1 2020 yilinda
1.2 milyon ton iken 2024 yilinda 943 bin tona gerilemistir. Plastik
sera alanlarindaki artis, iiretim miktarlarina yansimis durumdadir.
Yaklagik 4.7 milyon tondan 2024 yilindaki yaklagik 5.5 milyon
tona ¢ikmustir. Yiiksek tiinel altinda gergeklestirilen sebze {iretimi
de 710 bin tondan 752 bin tona ulasmis durumdadir.

Ortiialt1 sebze iiretim miktar1 genellikle Akdeniz sahil
seridinde yogunlasmis olsa da son yillarda rakimi yiiksek
bolgelerde  ortiialtt  alanlart  olusturulmaktadir.  Ozellikle
Antalya’nin Elmali ve Korkuteli ilgelerinde oldugu gibi plastik
sera alanlar1 artmaya devam etmektedir (Adak vd. 2014). Bati
Akdeniz Bolgesi’nin diger illeri ve ilgelerinde de son yillarda
ortiialt1 sebze tiretiminde de gelismeler yasanmaktadir.

Bu boliimde, Bati Akdeniz Bolgesi’ne dahil olan basta
Antalya olmak uzere Isparta ve Burdur illerinde yapilan ortiialti
sebze yetistiriciligi degerlendirilecektir.
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2. ANTALYA

Tiirkiye’de ortiialtt Uretimi denilince ilk akla gelen
sehirlerden birisi Antalya’dir. Bir tarim ve turizm sehri olan
Antalya, ozellikle serada yetistiricilik ve seracilik sektoriiniin
farkli kollar1 agisinda son derece biiyiik neme sahiptir. Fidecilik
sektoriinden sera kurulumu, topraksiz tarim isletmelerinden giibre
tiretimine, tohumculuk sektoriinden danismanlik hizmetlerine
kadar birgok farkli alt alanin merkezi konumundadir. Bu alt
alanlarin olusturdugu istihdam ve ekonomik yap1 Antalya’ya gii¢
katmaktadir.

Antalya’da siirdiiriilen ortlialt1 sebze yetistiriciligi liretim
bolgelerinin 6zelliklerine gore farkliliklar gésterebilmektedir. Bu
farkliliklar1 hem konstriiksiyon malzemesi, hem isletme tipleri
hem de yetistiricilik donemlerinde gorebilmekteyiz (Kili¢c vd.
2020). Ornegin, Antalya nin Kas ilgesinin Kasaba, Dagbag gibi
uretim bolgelerinde en erkenci Sonbahar donemi Gretimine
baslanirken, yakin iiretim bolgeleri olan Kumluca ve Finike’de
domates tretimine heniiz baslanmamaktadir. Demre’de biber
tiretimi On plana ¢ikarken Kumluca ve Finike’de domates, hiyar,
biber ve patlican daha fazla iiretilebilmektedir. Bu bolgelerde
toptanci hali bulundugundan dikenli hiyar, langa tipi hiyar, Macar
tipi biber gibi ihracata yonelik sebzeler tercih edilebilmektedir.

Turkiye genelinde TUIK (2025)’e gére toplam 776 110
dekarlik ortiialtt alanimiz bulunmakta, bunlarin biiyiik bir
bolumiinde sebze iiretimi yapilirken, bir kismi da siis bitkileri ile
meyve yetistiriciliginde degerlendirilmektedir. Antalya’nin
toplam oOrtiialt1 alan1 igerisindeki pay1 yaklasik %40.8 (316 957
da)’dir.

Toplam ortiialt1 sebze iiretimimiz 2024 yilinda 8 058 187
ton olarak gerceklesmis, bu liretimin yaklasik %52.1 (4 197 239
ton)’ini Antalya tek basina karsilamistir. Yani Tiirkiye’de
gerceklesen oOrtiialt1 sebze liretiminin yaridan fazlasi1 Antalya’ya
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aittir ve en fazla domates tiretimi yapilmistir. Biberler, patlican ve
hiyar gibi sebzeler de en fazla iiretilenler arasindadir.

Antalya topraksiz tarim seralariyla da dikkat cekmektedir.
Ulkemiz genelinde topraksiz tarim alanlariyla ilgili resmi ve tek
bir rakama heniiz ulasilamamaktadir. Yaklasik 14 bin dekar
alanda topraksiz tarim yapildig1 bazi kaynaklarca bildirilmektedir
(Anonim 2025d). Bu rakamin yaklasik 15 bin dekara ulastigini
bildiren kaynaklar da mevcuttur. Ayrica topraksiz tarim
isletmelerinin %19’u Antalya, %15°’1 Afyonkarahisar, %9’u
[zmir, %6°s1 Manisa ve %9’u Mersin’de bulunmaktadir (Anonim
2025d). TUIK (2025)’e g6re Antalya’nin ilgelerinin drtiialti sebze
yetistiriciligi alant (da) ve son bes yillik degisimi Cizelge 1’de
verilmistir.

Cizelge 1. Antalya’nin ilgelerine gore ortiialti sebze alan varhg (da)

Tigeler 2020 2021 2022 2023 2024
Muratpasa 2880 2878 6141 6141 6141
Konyaalti 3057 3097 2008 2028 2084
Kepez 22722 22733 10723 15934 17404
Aksu 34140 74325 62436 60160 61245
Serik 48117 47058 48180 49010 49010
Manavgat 12812 13281 13637 13887 13987
Gilindogmus - - - - -
Akseki 9 9 9 9 9
Gazipasa 22060 22230 26880 27300 24600
Alanya 19825 29355 28185 17630 17180
Korkuteli 9177 9702 6395 6750 6725
Elmali 13462 12743 13667 14662 19855
Kemer 256 262 350 258 235
Kumluca 53904 52663 48717 48417 49057
Finike 6435 6604 6604 6604 6490
Demre 15918 16441 16424 16504 16772
Kas 26800 28455 29940 29931 29931
Déogemealt 128 129 114 198 206
Ibradi 7 7 7 7 -

Cizelge 1°den de anlasilacagi gibi Giindogmus ilgesinde
herhangi bir ortiialti alan1 bulunmamaktadir. En az ortiialt1 alana
Ibradi ve Akseki ilgeleri sahiptir. Son bes yillik degisim
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incelendiginde, 2020 y1linda en fazla alan Kumluca il¢esinde iken
zamanla az da olsa azalarak 2024 yilinda yaklasik 49 bin dekar
olmustur. Aksu’nun oOrtiialti sebze alan varligi 2020 yilinda
yaklagsik 34 bin dekar iken 2024 yilinda alan miktar1 62 bin dekar1
gecmistir. Boylece en fazla alana Aksu ilgesi ulagsmistir. Mevcut
durumda en fazla ortiialti sebze yetistiriciligi Aksu, Kumluca ve
Serik ilcelerinde yogunlagmustir.

Ayrica topraksiz tarim seralart Serik, Kumluca ve Aksu
ilgelerinde daha fazladir. Antalya’nin orttialti alan tlrlerine gore
tretim alan1 (da) ve Uretim miktarlarinin (ton) son bes yillik
degisimi Cizelge 2’de verilmistir.

Cizelge 2. Antalya’nin ortiialat1 alan tiirlerine gore iiretim alani
ve iiretim miktar1 de@isimleri

Yillar | Degisim alan1 | Alcak tinel | Cam sera | Plastik sera | Yiksek tinel
2020 Alan. 9460 70219 205233 6797
Uretim 5231 951220 2754208 46732
2021 {-.\Ian_ 8366 72434 254082 7090
Uretim 43942 979436 3352539 56815
2022 Alan_ 7360 60568 247113 5916
Uretim 41452 744289 3271593 51773
2023 Alan_ 7439 55914 241261 10816
Uretim 41883 720701 3289819 108050
2024 {-_\Ian_ 7431 53755 248883 10862
Uretim 41711 684897 3363386 107245

Antalya’da algak tiinel mevcudu son bes yil igerisinde
azalma egiliminde olmustur ve 2024 yilinda alan miktar1 7431 da
olarak kaydedilmistir. Cam sera varliginin da algak tiinellerde
oldugu gibi azalma egiliminde oldugu goriilmektedir. Hem cam
sera hem de alcak tiinel altindaki sebze tiretiminde alandaki
azalmaya paralel bir durum s6z konusu olmustur. Yiksek
tiinellerde hem alan hem de tiretim miktar1 son bes yil igerisinde,
dalgalanmalar olsa da artma egiminde bulunmustur. Plastik
seralarda ise 6nemli bir artig s6z konusudur. Alan ve iiretim artisi
2020 yilma gore 2024 yilinda yaklasitk %25 olarak
gergeklesmistir.
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TUIK (2025) verileri incelendiginde Antalya’daki sebze
tiretiminde domates, hiyar, patlican ve biber en fazla iiretilen
sebzeler arasinda yer almistir. Bazi {liretim bdlgelerinde seralar
igerisinde marul, maydanoz gibi sebzelerin de {iretildigi
goriilmekte, bunlarin o6zellikle imar gecirilip gegirilmeyecegi
tartisilan Muratpasa ilgesi gibi bolgelerde oldugu goriilmektedir
(Anonim 2025f). Serik ilgesinde ise son yillarda birinci {iriin
olarak marulun yetistirildigi, ikinci iiriin olarak ise seralarda
karpuz Uretimine yer verildigi belirlenmistir. Algak ve yiiksek
tiineller daha ¢ok Antalya’nin dogu ilgeleri olan Alanya, Gazipasa
ve Manavgat’ta oldugu tespit edilmistir.

3. BURDUR

Bat1 Akdeniz Boélgesi’nde bulunan, Goéller Bolgesi’nin
onemli illerinden Burdur’un ekonomisi tarima dayalidir. Tarim
sektorii igerisinde meyvecilik, hayvancilik ve son yillardaki
seracilik faaliyetleri iiretime 6nemli katkilar sunmaktadir (Gil vd.
2021). Burdur’un ilgelerinin toplam ortiialt: iiretim alanindaki son
bes yillik degisimi Cizelge 3’te gosterilmistir. Cizelge 3’ten de
goriilebilecegi gibi en az ortiialt1 sebzecilik yapilan ilgeleri Kemer
ve Yesilova’dir.

Cizelge 3. Burdur’un ilgelerine gore ortiialt1 alan varhg:

iiceler 2020 2021 2022 2023 2024
Aglasun 111 102 107 130 155
Altinyayla 193 190 190 180 186
Bucak 483 469 430 437 563
Cavdir 4603 5200 6000 6000 8200
Celtikei 735 765 740 790 790
Golhisar 3402 3750 3950 3503 3631
Karamanlh 357 603 750 1100 1200
Kemer - - - - 11
Merkez 544 544 592 731 671
Tefenni 1408 1645 1662 1740 2430
Yesilova - 51 50 47 63
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Son bes yillik degisime dikkat edildiginde Golhisar,
Cavdir ve Karamanli disindaki ilgelerdeki durumun hemen
hemen ayni oldugunu sodyleyebiliriz. Karamanli il¢esindeki
degisim 2020 yilia gore 2024 yilinda dort kat artis seklindedir
ve toplam 1200 dekara ¢ikmistir. En biiyiik ortiialt1 sebze alanina
sahip il¢ce Cavdir’dir ve 2020 yilina gore kiyaslandiginda yaklasik
%100’liik bir artis meydana gelmis ve 8200 dekara ulasmistir.
Cavdir ilgesindeki alanin biiyiik bir boliimiinii plastik sera alanlari
olusturmaktadir. S6giit Kasabast Fethiye, Denizli ve Antalya
yollarinin kavsagindadir. Cevre bolgelerden hasat edilen sebzeler
burada bulunan toptanci haline getirilir. Pazarlama sorunun daha
az hissedildigi bu yorede seracilik hizla yaygimlasmaktadir. ikinci
en yuksek alan ise 3631 dekar ile Golhisar ilgcesindedir.

Burdur ilinin ortiialt1 tiirlerine gore alan (da) ve dretim
miktarlarindaki (ton) son bes yillik degisim Cizelge 4’te
sunulmustur.

Cizelge 4. Burdur ilinin értiialti alan tiirlerine gore alan ve tretim
miktar: degisimleri

Degisim Alcak Cam Plastik Yiksek
Yillar N N
alani tinel sera sera tinel
2020 Alan_ 100 91 11637 8
Uretim 176 840 186965 19
2021 Alan_ 95 91 13118 15
Uretim 175 821 196860 34
2022 Alan_ 50 92 14305 24
Uretim 87 840 236162 55
2023 Alan_ 53 95 14490 20
Uretim 94 891 246595 44
2024 Alan_ 41 70 17752 37
Uretim 71 575 291495 91

Cizelge’den de goriilebilecegi gibi en az iiretim alanlarini
sirastyla yiiksek tiinel, algak tiinel ve cam seralar olusturmaktadir.
Algak tiinel ve cam sera varliklarinda azalmalarla birlikte ytliksek
tinellerde az da olsa bir artis mevcuttur. Ancak plastik sera varligi
son bes y1l icerisinde siirekli artis gdstermistir. Ortiialt: tiirlerine
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gore toplam alan miktar1 da son bes yilda %50’den fazla artig
egiliminde olmus, 2024 yilinda toplam alan 17900 dekara
ulasmistir. Uretim degerleri de alandaki degisime paralel
seyretmigtir. Plastik sera alanlarindan elde edilen tliretim degeri
yaklagik %55 olarak gerceklesmistir. Toplam iiretim miktar1 2024
yilinda 292 232 tona ulasmistir. Burdur ili genelinde sera
alanlarinda en fazla iiretilen sebze Giil vd. (2021) tarafindan da
belirtildigi gibi domates olup bunu hiyar izlemektedir.

4. ISPARTA

Goller Bolgesi’'nin diger onemli ili ise Isparta’dir.
Isparta’y1r Antalya’nin yayla kesimleri ile Burdur’dan ayiran
0zelligi kurulan seralarda siis bitkilerinin liretilmesidir. Isparta’da
son bes yil igerisinde Ortiialt1 alan varligi az da olsa diisme
egilimindedir. Bu alanlarin 6nemli bir kesiminde siis bitkilerinin
{iretimi yapilmaktadir (Anonim 2025g). 11 genelinde alcak tiinel
ve yiiksek tiinel bulunmamaktadir. 2020 yilinda 85 dekar olan
cam sera alan1 2024 yilinda 19 dekara diigmiistiir. Geri kalan
alanin tamamu plastik seradir ve 2020 y1lindaki 5293 dekarlik alan
2024 yilinda 4927 dekara gerilemistir. Bu alanin yaklasik 1475
dekarinda karanfil ve giil iiretimi yapilmaktadir.

Isparta ilini sebzecilik acisindan degerlendirmeye devam
edersek, Ilgelere gore toplam ortiialt1 alan varligi Cizelge 5’te
gdsterilmistir. Ilceler arasinda Yenisarbademli’de resmi verilere
gore herhangi bir Ortlialti sebze fliretimi goriinmemektedir.
Uluborlu ve Senirkent’te 2024 yilinda sirastyla 11 ve 18 da alan
kurulmustur. En fazla ortiialt1 alan ise Yalvag ve merkezde
bulunmaktadir. Yalvag’taki alan 2020 yilinda 1612 dekar iken
2024 yilinda 1113 dekara gerilemistir. Isparta merkezdeki alan
miktar1 2020 yilinda 1735 da iken bu rakam 2024 yilinda 1165 da
diismiis durumdadir. Toplam Ortlialtt miktar1 da 2020 yilindan

10
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2024 yilina kadar hafif dalgali bir degisime sahip olmasina
ragmen 3505 da’a kadar gerilemistir.

Cizelge 5. Isparta’nin ilgelerine gore ortiialt1 alan varhg (da)

ilceler 2020 2021 2022 2023 2024
Aksu 40 38 35 38 10
Atabey 330 290 300 320 370
Egirdir 30 30 30 66 66
Gelendost 111 200 195 195 195
Gonen 71 57 57 40 40
Kegiborlu 14 14 14 13 13
Merkez 1735 770 765 1080 1165
Senirkent - - - - 18
Sutculer 504 515 520 287 476
Sarkikaraagag 60 20 20 10 28
Uluborlu - - - - 11
Yalvag 1612 1612 1612 1280 1113
Yenigarbademli - - - - -
Toplam 4507 3546 3548 3339 3505

Isparta genelinde ortiialt1 tlrlerine goére sebze tariminin
son bes yilik degisimini Cizelge 6’da gorebilirsiniz. il
genelindeki sebze iiretimi yapilan cam sera varligi 85 dekardan
19 dekara kadar gerilemistir. Plastik sera alanlar1 ise dalgali bir
gelisme seyri izlese de 2020 yilindan 2024 yilina kadar toplamda
%20°den fazla bir azalma meydana gelmistir. Toplam oOrtiialt1
sebze alani ise ayni sekilde son bes yil igcerisinde azalmaistir.

Cizelge 6. Isparta ilinin ortiialt1 sebze alam ve iiretim miktar

degisimi

Villar Degisim A__I(;ak Cam Plastik YL_]_ksek Toplam
alani tunel sera sera tunel

2020 Alan_ - 85 4425 - 4510
Uretim - 584 69291 - 69875

2021 Alan_ - 77 3483 - 3560
Uretim - 540 55951 - 56491

2022 Alan_ - 77 3471 - 3548
Uretim - 582 56964 - 57546

2023 Alan_ - 19 3311 - 3330
Uretim - 59 48232 - 48291

2024 Alan. - 19 3486 - 3505
Uretim - 59 49204 - 49263
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Ortiialt1 sebze iiretimi de son bes yil igerisinde azalmustir.
Isparta genelinde sera alanlarinda en fazla Yorulmaz Salman ve
Kevser (2014) tarafindan da isaret edildigi gibi sofralik domates
tiretilmektedir. Bunu hiyar izlemekte, biber, marul gibi diger
sebzelerin tiretimlerinde farkli dagilimlar goriilmektedir.

5. SONUC

Bati Akdeniz Bolgesi oOrtiialt1 sebze yetistiriciligi ve
ozellikle de seracilik agisindan son derece onemli bir iiretim ve
ihracat giiciine sahiptir. incelenen illere gore degismekle birlikte
genel anlamda sera varlig1 artmaya devam etmektedir. 1k bakista
bu artis ekonomik agidan 6nemli goziikse de gelecek yillar igin
dikkat edilmesi gereken hususlar1 da tasimaktadir. Yurt i¢i ve yurt
dis1 oOrtiialtt sebze yetistiriciliginin iyi irdelenip yeni alanlarin
kurulmasi buna gére planlanmalidir. Ulkemizin stratejik dneme
sahip tarla ya da meyve drlnlerinden  vazgegmesi
diistiniilmemelidir. Yeni sera alanlar1 olugturulurken yeralti ve
yeriistii su rezervleri mutlaka dikkate alinmalidir. Yeni alanlar
olusturmak yerine eski sera alanlariin modernlesmesi
saglanmalidir.
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THE HISTORICAL DEVELOPMENT OF
AGRICULTURE: ANCIENT FOUNDATIONS TO
MODERN INNOVATIONS

Bahar SANCAR!

1. INTRODUCTION

Agriculture is one of the most fundamental and
transformative activities in human history. It is widely regarded
as the basic production system that enabled the transition from a
hunter-gatherer lifestyle to a settled way of life (Mazoyer &
Roudart, 2006). The agricultural revolution, which began with the
domestication of plants and animals, had a direct influence on
food production, population growth, spatial settlement, the
concept of property and forms of social organisation (Diamond,
1997). In this context, agriculture is widely regarded as the
driving force behind the economic, social and cultural changes
that shaped civilisations (Food and Agriculture Organization of
the United Nations [FAO], 2017).

The first agricultural activities emerged in ecologically
favourable regions such as Mesopotamia, the Nile Basin, the
Indus Valley and the Yellow River, gradually transforming these
areas into centres of agricultural knowledge and production
(Smith, 1995). While primitive tools, rain-fed production and
limited diversity prevailed in the early stages of agriculture,
production systems became increasingly complex over time, with
the development of irrigation systems and advances in soil
cultivation techniques and seed selection (Blum, 2011). These

L QOgr. Gor. Dr., Diizce University, Rectorate, ORCID: 0000-0002-3687-1495.
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advances ensured the permanence of settled life and paved the
way for the establishment of the first urban civilisations.

Following the Industrial Revolution, the agricultural
sector underwent a significant transformation, with
mechanisation, chemical fertilisers and pesticides greatly
increasing production efficiency (Tilman et al., 2002). The Green
Revolution, which emerged in the 20th century, ensured an
increase in the food supply, particularly in developing countries,
through the widespread use of high-yield varieties, synthetic
fertilisers, and irrigation technologies (Pingali, 2012). However,
this process has caused environmental problems, including the
decline of soil organic matter, water resource pollution and a
decrease in biological diversity, despite short-term increases in
production (Rockstrom et al., 2009).

Today, environmental pressures such as global climate
change, drought, water scarcity and soil degradation are emerging
as fundamental risks that directly threaten agricultural production
(Intergovernmental Panel on Climate Change [IPCC], 2022).
Furthermore, projections indicate that the global population could
reach around 10 billion by 2050, highlighting the urgent need to
improve the productivity and sustainability of agricultural
systems (United Nations, Department of Economic and Social
Affairs, Population Division [UN DESA], 2023). Against this
backdrop, contemporary perceptions of agriculture are evolving
through novel approaches such as precision farming, organic
production, digital agricultural technologies, and agroecological
methods (FAO, 2021).

This section will examine the historical development of
agriculture from primitive production methods to modern digital
agricultural systems. Furthermore, this section will evaluate the
social, economic and environmental dimensions of agriculture
together and discuss the importance of sustainable agricultural
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practices and future trends in agricultural transformation with a
holistic approach. The aim is to position agriculture as a strategic
sector that shapes the future of humanity, not just a production
activity of the past.

2. AGRICULTURAL ACTIVITIES

Agriculture is the most important of the world's economic
activities. The area covered by agricultural activities is also quite
large and some agricultural activities. Agricultural activities use
one third of the total land surface and employ a significant portion
of the working population (Thoman, 1962). Only 2 percent of the
working population in the United States and England are
employed in agriculture, with agriculture contributing a similarly
small proportion to the national income. In many developing
countries, the most important contribution to the national income
is provided by the agricultural sector, with more than half of the
population engaged in subsistence farming. In developed
countries, large agricultural lands are used and 12-30% of their
income is spent on basic nutritional needs (Benites and Vaheph,
2001). Although it is stated that the problem of hunger will
disappear when the food resources are considered to be equally
distributed throughout the world, a significant portion of the
people living in especially developing and underdeveloped
countries still face the problem of nutrition. This situation also
hinders developments in other sectors. because the agricultural
sector not only provides food, but also provides raw materials for
industrial activities (TUIK, 2020). Despite its decreasing share in
the economy, the agricultural sector is in a strategic position in
terms of rural development and food security. Solving the
problems of hunger and malnutrition in developing and
underdeveloped countries is possible by meeting the demands for
balanced and healthier nutrition in developed countries, giving
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the necessary importance to agricultural activities and increasing
the importance given. At the same time, since agriculture is based
on the use of water, energy and land, it is foreseen that the
improvements to be made in the sector will also contribute to the
protection of nature and natural resources (Artmann and Sartison,
2018; Dadashpoor and Malekzadeh, 2020).

For years, agriculture has been associated with the
production of vital food products. Agricultural activities are only
applied to agricultural products with biological standard presence
until harvest time. In this context, it is not applied to post-harvest
agricultural products (Seto et al. 2011). For example, wheat
production is an agricultural activity, but flour production from
wheat is not an agricultural activity because it is post-harvest
production. The area covered by agricultural activities is quite
large. Agricultural activities include a wide range of activities
such as animal husbandry, forestry, annual or longer-term
aquaculture, fruit garden, floriculture, aquaculture, etc.

The importance of agricultural activities for the country's
economy is evident from the following (Seto et al., 2011;
d’Amour et al., 2017; Solecka et al., 2017):

Livelihood: Many people depend on agriculture for their
livelihood; approximately 70% of the population earns their
living directly from agriculture. This high proportion in the
agricultural sector is the result of non-agricultural activities
failing to absorb the rapidly growing population. However,
populations in developed countries are not primarily based on
agriculture.

Contribution to national income: Most developing
countries rely heavily on agriculture for their national income. By
contrast, agriculture contributes the least to the national income
of developed countries.
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Feed and feed supply: Feed and silage are produced for
pets. In addition, livestock provides milk and protein for human
consumption.

Importance for international trade: Various agricultural
commodities, such as sugar, tea, rice, cotton, tobacco and coffee,
are mainly exported to other countries. This practice helps
countries reduce their current account deficit and save foreign
currency. This can then be used to import vital machinery, raw
materials, and infrastructure to support the country's economic
development.

Marketable Share: Having an additional marketable share
is an indicator of the development of the agricultural sector. Most
of the population can meet the surplus of the country's marketable
share due to food production related to manufacturing and
mining. As the agricultural sector develops, production increases
and this leads to the expansion of the surplus of marketable share.
Thus, surpluses can be exported to other countries.

Farm Mechanization: It enriches the economy with the
introduction of farm mechanization, which plays an active role in
the agricultural sector. The use of modern machinery in
agricultural lands leads to maximum efficiency and quality
product production. Thus, the supply of raw materials to
industries increases.

Role of Livestock: Livestock provides the highest
contribution to economic growth. Annual protein per capita
corresponds to 18 kg of meat and 155 liters of milk. Dairy and
meat products have reasonable market value. Farmers earn a good
livelihood by producing these products and putting them on the
market.
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3. HISTORY OF AGRICULTURE

Agriculture, or farming, is the science of producing,
improving the quality and efficiency of, storing in the right
conditions, processing, evaluating and marketing plant and
animal products. In other words, it encompasses all activities
related to the maintenance, feeding, breeding, protection and
mechanisation of agricultural animals and their products, which
can be used as human food and have economic value. It also
encompasses all fishing activities in stagnant waters or designated
areas (Bar-Yosef, 1998). Agriculture comprises two major
production sectors: Crop production and animal production. The
only difference between these branches, and indeed their
definitions, is the material used. Agriculture is an applied science
that aims to generate economic value for people's benefit
(Bellwood, 1997).

The history of agriculture dates back 10,000 years.
Following its initial development, agriculture spread worldwide
as a result of interaction between societies. Thanks to agriculture,
humanity was able to settle down, which led to the formation of
today's states. Although methods such as fertilisation and planting
are ancient, their use has increased significantly over the last
century (Lev-Yadun et al., 2000).

3.1. Agriculture in ancient times

In ancient times, agriculture — the earliest examples of
which were found in the Fertile Crescent and the surrounding
region — transformed societies that had previously relied on
gathering and hunting into settled communities (Binford, 1968).
In the same period, agriculture began to be practised using
different methods in China and other Asian countries, and over
time it became more intensive in and around the Nile River. The
oldest agricultural data in history come from the Anatolian
settlement of Abu Hurerya. These date from 13,500 years ago.
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Traces of agricultural activities have also been found in the
Levant and around the Zagros Mountains in Iran. Simultaneously,
remains of crops such as millet, barley, grain, lupine, flax and
wheat have been discovered in regions above the Fertile Crescent
(Ammerman & Cavalli-Sforza, 1984; Cohen & Armelagos, 1984;
Marshall, 2000).

Most theories suggest that the first agriculture began when
people started leaving plant foods and seeds they had gathered
from the wild outside their caves. They realised that, rather than
searching for food all day, they could have a continuous supply
by planting the seeds. Different societies made this discovery at
different times. The agricultural activities, which first emerged in
Anatolia and the Middle East, have spread around the world
through social interactions. Those societies who discovered
agriculture earlier had already settled and the bases of the
modern-day civilizations were formed (Smith, 1995; Smith,
2002).

Agriculture originated in India around 7000 BC and later
spread to other parts of Asia some 2000 years afterwards. By that
time, the agricultural structures had appeared along the Nile
River. The high flow of water and comfortable temperature gave
a better output to agriculture in Egypt. The Egyptians knew how
to reckon the flooding time of the Nile, and they performed
specific mathematical formulas and geometrical calculations to
save their crops (Rindos, 1984; Renfrew, 1987).

Originally, agricultural activities took place in
Mesopotamia and were developed by the Sumerians along the
Shatt al-Arab and the Persian Gulf. It is believed that this process
started about 5000 BC, later spreading to other Mesopotamian
civilizations with time. Studies have shown barn animal bones
within the Euphrates and the Tigris. This evidence means that
animal husbandry was also carried out in the area. Around the
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same time as these early practices, indigenous peoples began
agricultural activities in the Americas, especially in the Andes
Mountains. The activities here were mainly characterized by
stepped terracing of the mountain. Excavation projects along the
Pacific coast of South America revealed remains of agricultural
produce such as tobacco, potatoes, beans, peppers, tomatoes, and
pumpkins. Bothmer et al., 1995; Harris & Gosden, 1996).

Agricultural activities were also important in ancient
Greece and Rome. While the Greeks cultivated Mediterranean
crops such as olives, cotton and corn, the scarcity of their land
prevented them from making significant progress in this area. In
contrast, the Romans traded grain products (Bothmer et al., 1985;
Badr et al., 2000).

3.2. Agriculture in the middle ages

The fact that the Islamic world was at a highly advanced
level of civilisation during the Middle Ages reveals tremendous
progress in agricultural activities and animal husbandry in and
outside the Middle East during this period. The Arabs produced
pumps which employed hydraulic and hydrostatic techniques for
advancing levels of production. Using water mills, Muslim
farmers could easily transport water, hence keeping drought away
from their irrigation systems. In this age, a wide range of
agricultural produce was grown, including cotton, citrus fruits,
apricots, saffron, artichokes and sugar beets. This range of
temperate agricultural produce was carried on to Europe by way
of the Arab and Umayyad states of Spain, which exported lemons,
almonds, figs, oranges, cotton, and bananas across the continent.
Meanwhile, the use of the plough was an important innovation to
Asian agriculture in China during the millennium dating from
(Banning 1998; Barkai & Liran 2008).

With the end of Roman domination in Western Europe
following the Migration of Tribes, the population rapidly
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increased in these areas. In order to feed them, more land had to
be brought under cultivation. Forests and swamps were, therefore,
converted into arable land. For ploughing such extensive areas,
heavy ploughs pulled by oxen were used. Over time clayey soils,
difficult to work, came to be tilled using 8-10 oxen (Rollefson et
al., 1992; Barkai, 2011). At that time, the Romans practised crop
rotation, growing grain one year and leaving the land fallow the
next. Over time, the peoples of Europe learned to sow oats, rye
and barley. Thus, while the land was cultivated in the winter and
spring of one year, it was left fallow the following year (Bocquet-
Appel and Bar-Yosef, 2008; Bocquet-Appel, 2011).

The open field system was implemented in Europe in the
800s. According to this system, every farmer grew a variety of
agricultural products on land with long, narrow fields. Such fields
were often constructed on sloping ground so that excess water
could be drained down deep ditches. Under the open field system,
each farmer grew their own field to support their family.
However, fertilising and ploughing were done using division of
labor. This system remained in use in Europe until the start of the
207\(th) century. During the Middle Ages, nearly all agricultural
operations were performed using hand tools. While this reduced
yields considerably, some produce was also lost due to late
harvesting (Valla et al., 2002; Weninger et al., 2009).

Many people died in Europe as a result of the plague
epidemics in the 14th century. The population further decreased
rapidly due to the Hundred Years' War, which broke out during
the same time. Due to these events, agriculture faced a decline
and people were unable to feed themselves properly. Later on,
fields, particularly in England, were enclosed, and commercial
cultivation was started in these enclosed fields. As a result of this,
for the first time, agricultural markets were established in cities
in Europe. Therefore, people living in cities were provided with
easy access to the agricultural products, which was very handy.
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Thus, the urban populations increased significantly (Kuijt and
Goring-Morris, 2002; Hill, 2009).

3.3. Modernization in agriculture

Throughout history, large-scale agricultural production
has always presented significant challenges. The first of these is
providing nutrients for crops. Traditionally, people have used
animal excrement as fertiliser, left their land fallow and rotated
their crops (Bocquet-Appel, 2011; Rosen & Rivera-Collazo,
2012).

A great revolution occurred in the Western world in the
18th century, particularly in England. The introduction of turnip
and clover cultivation meant that land no longer needed to be left
fallow. Turnips play an important role in animal production as a
winter food source, and thanks to them, both the number of
animals produced and those fed has increased. Consequently, as
the number of animals increased, so did the amount of manure
produced (Hill, 2009; Liran & Barkai, 2011).

Another significant development was the quadruple
rotation system devised by the English farmers Viscount Charles
Townshend and Thomas William Coke, who were both from
Norfolk. This method involved planting wheat, turnips, barley
and clover consecutively in fields, thus eliminating the need for
fallow land. During this period, quality animals were also selected
from other species. Townshend and Coke thus obtained fertile
species and added clay and chalk to the poor, sandy Norfolk soil
to increase the yield. In contrast, the adoption of new methods
was slower in Europe, where French and German farmers were
reluctant to abandon traditional cultivation techniques (Ucko and
Dimbleby, 1969; Rosen and Rivera-Collazo, 2012). As the
industry developed, many other innovations followed. Cast iron
was first used in ploughs, rollers and harrows. In 1840, the
German chemist Justus von Liebig discovered that plants needed
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potassium, phosphorus and nitrogen to develop properly. The
importance of different types of soil and fertilisers in increasing
agricultural yields was also recognised. Meanwhile, in England,
John Lawes and Henry Gilbert produced artificial fertiliser by
reacting phosphate-rich rocks with sulphuric acid. This marked
the beginning of the use of artificial fertilisers as we know them
today. In 1843, clay drainage pipes were invented, and large fields
were subsequently fitted with inexpensive, straightforward
drainage systems. These developments opened a new era in
agriculture, demonstrating that agricultural activities worldwide
generate economic income through market sales (Boyle and
Ardill, 1989; Delate and Combardella, 2000; Kim et al., 2009).

The situation in some European countries, however, has
been different. In France, for example, when the nobles started
living around the palace instead of on their own estates, the land
was gradually taken over by the peasants. By 1789, 40% of
France's land was owned by peasants. Such agricultural
developments have also radically altered social life, with similar
changes occurring across the globe, particularly in rural European
areas (Weninger et al., 2009; Willcox et al., 2009).

3.4. Agriculture today

Today, agriculture is primarily carried out for commercial
purposes. Advances in transportation mean that agricultural
products can now be transported cheaply and quickly, even to
distant settlements. Before the end of the 19th century, Europe
imported grain, dairy products and salted meat from America. As
storage and cooling methods improved, Europe began to engage
in agricultural trade with many countries. During the First World
War, when transportation became difficult, farmers around the
world sold their produce to Europe at high prices. After this
period, Europe entered into great competition with America
(Altieri and Anderson, 1992; Altieri and Rosset, 1996).
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When European countries were unable to make sufficient
progress in agriculture, some, especially England, turned to
animal husbandry and started producing milk and dairy products.
Scientists in this area have achieved efficient production by
crossing their fattened pets. Denmark and the Netherlands in
particular have advanced Europe in this field by selling dairy
products to other countries. However, World War Il dealt another
blow to this progress, causing production in Europe to decline
drastically. Consequently, many European countries faced the
threat of famine for a long time (Gebbers & Adamchuk, 2010;
Grassi, 2014).

Thanks to scientific developments, agricultural activities
can now be carried out in a wide range of geographical areas and
conditions. Changes made to the genes of plants and animals
mean that the risks of certain species contracting diseases can be
reduced. However, although agricultural spraying increases yield,
it also harms nature and crop quality. Furthermore, animals are
given hormones to produce more meat and milk in a shorter time.
This method is also used in crop production to ensure that herbal
products are produced more abundantly. However, in meat and
milk production, overfeeding animals in small enclosures and
preventing them from seeing daylight creates a productivity-
enhancing effect. This also reduces product quality and
authenticity. Advanced vaccination techniques combat the
disease risks faced by animal and plant species. Additionally, the
shift towards organic agriculture, particularly in Western
societies, is gaining attention (McBratney et al., 2005; Lichtfouse
etal., 2009).

3.5. View of agriculture by country

Agriculture played a significant role in humanity's
transition to collective living. Although it remained the main
source of livelihood for most people until the Industrial
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Revolution, significant developments in agriculture and
technology have occurred in recent years. Significant changes to
agriculture occurred, particularly during the 20th century
(Richards et al., 2018; Riegg et al., 2018). Conversely, many
governments worldwide invest in agriculture to ensure the
production of quality food. Much of this investment is directed
towards wheat, corn, rice, soybeans and milk. However, many
investments in developed countries are ineffective and harmful to
the environment.

The mechanisation of agriculture, accompanied by the use
of artificial fertilisers, causes significant environmental damage,
particularly in terms of water pollution. In the 21st century, as
environmental problems and abnormal natural events have
emerged, especially global warming, the level of mechanisation
with the addition of artificial fertilisers applied to agriculture has
begun to be reduced (Pifieiro and Viglizzo, 2018; Pifieiro et al.,
2020).

First discussed at the turn of the 20th century as an
alternative to the environmental damage occurring from
conventional farming techniques, organic agriculture provides a
solution to these problems. While the practice garners significant
worldwide attention, organic farming due to its expense is only
affordable to the upper classes of the population. The largest
supporter of this type of agriculture in the world is the European
Union. The EU named the practice 'organic agriculture’ when
adding it to their literature in 1991, and the practice took off with
the formation of the CAP organisation in 2005. One of the most
prevailing problems addressed by organic farming is food filled
with hormones created by the farming process (Mclintyre et al.,
2009).

Consequently, at the end of the year 2007, many
agricultural commodities, especially grain, have seen price
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increases in the fluctuating global economy. In the future, food
wars are foreseen to break out in Africa and many other
developing countries due to increasing food prices. The United
Nations predicts that by 2025, Africa will only feed 25% of its
population.

Agriculture nowadays has two different goals. The first
group comprises those people who grow food only to feed their
families. The second group comprises the individuals and
organisations that are involved in the commercial part of
agriculture. For industrial agriculture, the focus is on trade, so
there is immense potential for fertilisation, seeding, its
maintenance, and irrigation. Similarly, the areas that it covers are
large. Development in agricultural chemistry in particular helped
increase production with less need for labor in the 20th century.
However these have resulted in not only the production of
unhealthy food, but also unemployment.

Although pesticides used in agriculture prevent damage to
a great extent caused by pests, they disturb the natural balance
and result in harming the environment. Despite that, agricultural
machinery like tractors increases the production and feeds more
people. A sharp rise in agricultural production was seen in the
20th century, which replaced the primitive tools of agriculture
with modern machinery and irrigation system. Mechanisation in
agriculture is ranked as one of the 20 greatest revolutions in the
world according to the United States' National Academy of
Engineering. According to data in 1999, modern technology has
enabled a single farmer to feed more than 130 people (Witkowski
and Medina, 2016; Witkowski et al., 2016). The major issues that
are affecting agricultural production and economy includes
environmental impact, pesticides, climate change, and relation of
agriculture with oil.
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4. RESULT

Throughout the process stretching from the dawn of
human history to the present day, agriculture has evolved beyond
being merely a production activity, becoming one of the
fundamental dynamics that shape societies' economic structures,
social organisation and relationship with the environment.
Agriculture played a pivotal role in the transition from a hunter-
gatherer lifestyle to a settled life, making the emergence and
development of civilisations possible. With the creation of
surplus production came the foundations for phenomena such as
trade, specialisation, and urbanisation. Thus, when considered
within the context of historical continuity, agriculture has played
an indispensable role in the development of human civilisation.

Technological developments, particularly  modern
production techniques developed in the 20th century, have
increased agricultural production and contributed to a significant
increase in the global food supply. However, the intensive, input-
based production models adopted during this process have led to
increased pressure on natural resources and disrupted ecosystem
balance. Declining soil fertility, water pollution, loss of
biodiversity and negative climate change effects on agricultural
production make it imperative for the agricultural sector to re-
examine its current production approach.

Today, agriculture not only faces the responsibility of
feeding a growing world population, but also the
multidimensional task of ensuring environmental sustainability,
adapting to climate change and protecting natural resources. In
this context, unlike traditional production models, sustainable
agriculture approaches present a concept that considers ecological
integrity, prioritises efficient resource use and aims to minimise
environmental impact. Examples of such approaches include
precision  agriculture  practices, digital  technologies,
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agroecological methods, and climate-friendly production.
Precision  agriculture  practices, digital technologies,
agroecological methods and climate-friendly production systems
will be key to the future of agriculture.

Consequently, agriculture will remain of strategic
importance to humanity's survival, as it has been in the past.
However, ensuring this continuity will require a shift in focus
from production to a new agricultural paradigm that considers
environmental, social, and economic factors holistically.
Therefore, sustainability should be considered a prerequisite for
shaping agricultural policies, scientific research and educational
activities, in order to leave future generations with a liveable
environment and a secure food system. Experience gained from
the historical development of agriculture should inform the
design of future agricultural systems, with long-term strategies
that consider not only today's needs, but also those of tomorrow.
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SEED COATING SYSTEMS IN MODERN SEED
TECHNOLOGIES

Elif CATIKKAS®

1. INTRODUCTION

Seed coating has become a key strategy in modern and
sustainable agriculture. This technology aims to optimize plant
development from germination by overcoming performance
limitations caused by environmental stresses, storage conditions,
and genetic factors (Javed et al., 2022). Thin coatings applied to
the seed surface allow for the direct and controlled delivery of
nutrients, microbial inoculants, biostimulants, and protective
agents (Javed et al., 2022; Kavusi et al., 2023). Such applications
enhance germination rate and speed, produce stronger and more
vigorous seedlings, and contribute to uniform field establishment,
ultimately improving crop yield (Panda & Mondal, 2020). In
addition, these coatings increase seedling resilience against biotic
and abiotic stresses, reduce the need for chemical inputs, and
promote efficient resource use and sustainability (Javed et al.,
2022; Panda & Mondal, 2020). Accordingly, seed coating is
regarded as a scalable solution to global challenges such as
climate change, soil degradation, and food security (Rahman et
al., 2024).

Considering the critical role of high-quality seeds in
achieving increased yields (with reports indicating up to 30%
yield improvements from using high-quality seeds (Afzal ve ark.,
2016), post-sowing performance is equally important. Seeds are

1 Assistant Professor, Karamanoglu Mehmetbey University, Vocational School of
Technical Sciences, ORCID: 0000-0002-0661-0219.
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exposed to various stress factors during germination and
emergence that can significantly affect their performance
(Zinsmeister ve ark., 2020). Appropriately selected and applied
chemical, biochemical, and biological seed treatments play a
crucial role in improving emergence success, early seedling
development, and ultimate yield potential (Sharma ve ark., 2020).
These applications, widely adopted by both the commercial seed
industry and producers, have become indispensable tools for
protecting plant health and supporting seedling growth (Afzal ve
ark.,2020; Taylor ve ark., 2020). In the context of sustainable
agriculture, there is growing interest in approved biological
treatments, especially for organic farming. This trend further
emphasizes the importance of innovative seed coating
technologies that allow for effective and controlled delivery of
active components to seeds (Taylor ve ark., 1990, Pedrini ve ark.,
2020).

The economic significance of seed coating technologies is
also increasing. The global market for seed coating materials was
approximately USD 1.8 billion in 2019 and is expected to reach
USD 3.0 billion by 2025 Markets and Markets (2020). While
chemical treatments still hold the largest market share (USD 3-5
billion in 2020) (Taylor ve ark., 2020), demand for biological
seed treatments, including biofertilizers, biopesticides, and
biostimulants, is rapidly growing (USD 1-1.5 billion in 2020)
(Taylor ve ark., 2020; Biological Products Industry Alliance,
2018). Thus, seed coating technologies not only provide
agronomic benefits but also represent a rapidly expanding
economic sector that supports the transition to sustainable
agriculture.
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2. COMPONENTS USED IN SEED COATING AND
THEIR FUNCTIONS

Active components used in seed coating aim to improve
seed and seedling performance by promoting germination, early
seedling development, and subsequent plant growth. Depending
on their mode of action, these components may exhibit protective
and/or growth-enhancing properties (Taylor et al., 2020). In
contemporary seed coating practices, biostimulants, plant
nutrients, agents providing protection against biotic and abiotic
stresses, and biological inoculants are widely utilized. In
particular, seed protectants containing fungicides, insecticides,
nematicides, and bactericides play a crucial role in controlling
pathogens and pests at sowing (Rocha et al., 2019). In addition,
selected bacteria and fungi are considered biological inputs for
plant protection and nitrogen fixation purposes (Rocha et al.,
2019; Ma et al., 2019).

To mitigate the adverse effects of abiotic stresses such as
salinity and drought that may occur after sowing, both biological-
and synthetic-based seed treatments are employed. In this
context, studies investigating the use of elicitors as active
components for pest management (Kalaivani et al., 2016; Lee et
al., 2016) and for enhancing drought stress tolerance (Tayyab et
al., 2020) have increased. In recent years, interest in and demand
for biostimulant and nutrient based seed applications have grown
markedly (Pedrini et al., 2017).

The persistence of active ingredients on the seed surface
from storage until sowing is critical to the success of the
application. Therefore, binders and adjuvants are incorporated
into coating formulations. Colorants facilitate the easy
identification of coated seeds and contribute to the visual
assessment of application uniformity (Pedrini et al., 2017). In
liquid formulations, water serves as the primary carrier, and low-
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viscosity solutions are preferred to ensure effective atomization.
Since most active ingredients have limited solubility in water,
surfactants are commonly used in the preparation of aqueous
formulations (Buffington et al., 2018). Moreover, certain
surfactants have been reported to directly enhance germination
and seedling emergence (Madsen et al., 2017).

Binders used in coating processes ensure the adhesion of
applied materials to the seed surface, maintaining coating
integrity after drying and preventing dusting and cracking during
handling and sowing (Afzal et al., 2006). Both organic- and
synthetic-based polymers are widely used for this purpose (Ryu
et al., 2006; Danielson et al., 2011). Solid particles, on the other
hand, function as filler materials that form the physical layer of
the coating; they must be selected to provide a uniform surface
without impeding radicle emergence (Taylor et al., 2003). These
materials are generally low cost, non-toxic, and applicable in fine
powder form (Kangsopa et al., 2018).

3. TYPES OF SEED COATING
3.1. Dry Powder Coating

Dry powder coating is a method based on mixing seeds
with dry powders and is traditionally known as the “planter box
application” (Taylor, 2003). Dry powders may consist of dried
microbial formulations or other coating materials applied to
seeds, and following application, seed shelf life may be
temporarily reduced (Taylor, 2003). The equipment used in this
method distributes the powder evenly and precisely onto the seed
surface through rotating brushes, screw, or conveyor systems, and
the machinery is calibrated according to seed weight (Figure 1).
Dry powders can reduce friction between seeds, thereby
improving flowability and singulation during sowing. The most
commonly used dry powders are talc and graphite (Anderson et

42



Bahce Bitkileri Yetistirme ve Islahi

al., 2014). Recent studies indicate that soy-based protein can be
used as an environmentally friendly and effective seed lubricant
and may reduce dust formation during sowing (Badua et al.,
2019). The dose of dry powder applied to seeds is limited by its
adhesion capacity to the seed surface and typically ranges from
0.06 to 1.0% of seed weight (Figure 2). In small-seeded species,
the increased surface area results in a higher powder retention
capacity (Anderson et al., 2014).

3.2. Dry Powder Coating

When low amounts of active ingredients are required, seed
dressing is the most widely wused application method
(Kimmelshue et al., 2019). Although various types of equipment
are available for seed coating (Jeffs, 1986), the rotating coating
machine is the most commonly used system in practice (Figure
1). In this method, liquid formulations are delivered onto a
rotating disc, atomized into fine droplets, and uniformly
distributed onto seeds moving within a metal cylinder; once
coating is completed, the seeds are discharged from the system.
A wide range of active ingredients, particularly chemical crop
protection products, can be effectively applied using this
technique.

The application rates of liquid formulations to seeds
generally range from levels below 0.05% up to 1% of seed weight
(Figure 2). In chemical seed treatments, especially when higher
doses of insecticides are required, flowability or finishing
powders are added immediately after liquid application to bind
excess liquid (Anderson, 2014). These dry powders can be
applied either directly into the rotary coating device during the
process or after treatment using dry coating equipment (Figure 1).
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Figure 1. The three main types of equipment used in seed coating
Technologies dry powder applicators, rotary coaters, and drum
coaters enable the application of five different coating types: dry
coating, seed dressing, film coating, encrusting, and pelleting
(Afzal et al., 2020).

3.3. Film Coating

The film coating technique, originally developed in the
pharmaceutical and confectionery industries, was later adapted
for seed coating applications (Taylor, 2003). In this method, a
thin, continuous film layer is applied to the seed surface, most
commonly using rotary coating machines (Figure 1). Polymer-
based liquid coating materials are formulated to dissolve and
uniformly distribute active ingredients. Film coating has been
reported to achieve approximately 90% application efficiency
while causing minimal changes in seed shape and size (Taylor
and Harman, 1990; Pedrini et al., 2017). Owing to improvements
in germination performance and reduced dust-off, film coating
has become one of the most widely used methods in seed
technologies (Taylor, 2003).

44



Bahce Bitkileri Yetistirme ve Islahi

In film coating, seed weight typically increases by 2-5%
(Taylor, 2020). For higher loadings, equipment with enhanced
drying capacity, such as aerated pans or fluidized bed systems, is
required (Black and Bewley, 2000). In addition, dry finishing
powders may be added to the rotary coater to increase the coating
load to approximately 5-8% (Figure 2).

The selection of film-forming polymers is of critical
importance for both sowing performance and environmental
safety (Halmer, 2006; Hill, 1999). For example, maize seeds
coated with PolySeed CF have been reported to produce less dust
and reduce insecticide loss compared with uncoated seeds
(Avelar et al., 2012).

3.4. Encrusting

Encrusting is a coating method achieved by the controlled
addition of liquid and solid particles onto the seed surface. This
process ensures complete seed coverage while largely preserving
the natural seed form (Taylor et al., 2020). In the literature,
encrusted seeds are sometimes referred to as “mini-pellets” or
simply as “coated seeds” (Taylor, 2003). The most commonly
used equipment for producing this type of coating includes rotary
coaters and coating pans (Figure 1). Because large amounts of
water are used during application, seeds must be dried after
treatment to return them to their initial moisture content before
packaging. As a result of encrusting, seed weight may increase
over a wide range, from 8% up to 500% (Figure 2).

Research has shown that encrusting can improve seedling
emergence performance. For instance, in fescue seeds, encrusting
applied prior to storage resulted in significantly higher
germination compared with post-storage treatments and untreated
seeds (Olivera et al., 2007). However, because coating thickness
and seed weight gain can influence germination rate, encrusted
seeds may germinate more slowly than film-coated seeds (Gorim
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and Asch, 2012). Moreover, the amount of binder plays a key role
in determining mechanical properties such as coating durability,
resistance to abrasion and compaction, and water solubility or
disintegration time (Qiu et al., 2020).

3.5. Pelleting

Pelleting is an advanced form of encrusting in which the
original shape of the seed is completely lost due to the increased
coating load (Pedrini et al., 2017; Taylor, 2020). In this process,
various mineral filler materials and binders are used; binders may
be applied in liquid or dry powder form and are mixed with filler
materials to create the coating matrix. Following pelleting, a
substantial increase in seed weight typically occurs, ranging from
500% to 5000%. This increase is commonly expressed as the ratio
of seed weight to the weight of the pelleted product (Figure 2).

The appropriate selection and compatibility of filler
materials and liquid components are crucial to avoid inhibition of
germination within the pellet matrix (Taylor, 2020). Pelleted
seeds are particularly preferred for small seeded, high value
vegetable crops where precision sowing is required. Common
examples include lettuce, onion, carrot, and tobacco (Taylor,
2003; Kangsopa et al., 2018; Javed and Afzal, 2018; Sikhao et al.,
2020). The physical properties of materials used in pelleting such
as particle size distribution, porosity, water-holding capacity, and
non-toxicity directly influence coating performance (Kangsopa et
al., 2018). For instance, combinations of bentonite with talc or
pumice have produced successful results in tobacco seeds,
whereas diatomaceous earth for broccoli and mixtures of calcium
carbonate and gypsum have been found effective for lettuce
(Guan et al., 2013; Amirkhani et al., 2016).

In certain specific cases, components such as calcium
peroxide are added to the pellet mixture to enhance germination
under oxygen-limited conditions; this approach has been shown
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to increase emergence rates in submerged rice cultivation (Mei et
al., 2017). Because pelleting requires comprehensive and
controlled application of active ingredients, liquids, and solid
particles, it demands greater expertise and time compared with
other coating techniques. In addition, coating integrity is closely
related to the type of materials used and the application
technology employed (Taylor and Harman, 1990).

500 - > 5000

8-500 .

5-8

Percent Weight Increase on log scale
(labels showing actual values)

1-2
0.06 - 1 TR

Dry coating Seed dressing Film coat Encrusted Pellet

'Finishing powder %

Figure 2. Percentage weight increase observed after different seed
coating technologies. The grey area represents the finishing
powder added during application in seed dressing and film

coating. For comparison purposes, the values are presented on a
logarithmic scale (Afzal et al., 2020).

3.6. Biological Seed Coating

Various seed coating materials have been developed to
enhance seed performance and support early plant growth.
Biochar, a carbon-rich material produced through the pyrolysis of
biomass, is applied in seed coatings due to its high water-holding
capacity and its ability to stimulate microbial activity. In addition,
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biochar improves soil properties and contributes to increased
carbon sequestration (Taugeer et al., 2022).

3.6.1. Biochar Based Seed Coating

Biochar is a material obtained by converting organic
matter into a carbon-rich form via pyrolysis. Owing to its high
water retention capacity and its ability to support microbial
activity, it is preferred in seed coating applications. Studies have
shown that biochar improves soil structure and enhances carbon
accumulation (Taugeer et al., 2022).

3.6.2. Alginate Based Seed Coating

Alginate is a natural polymer widely used in the
preparation of hydrogels with controlled or delayed release
properties. Derived from brown algae, this material is easy to
produce, environmentally friendly, biodegradable, and non-toxic.
In agriculture, alginate is commonly used as a slow-release
coating material or as a carrier for fertilizer elements (Skrzypczak
etal., 2021).

3.6.3. Chitosan Based Seed Coating

Chitosan is a biodegradable polymer derived from chitin.
It promotes germination by enhancing water uptake, nutrient
utilization, and tolerance to stress conditions. In addition, it
stimulates overall plant development, positively affecting yield,
chlorophyll content, and root and shoot growth. Chitosan coatings
offer an environmentally friendly and sustainable alternative to
synthetic chemicals in agriculture (Riseh et al., 2024).

3.7. Biological Seed Coating

Plant-beneficial microorganisms (PBM) play a crucial
role in sustainable agricultural practices due to their ability to
enhance nutrient uptake, increase tolerance to environmental
stresses, and provide resistance against pathogens. This group
includes plant growth promoting bacteria (PGPB), mycorrhizal
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fungi, and rhizobia. Through plant microorganism interactions,
PBMs contribute to processes such as stimulation of root
development, nitrogen fixation, phytohormone production, and
improved water and nutrient uptake (Paravar et al., 2023).

Microbial seed coatings represent an innovative approach
aimed at harnessing these beneficial effects of PBMs during the
early stages of plant development. In particular, PGPB belonging
to the genera Pseudomonas and Bacillus are widely used due to
their potential to enhance plant vigor and suppress pathogen
infections. Rhizobium species, which are notable for their
nitrogen-fixing capacity, are also frequently incorporated into
seed coating formulations, often in combination with other
beneficial microorganisms (Rocha et al., 2019). However, it has
been reported that certain coating components (e.g., lime or
fungicides) may reduce the effectiveness of Rhizobium (Adams
and Lowther, 1970).

Among fungal PBMs, Trichoderma species have shown
significant success in promoting germination, supporting plant
growth, and providing biocontrol against soil-borne pathogens
such as Rhizoctonia solani and Fusarium spp. The combined
application of Trichoderma with arbuscular mycorrhizal (AM)
fungi has been reported to enhance growth performance in some
field crops, such as wheat (Anjaiah et al., 2006). In
addition, Aspergillus and Gliocladium species have also been
investigated for their biological control potential (Adholeya et al.,
2005).

Although the combined use of multiple PBMs can
enhance plant resilience, in some cases single inoculations have
been found to be more effective. For example, the co-application
of Trichoderma with other microorganisms was reported to
suppress germination in lettuce, whereas its sole application
resulted in more favorable outcomes. Similarly, while certain co-
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inoculation formulations did not enhance growth in cowpea,
treatments containing only Pseudomonas led to improved plant
development (Abdela et al., 2020). A seed coating agent designed
to enhance microorganism-induced tolerance in barley is shown
in Figure 3.
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Figure 3. Microbial-based seed coating agents aimed at enhancing
stress tolerance in barley (Usmanova et al., 2024).

Environmentally friendly seed coatings, such as chitosan
and other biodegradable materials, offer a range of advantages for
sustainable agriculture. These coatings promote root development
by enhancing water and nutrient uptake, improve seed
germination and overall plant growth, and ultimately increase
yield and plant resilience (Riseh et al., 2024). In addition to
stimulating growth, some eco-friendly coating formulations have
demonstrated more than 80% effectiveness in controlling diseases
and pests, while natural extracts support seedling health through
their insecticidal and antibacterial properties (Fang et al., 2023;
Wei et al., 2019). Moreover, being produced from non-toxic and
environmentally benign biological materials, these coatings help
reduce pollution and pesticide residues, thereby protecting both
human health and ecosystems and supporting sustainable
agricultural practices (Wei et al., 2019).
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4. BENEFITS OF ENVIRONMENTALLY
FRIENDLY SEED COATING TECHNIQUES

Environmentally friendly seed coatings, such as chitosan
and other biodegradable materials, offer a range of advantages for
sustainable agriculture. These coatings promote root development
by enhancing water and nutrient uptake, improve seed
germination and overall plant growth, and ultimately increase
yield and plant resilience (Riseh et al., 2024). In addition to
stimulating growth, some eco-friendly coating formulations have
demonstrated more than 80% effectiveness in controlling diseases
and pests, while natural extracts support seedling health through
their insecticidal and antibacterial properties (Fang et al., 2023;
Wei et al., 2019). Moreover, being produced from non-toxic and
environmentally benign biological materials, these coatings help
reduce pollution and pesticide residues, thereby protecting both
human health and ecosystems and supporting sustainable
agricultural practices (Wei et al., 2019).

In conclusion, seed coating technologies stand out as
effective tools for enhancing germination, early seedling
development, and stress tolerance by enabling the controlled and
targeted delivery of active ingredients. Alongside conventional
approaches, the development of biological and environmentally
friendly coating materials contributes to increased agricultural
productivity and the promotion of sustainable production
systems. In the future, the wider adoption of coating formulations
optimized for specific species and environmental conditions is
expected to further strengthen the strategic importance of modern
seed technologies in agriculture.
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DERIM SONRASI OZON UYGULAMALARININ
BAHCE URUNLERINDE ANTIOKSIDAN
SAVUNMA SISTEMLERI UZERINE ETKIiSI

Seda SEVINC UZUMCU!
Derya ERBAS?
Mehmet Ali KOYUNCU?3

1. DERIM SONRASI DONEMDE OZON
UYGULAMALARI

Bahge iirlinlerinin derim sonrasi metabolik aktiviteleri,
kaliteleri ve pazarlama siireci, iiriinlerin olgunlasincaya kadar
gecen donemde uygulanan faktorlere (derim, derim zamant,
derim olgunlugu, derim Oncesi kiiltiirel islemler, beslenme vb.)
baglidir. Kisaca, bir Uriiniin bahgeden sofraya kadar olan stregte,
kaliteli olarak kalmasinda olgunlasma donemindeyken yapilan
uygulamalar 6nemlidir. Bu nedenle bahge Urtnlerinde derim
sonras1 yapilan tiim uygulamalar, mevcut kaliteyi korumak ve
triinlerin ~ bulunduklar1  kosullarda savunma sistemlerinin
gliclenmesi saglamak adina yapilmaktadir (Tiirk vd., 2017).
Bahge iirlinlerinde olgunlasma ve yaslanmayla birlikte fiziksel,
kimyasal ve biyokimyasal degisimler ve kayiplar meydana
gelmektedir. Bu degisiklikler ve kayiplar derim sonrasi bir¢cok
faktorden (sicaklik, nem, depolama kosulu vb.) etkilense de
zaman zaman ciddi boyutlara ulagsmaktadir. Derim sonrasi
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donemde goriilen kayiplarin  ana  sebepleri  arasinda
mikrobiyolojik bozulmalar ve ¢iiriimelerin 6nemli yer tuttugu
bilinmektedir (Simsek ve Koyuncu, 2024). Ozellikle kiif kaynakli
bozulmalar nedeniyle olusan mikotoksinler, insan sagligini
olumsuz yonde etkilemektedir (Saygili vd., 2025). Bu siirecte
tiriinlerin  kalitesinin korunmasinda sogukta muhafazaya ek
olarak farkli uygulamalar yapilmaktadir. Bunlar arasinda yer alan
en yaygin yontem fungusit uygulamasidir. Ancak tarimsal
tiretimde kullanilan fungusitler kalinti sorunu sebebiyle insan
sagligi lizerine olumsuz etkilere neden olabilmektedir (Arslantiirk
vd., 2025). Ayrica pestisitlerin artan dozlarda ve kontrolsiiz
kullaniminin  patojenlerin  bu maddelere karsi dayanim
kazanmasina sebep olmaktadir (Garcia-Martin vd., 2018).
Kimyasal yontemlere karsi ¢cevre dostu olan alternatif yontemler
diisiiniildiiglinde, uzun yillardir bircok alanda dezenfekte edici
ozelligi ile 6ne ¢ikan ozon (O3) uygulamalari dikkat cekmektedir
(Sitoe vd., 2025). Ozon ilk kez 19. ylizyilin ortalarinda Alman
kimyager  Christian  Friedrich ~ Schonbein  tarafindan
kesfedilmistir. Kimyager elektrik ile ilgili yaptigi deneyler
sirasinda olusan kokuya, Yunancada koklamak anlamina gelen
ozein kelimesinden tiiretilen ozon adin1 vermistir (Alvim-Ferraz
vd., 2024). Amerikan Gida ve Ilag Dairesi tarafindan 1997 yilinda
giivenli kabul edilen ajanlar grubuna alinan ozon, 2001 yilinda
yine ayni kurum tarafindan uygun oranlarda kullanildiginda
“gidalarla dogrudan temasinda sakinca yoktur” karariyla, bircok
sektorde yaygin olarak kullanilmaya baglanmistir (Ong ve Alj,
2015). Ozonun bahge iirlinlerinin derim sonras1 kalitesi lizerine
etkisi, ozonun uygulama tipine (suda ¢Ozlinmils veya gaz
formunda) ve dozuna (tek yiiksek doz, siirekli veya aralikli), tiriin
tipine ve meyvedeki mikrobiyal yike bagli olarak degismektedir
(Koyuncu vd., 2023). Bu nedenle uygun doz, uygulama tipi ve
uygulama yapilacak iriiniin fizyolojik 06zelliklerine dikkat
edilmesi, ozon uygulamasindan beklenen sonuglarin alinmasinda
en 6nemli adimi olusturmaktadir. Molekiil halindeki ozon veya
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ozonun ayrigan Urlinleri, herhangi bir kalinti birakmaksizin
mikroorganizmalar1 hizli bir sekilde inaktive edebilmektedir
(Mahapatra, 2005). Ozon, mikroorganizmalarla temas ettiginde,
hiicre = zarinda  bulunan  glikoproteinler,  glikolipidler,
lipoproteinler ve enzimlerle reaksiyona girmektedir. Bu
reaksiyon sonucunda okside olan hiicre zar1 bozulmakta ve hiicre
ici bilesenleri disar1 sizarak hiicrenin pargalanmasina neden
olmaktadir. Bu nedenle, derimden sonra paketleme evine
gelinceye kadar olan siirecte ya da depolamadan hemen 6nce
bahge firiinlerine yapilacak ozon uygulamalari, iirlin {izerinde
olugmasi muhtemel bakteri, mantar ve maya kaynakli istenmeyen
mikroorganizma yukund minimize edebilmektedir. Ozon
uygulamalar1 havaya (ortama) ozon gazi vermek veya ozon gazini
su igine enjekte etmek (¢6zmek) seklinde yapilabilmektedir. Gaz
halindeki ozon, iirliniin i¢inde bulundugu ortama (depo) siirekli
veya aralikli olarak uygulanabilirken, sulu formda ise ozon
derimden hemen sonra veya yikama islemi sirasinda
uygulanabilmektedir. Suda ozon uygulamalari, ¢6ziinmiis ozon
iceren suyu daldirma, ozonlanmig suyu piskiirtme veya
ozonlanmis suyla durulama seklinde yapilabilmektedir (Sarron,
vd., 2021).

2. BITKILERDE REAKTIF OKSIiJEN TURLERI
VE ANTIiOKSIDAN MADDELER

Bitkiler, gelisimleri boyunca viriis, fungus ve bakteri gibi
biyotik; sicaklik, kuraklik, radyasyon ve tuzluluk gibi abiyotik
stres kosullarina maruz kalmaktadir (Wang vd., 2025). Dogalari
geregi stres kosullarindan uzaklasma durumlar1 olmayan bitkiler,
bu olumsuz kosullara kars1 koyabilmeleri i¢in stres toleransi, stres
adaptasyonu ve stresten kaginma mekanizmalarini igeren
gelismis molekiiler savunma yeteneklerine sahiptir (Blyuk vd.,
2012; Torlak, 2019). Bitkiler kloroplast, mitokondri ve
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peroksizomlarda meydana gelen ¢esitli metabolik reaksiyonlar
sonucunda reaktif oksijen tiirleri (ROS) olugmaktadir (Van
Breusegem ve Dat, 2006). ROS’lar, hicre i¢i konsantrasyon
seviyelerine bagli olarak bitki hiicrelerinde ikili bir role sahiptir.
Diisiik seviyelerde bulunduklarinda hiicre i¢i sinyal molekiilleri
olarak islev gorerek antioksidan sistem {izerinde diizenleyici ve
olumlu etkiler gostermektedir (Waszczak vd., 2018). Bitki
gelisimi  sirasinda sentezlenen diisiik miktardaki ROS’lar,
hiicrenin detoksifikasyon mekanizmalari sayesinde zararli bir etki
olusturmazlar. Buna karsin, yiiksek konsantrasyonlarda biriken
ROS formlar toksik hale gelmekte ve niikleik asitler, proteinler
ve lipitler gibi ¢esitli organik molekiillerle etkilesime girerek
oksidatif hasara ve sonugta programli hiicre 6liimiine neden
olmaktadir (Sharma vd., 2012; Nilofar vd., 2024). Oksidatif stres
altinda yasamlarini1 devam ettirebilmek ve stresle basa ¢ikabilmek
icin bitkiler, ROS un kontrolii ve detoksifikasyonunu saglayan
cesitli antioksidan sistemleri bulunmaktadir. Artan stres faktorleri
ROS miktarindaki arttirmakta ve antioksidan savunma sistemleri
ile ROS’lar arasindaki dengenin bozulmasina neden olmaktadir.
Bu baglamda, buradaki temel sorun serbest radikallerin iiretimi
degil; stres gibi ekstrem kosullar altinda anormal ve asiri
miktarlarda uretilmeleridir.

2.1. Reaktif Oksijen Tarleri

Reaktif tiirler genis bir terim olup ROS, reaktif azot tiirleri
(RNS) ve reaktif kiikiirt tiirlerini (RSS) kapsamaktadir. Bu
tiirlerin bir kismi serbest radikal yapida olup, hiicre i¢inde radikal
siptiriicii  kapasitelerini asan seviyelerde birikmeleri sonucu
oksidatif strese neden olma potansiyeline sahiptir (Mittler, 2017).
ROS, reaktif tiirler arasinda en onemli grubu olusturmakta ve
serbest radikallerin yani sira eslesmemis elektronlar: bulunmayan
ancak oldukca reaktif olan ve radikal olmayan formlar1 da
icermektedir. Hiicrelerde bilinen baslica ROS bilesikleri (Cizelge
1) arasinda siiperoksit radikali (Oze—), hidroksil radikali (*OH),
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organik alkoksi (ROe) ve organik peroksil radikalleri (ROO¢)
(Gill ve Tuteja, 2010) ile radikal olmayan turleri ise singlet
oksijen (*O2), hidrojen peroksit (H202) ve ozon (Os) yer
almaktadir (Dumont ve Rivoal, 2019). Hicredeki en reaktif
oksijen tarlerinden biri olan *OH, enzimatik bir detoksifikasyon
mekanizmasina sahip olmadigindan c¢evresindeki biyolojik
molekiillerle ayrim gozetmeksizin reaksiyona girebilmekte ve
asirt miktarda iiretildiginde ise hiicre Sliimiine yol agmaktadir
(Biiytik vd., 2012). Buna karsilik, O2e— ve H20z2, diger ROS’lara

kiyasla daha segici reaksiyon gostermektedir.

Cizelge 1. Hiicrelerde bilinen bashca reaktif oksijen tiirleri

Savunma

ROS tiirt Ozellikleri X Kaynak
mekanizmasi

Hiicrede savunma sisteminin baslamasi, ﬁztki)lséaECAT)
o 9 Saons b sl 9B Lo o)
peroksit . . ) . Glutatyon "
(H:0,) miktarmm  yiiksek  olmasi  lipid peroksidaz (GPX) (2008)

72 peroksidasyonuna, DNA hasarina ve S
protein oksidasyonuna sebep olabilir. avunma
enzimleridir.

Hiicre  duvart  esnekligi, tohum

¢imlenmesi gibi bitki gelisiminde Detoksifikasyonun
Hidroksil olumlu katkilar sagladig: bilinmektedir.  da dogrudan gorev Richards
radikal Ancak en reaktif ve toksik ROS olmas1  alan  bir  enzim vd., (2015)
(*OH) sebebiyle hiicrede miktarindaki artig  sistemi v

lipit peroksidasyonuna, DNA hasarina  bulunmamaktadir.

ve hiicre élimiine neden olabilir.

Bitkiler, klorofil agisindan zengin

olduklart ve 'O, yapraklarda stirekli

tiretildigi i¢in 'Oy’nin neden oldugu

olfsidatif strese  maruz kalmak_ta_dl_r. Karotenoidler ve o-
Singlet ) géggr;ztasy(?rl](j#aen’ rli}%ien prme(;?;?;ﬂ tokoferol tarafindan Xie vd.,
oksijen (*02) fotosistem II aktivitesinin 151k kaynakli deEOKSIflkgsyonu (2019)

kaybindan sorumlu olan en 6nemli ROS saglanabilir.

olarak kabul edilmektedir. Ayrica

pigmentlerin "agarmast" veya

"beyazlagmasina" sebep olmaktadir.
Suiperoksit .Om. .reaktiVite’ lfl.sa. 6mﬁrlﬁ_d ﬁr'. Hiicre tSa?aI?mdan erem Phua vd.,

E igerisinde asir1 birikirse oksidatif hasar o

anyonu (O;) . detoksifikasyonu 2021

olusturma potansiyeli vardir. saglanir

Radikaller ile biyolojik molekiiller arasindaki etkilesimi
Onleyebilmek icin antioksidanlarin, radikalin olustugu bdlgenin
yakininda olmasi ve biyolojik substratlarla serbest radikaller
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arasinda rekabet edebilmesi gerekmektedir (Arora vd., 2002).
Antioksidanlarin ROS'un nétralize edecek yeterli miktarda
bulunmamast durumunda lipit peroksidasyonu, protein hasari
(aminoalkanoik asit kalintilarinin karbonillenmesi), DNA ve
RNA oksidasyonu, enzim inhibisyonu ve apoptoz aktivasyonu
gibi biyomolekillerde hasarlar meydana gelmektedir (Gill ve
Tuteja, 2010). ROS’lar genel olarak zararli molekiiller olarak
degerlendirilse de hiicresel sinyal iletiminde 6nemli gorevler
ustlendikleri bilinmektedir (Waszczak vd., 2018; Sood, 2025).
Bitkilerde ROS’lar, biiylime, gelisme, doku farklilagmasi, kok
gelisimi, tohum ¢imlenmesi ve yaglanma gibi siireglerin
diizenlemesinde gorev almaktadir. Stres kosullarinda kontrollii ve
diisiik konsantrasyonlarda biriken ROS’lar, savunma sinyalleri
olarak islev gorerek antioksidan enzim sistemlerinin
aktivasyonunu ve stres toleransinin artmasini tetiklemektedir

(Sood, 2025).
2.2. Bitki Antioksidan Savunma Sistemleri

Antioksidanlar, hiicreleri serbest radikaller adi verilen
zararli molekiillerin neden oldugu hasardan korumaya yardimci
olan bilesiklerdir. Oksidatif zarar1 azaltmaya yardimci olduklari
icin birgok sistemde cok dnemlidir (Gocer vd., 2013; Cakmakci
vd., 2015). Asir1 oksidasyon seviyesi ve hiicre bilesenlerinin
indirgenmesi bitki i¢in zararlidir, bu yiizden redoks homeostazini
korumak hiicre igin ¢cok dnemlidir (Foyer ve Shigeoka, 2011).
Bundan dolay: bitkiler antioksidan aktiviteye sahip bilesikler
acisindan son derece zengindir. Antioksidatif savunma sistemleri
tirden tire farklilik gosterse de her bitki dokusu igerisinde
mevcuttur (Wachter vd., 2005; Pulido vd., 2009). Tanim1 geregi
antioksidanlar, serbest radikal reaksiyonlarini inhibe edebilen ve
hiicre hasarimi geciktirebilen veya onleyebilen molekdlleri temsil
ederler ve oksitlenebilecek potansiyeldeki  substratlari
oksidasyonunu 6nemli o6lcide geciktiren veya engelleyen
molekdllerdir (Nimse ve Pal, 2015; Dumont ve Rivoal, 2019).
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Daha diisiik konsantrasyonlarda bile oksidasyona karsi miicadele
edebilen antioksidanlar, enzimatik ve enzimatik olmayan
antioksidanlar olmak {izere iki kisimda incelenmektedir.
Bitkilerin, hiicre savunma sisteminde ROS’larin temizlenmesinde
aktif rol alan distiik nispi molekiiler kiitleli enzimatik
antioksidanlar suda-c¢oziinebilen bilesiklerden olan askorbat,
glutatyon ve fenoller ile yagda-¢Oziinebilen tokoferoller,
tokotrienoller ve karotenoidlerdir. Bu enzimatik olmayan
bilesikler reaktif oksijen tiirleri ile kendi kendine reaksiyona
girebilir, ancak siperoksit dismutaz (SOD), katalaz (CAT)
askorbat peroksidaz (APX) ve glutatyon peroksidaz (GPX) gibi
enzimatik antioksidanlarin reaksiyon detoksifikasyon verimliligi
daha yuksektir (Noctor ve Foyer, 2016; Noctor vd., 2018).
Enzimatik antioksidanlar ve enzimatik olmayan antioksidanlar
farkli  sekillerde calisarak  oksidatif  stresin  etkilerini
sinirlandirmaktadirlar.SOD, oksidatif stres aninda ilk savunma
hatt1 olarak gorev yaparak O2¢—'nin hizl1 dismutasyonunu katalize
etmekte ve nispeten daha az zararli ve stabil olan H202’ye
donistiirmektedir. Boylece *OH olusumunu azaltarak oksidatif
stresi hafifletmede ciddi bir rol oynamaktadir. SOD katalizli
dismutasyon reaksiyonlar1 kendiliginden olusan reaksiyonlardan
10.000 kat daha hizli ¢alismaktadir. SOD enziminin Cu/Zn SOD,
Mn-SOD ve Fe-SOD olmak tizere 3 farkli izoenzim formu
bulunmaktadir (Zheng vd., 2023). Bu izoenzimler H202 ve
potasum siyaniir’e karsi hassasiyetlerine gore farklilasmaktadir
(Bannister vd., 1987). Hucre icerisindeki cesitli metabolik
faaliyetlerde sinyal gorevi goren H202 dengede tutulmasinda hem
koruyucu hem de duzenleyici olarak yer alan en 6nemli
enzimlerden birisi CAT’dir (Mhamdi vd., 2010). Hiicre
organelleri g0z oniinde bulunduruldugunda CAT
peroksizomlarda yiliksek miktarlarda bulunmaktadir (Joseph ve
Jini, 2010). CAT, oksidasyon sirasinda iki H202 molekaltnin
indirgeme esdegerine ihtiyag duymadan su ve oksijene
ayrismasini  katalize etmekte benzersiz bir yetenege sahip
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oldugundan H202 detoksifiye etme konusunda oldukga etkilidir
(Arora vd., 2002). APX ilk smf peroksidaz enzimi olarak
degerlendirilir ve APX enziminin sAPX, tAPX, mAPX, cAPX ve
mitAPX olmak tizere 5 farkli izoenzim formu hiicre organellerine
dagilmis durumda bulunmasi sayesinde APX enziminin bitki
hiicresi i¢in dnemli oldugu belirlenmistir (Jimenez vd., 1997; De
Leonardis vd., 2000). Cesitli ¢evresel streslere yanit olarak ortaya
¢ikan bu izoenzim formlari, antioksidanlar arasindaki iletisimin
kurulmasinda 6nemli bir rolii bulunmaktadir (Veljovi¢-Jovanovié¢
vd., 2018). APX enzimi normal metabolik siiregclerde olusan
diisiik diizeydeki H202’yi kontrol altinda tutarak asir1 birikimini
onler ve hiicrenin korunmasinda gorev alir (Pandey vd., 2017).
H202'ye karst giliglii bir aktiviteye sahip olan diger enzim
GPX°dir. Bitki hiicrelerindeki fizyolojik islevleri bakimindan
GPX ligninin biyosentezi, indol-3-asetik asit adli bitkisel
hormonun pargalanmasi ve biyotik stres faktorlerine karsi
H202’nin detoksifikasyonunda gorev almaktadir (Herbette vd.,
2002). GPX enzimi kuraklik, agir metal toksisitesi, asirt sicaklik
ve tuzluluk gibi stres kosullarinda artis gostererek ROS birikimini
sinirlamada gorev almaktadir (Fu, 2014). Enzimatik olmayan
antioksidan maddeler arasinda olan askorbik asit, ¢esitli
enzimatik ve enzimatik olmayan reaksiyonlar icin elektron verme
yetenegine sahip oldugundan giiclii bir antioksidan kaynagi
olarak kabul edilmektedir (Gegotek ve Skrzydlewska, 2023).
Askorbat bitki dokularinda farklilagsma, biiylime ve metabolizma
gibi Onemli siireglerde rol oynamaktadir. Bitki hicrelerinde
kantitatif olarak dominant bir antioksidan olan askorbat,
potansiyel olarak zararli dis pro-oksidanlara karsi birincil
savunma hatti olarak kullanilmaktadir (Davey wvd., 2000).
Askorbat, *OH, Oze— ve 'O2'yi dogrudan yakalayabilir ve ayrica
APX enzimi araciligiyla H202’yi suya indirgeyebilmektedir
(Noctor ve Foyer, 1998). Glutatyon, bitkilerde stres aninda
savunma mekanizmasint etkileyen en Onemli antioksidan
olmayan enzimlerden biridir (Hasanuzzaman vd., 2017), fakat
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glutatyon’un oksidatif strese karsi gorev alabilmesi igin
indirgenmis formda bulunmas: gereklidir. Indirgenmis formdaki
glutatyon  6nemli  bir  kiklart depo formu olarak
kullanilabilmektedir ve hiicresel biiytime, gelisme, kiikiirt
taginmasinin regiilasyonunda, sinyal iletimi, protein ve nukleik
asit sentezi ve strese neden olan genlerin ifadesi de dahil olmak
lizere ¢esitli biyolojik siire¢lerde onemli roller oynamaktadir
(Bartoli vd., 2017). Bu 6nemli rollere ek olarak, glutatyon’un ana
rolu glutatyon-askorbat dongusii araciligiyla baska bir giiclii
hidrofilik antioksidan olan askorbik asidi rejenere etme
yetenegidir (Sharma vd., 2012). Bitkilerde yaygin olarak bulunan
ve glclii antioksidan kapasiteleri ile iliskilendirilen fenolik
bilesikler, serbest radikalleri detoksifiye etmek icin ¢ok uygun
olan yapilar icermektedir. Bu bilesikler, 1O2'yi direkt detoksifiye
etmekte ve lipit alkoksi radikallerinide detoksifiye ederek lipit
peroksidasyonunu inhibe etmektedir (Sharma vd., 2012).
Tokoferoller hem antioksidan hem de antioksidan olmayan
islevlerde gorev aldiklar1 i¢in hiicre membranmin temel
bilesenleridir. Tokoferoller, lipofilik antioksidanlarin bir iiyesidir
ve fotosentetik organizmalar tarafindan sentezlendikleri igin
bitkinin yalnizca yesil ve fotosentetik olarak aktif kisimlarinda
bulunmaktadir. Bu yiizden, kloroplastlardaki *O2'yi detoksifiye
edilmesinde tokoferoller antioksidan olarak goérev almaktadir.
Ayrica, lipitleri ve diger membran bilesenlerini ve fotosistem
yapisini ve performansint korumaktadir (Sharma vd., 2012). Sari,
turuncu ve kirmizi renk olusumlarindan sorumlu olan likopen, -
karoten, ksantofil, lutein ve zeaksantin gibi karotenoidler, reaktif
oksijen tlrlerini detoksifiye edebilen ve lipid peroksil radikalini
en etkili sekilde yakalayarak hiicre membran korumasi saglayan
lipofilik antioksidanlardandir. Karotenoidler bitki dokularindaki
fotosentetik  bilesenleri korumak icin 1Oz  detoksifiye
edebilmektedir. Bu yiizden, karotenoidler, fotosentetik aktiviteyi
korudugu i¢in enzimatik olmayan antioksidanlar smifinda yer
almaktadir (Kehrer, 2000; Sharma vd., 2012).
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3. OZON UYGULAMALARININ ANTIiOKSIiDAN
ENZIM AKTIiVITELERI UZERINE ETKIiSi

Ozon uygulamalar ile ilgili dikkat ¢ceken noktalardan
birisi, kontrolsiiz kullanildiginda ozonun oksitleyici etkisi
sebebiyle ROS olusumu tetikleyerek, savunma mekanizmasini ve
antioksidan enzim aktivitesini degistirebilme ihtimalidir. Ciinkii
yuksek dozda veya siirekli uygulanmasi, dokularda oksidatif
hasara veya fitotoksiteye neden olarak enzim aktivitesinin
azalmasina yol acabilmektedir (Zhang vd, 2020; Botondi vd.,
2021). Son yillarda, bahge iiriinlerinde ozon uygulamalarinin
fiziksel ve kimyasal kalite 6zelliklerine katkilarinin arastirilmasi
yaninda, metabolik faaliyetleri diizenleyen enzimler {izerine
etkilerinin arastirlldigi calismalar da ©on plana c¢ikmaya
baslamistir. Bu ¢alismalarda, genel olarak ozon uygulamalarinin
enzimatik olan ve olmayan antioksidanlar (zerine olumlu
katkilarda  bulundugu, boylelikle iiriinlerinin  savunma
mekanizmasinin giiglenmesiyle ROS’larin birikiminin 6nlendigi,
olgunlagsma ve yaglanmanin geciktigi ve dolayisiyla muhafaza
stresinin uzadig1 ifade edilmistir. Ozon uygulamasinin
antioksidan maddeler tizerine etkisi; uygulama sekline, dozuna ve
iriin tipine baghh olarak degisse de genel olarak
degerlendirildiginde ozonun pozitif etkisi belirgindir (Cizelge 2).
Ozon uygulamalarinin, kivide SOD ve CAT aktivitesini arttirdigt
(Piechowiak vd., 2022), pitayada SOD, CAT gibi antioksidan
enzimlerinin aktivitesini diizenleyerek ROS seviyesindeki hizli
artist onledigi (Li vd., 2023), cileklerde stperoksit radikal
anyonlarinin diretim oranini diisiirdiigli ve hidrojen peroksit
(H202) igerigini, stiperoksidaz (SOD), katalaz (CAT), askorbat
peroksidaz (APX) ve monodehidroaskorbat rediktaz (MDHAR)
aktivitesini artirdigi belirlenmistir. Ayrica askorbik asit (ASA),
glutatyon (GSH) ve ferrik indirgeyici/antioksidan aktiviteyi
tesvik ettigi rapor edilmistir (Zhang vd., 2020).
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Cizelge 2. Ozon uygulamalarinin iiriinlerin antioksidan savunma

sistemleri Uzerine etkisi

) Uygulama
Uriin dozu ve Sonug Literatiir
yoéntemi
0 15 25 PAL, POD ve PPO enzim
3’5 'Vé 50’ aktivitelerini arttirdigi, solunum
Papava .L L1 " hiz1 ve etilen {iiretim miktarimi Ong vd.,
pay gaz formda baskiladig1, antioksidan savunma (2014)
siirekli mekanizmasinin etkinligini
arttirdig belirlenmistir.
2'121 frﬁz SOD, CAT, POD ve PPO enzim
Ve_3 S aktivitelerini diizenledigi,
m S o N Zhao vd.,
Armut antioksidan aktiviteyi arttirdig1 ve
Gaz formda T (2013)
Her gin 1 yumusamay1 geciktirdigi rapor
saat edilmistir.
Meyve kalitesini  korundugu
1 mg L1 belirlenmis ancak antioksidan
1 g potansiyeli ~ olan ~ maddeler .
S d : . - De Almeida
(askorbik asit, dehidroaskorbik
Mango 10 ve 20 dk . .. Monaco vd.,
asit, B-karoten ve toplam fenolik
Suda K . ) (2016)
uygulama maddg miktar1) iizerine net bir
etkinin  saptanmadigi  ifade
edilmistir.
10 ve 100 Kalitenin korunmasi, SOD ve Piechowiak
Kivi ppm CAT enzimlerinde artis, daha vd., (2022)
Gaz formda  diisiik ROS "
Ozon uygulanmig armutlarda
ROS  dretiminin  ve lipid
Armut 1 ppm peroksidasyonunun _ _azaldl_gl; Lin vd.,
Gaz formda SOD, CAT, POD gibi enzim (2024)
aktivitelerinin ise artigi
bildirilmistir.
Yaban 15 ppm SOD, GPx, PAL aktiviteleri  Piechowiak
mersini  Gaz formda artmig; ROS seviyesi azalmustir. vd., (2020)
_— 12 saat CATZ APX GPXV ve S,OD Modesti vd.,
Uzlm Gaz formda aktivitelerini arttirdigi, PPO’yu (2018)
ise diigiirdiigii bildirilmistir.
10.72 mg SOD, CAT ve APX enzim Zhana vd
Cilek m3 aktivitelerinin artirlldig (20%0) B
Gaz formda  bildirilmistir.
. 200 L L? SO.Di CAT ve APX enzIM 54 5nkorn
Mandarin aktivitelerini artirdigi
Gazformda . ...~ . . vd., (2012)
bildirilmistir.
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GENETIC RESOURCE MANAGEMENT IN
VEGETABLES: IN SITU AND EXSITU
CONSERVATION OF LOCAL VARIETIES AND
GENOTYPIC VARIATION

Andac¢ Kutay SAKA!

1. INTRODUCTION

Horticultural crops play an important role in revitalizing
rural economies as high-value products (Kang et al., 2025).
Horticultural crop production is particularly attractive for small-
scale farmers. Research is being conducted on important
horticultural crops for the purpose of collecting, conserving, and
evaluating genetic resources in horticultural crops. Collected
genetic materials should be used for sustainable variety
development studies and to prevent the extinction of these
materials. Garden plants, which constitute a significant part of
plant genetic resources in agricultural production, include fruits,
vegetables, root and tuber vegetables, vines, and ornamental
plants. Important horticultural crops include hazelnuts (Karakaya
et al., 2023; Yilmaz et al., 2024), apples (Karatas, 2021), walnuts
(Basak et al., 2022), cherries (Demir et al., 2011), peach (Asma
and Oztiirk, 2005), tea (Islam et al., 2024), chestnut (Serdar et al.,
2014), grapevine (Celik et al., 2008; Aydemir and Goksu, 2023;
Kesgin et al., 2025), tomato (Henareh and Dursun, 2015; Oztiirk,
2022; Saka, 2023), pepper (Bozokalfa and Esiyok, 2011),
eggplant (Uysal et al., 2023), watermelon (Sahin, 2024), melon
(Yildiz et al., 2011), squash (Savkan et al., 2025), onion (Cebeci

1 Assisstant Professor, Ordu University, Faculty of Agriculture, Department of
Horticulture, ORCID: 0000-0001-5550-1978.
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et al., 2021), garlic (Ugur et al., 2021; Kirag et al., 2022), white
cabbage (Balkaya et al., 2005), and rose (Ogras et al., 2017).

The diversity of existing genetic resources, the result of
approximately 10,000 years of effort, forms the basis of today's
modern, high-yielding, disease-resistant, high-quality, and
nutrient-rich crop varieties. Plant genetic resources have been
used in various ways since the dawn of human civilization for
food, clothing, shelter, energy, animal feed, fiber, medicine, etc.
(Rajpurohit and Jhang, 2015). Rapid global population growth
poses significant obstacles to meeting basic human needs such as
shelter, food security, access to education, and general health.
Due to domestication efforts and subsequent developments,
genetic diversity has declined among commonly cultivated plant
species. Limited genetic diversity poses an obstacle to plant
breeding, especially under changing environmental conditions
(Bal et al., 2025). To alleviate this problem, wild relatives, which
are the wild equivalents of domesticated plant species, are being
studied and used more frequently (Dempewolf et al., 2017). Due
to their close genetic relationship with cultivated species, wild
plant species serve as reservoirs of important genetic traits for
plant evolution (Guarino and Lobell, 2011). Plant genetic
resources for food and agriculture include modern varieties,
breeding lines and germplasm stocks (a variety or line known to
possess one or more specific traits), landraces, ecotypes, local
varieties, and wild relatives of cultivated plants (Figure 1).
Breeding stocks, wild relatives of cultivated plants, and landraces
are among the most important resources for developing new plant
varieties (Tan, 2010; Tas et. al., 2017; Suma et al., 2025). In
general, there is a consensus that local varieties are genetically
heterogeneous despite their outwardly homogeneous appearance
(Camacho Villa et al., 2005). Although it is difficult to define
local varieties precisely, two types of definitions are used for local
varieties (Maxted et al., 2013).
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PLANT GENETIC RESOURCES
FOR FOOD AND AGRICULTURE

Figure 1. Plant genetic resources for agricultural cultivation
systems

First, they are dynamic populations of cultivated crops
that are typically genetically distinct, have not undergone formal
plant breeding processes, are adapted to local conditions,
integrated into traditional farming systems, and have a historical
background (Camacho Villa et al., 2005). Second, a local variety
of a seed-propagated plant can be defined as a recognizable
variable population, often with a local name. Therefore, local
varieties are not included in official plant breeding programs,
have high specific adaptations to the environmental conditions
(tolerance to biotic and abiotic stresses) of the region where they
are grown, and are closely related to the celebrations, dialect,
customs, knowledge, and traditional uses of the people who
developed and continue to cultivate these varieties (Negri, 2003).
Local varieties, which are an invaluable resource for agricultural
production, combating climate change, and food security, are
increasingly under threat, and genetic erosion is increasing
(Giorgi and Porfiri 1998, Ishikaw et al., 2006, Tsegaye and Berg

82



Bahce Bitkileri Yetistirme ve Islahi

2007). In recent years, the preference for certain types of crops in
agriculture has led to the risk of extinction of plant species that
are not preferred (Haspolat et al., 2016; Salgotra and Chauhan
2023). Therefore, it is essential to protect local diversity in a
systematic, coordinated, and integrated manner using in situ
(conservation of diversity in its natural habitat) and ex situ
(conservation outside its natural habitat) techniques. The
continuity of agricultural production is possible thanks to
increasing technology and a better understanding of plant
structures. At this stage, the conservation of genetic resources is
important (Gross et al., 2014). Two main strategies are used to
protect biological diversity in all agricultural production systems:
ex situ and in situ conservation, both of which are considered
equally important and complementary to each other (Maxted et
al., 1997; Dulloo et al., 1998; Engelmann and Engels 2002;
Dulloo et al., 2010).

2. INSITU CONSERVATION

In situ conservation is one of two fundamental strategies
developed to prevent the loss of biological diversity and refers to
the preservation of genetic diversity within ecosystems where
species inhabit their natural habitats (Aykas et al., 2018). The
main objective of this approach is to ensure that species maintain
their existence in the natural habitats where they preserve and
develop their distinctive characteristics. At the same time, in situ
conservation allows the evolutionary process to continue thanks
to the ongoing interaction between plants and the environment
(Tan, 2010). In situ conservation strategies for vegetable genetic
resources are divided into two main approaches, depending on the
type of ecosystem where conservation takes place.
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2.1. Conservation in Natural Habitats

This approach aims to protect wild species, their wild
relatives, and natural flora in natural environments that are
isolated from human influence as much as possible or specially
managed (Rajpurohit and Jhang 2015). Thus, wild species, which
are of great importance in vegetable variety development and
parent plant production, will be protected by isolating them from
negative factors. Protected areas and nature reserves are
established that allow species to remain within their natural
ecological continuity (natural or appropriately maintained),
thereby ensuring the creation of protected areas.

2.2. Conservation in  Agricultural  Ecosystems
(Conservation Under Farmer Conditions)

This approach involves maintaining agricultural
biodiversity and genetic resources in areas where farmers have
long cultivated them using traditional methods, namely in open
fields and their home gardens (Karagoz et al., 2025). This is also
referred to as “on-farm” conservation. The conservation of local
varieties, which have been cultivated by farming families for
thousands of years and are adapted to the ecological conditions of
their region, is essential. Local varieties have a moderate yield
capacity even under low input conditions and can tolerate biotic
and abiotic stress conditions to a high degree (Karag6z, 2014).
The in situ method protects not only genetic material but also the
treasure trove of “traditional agricultural knowledge” passed
down from generation to generation regarding the use, cultivation
techniques, and preservation of these products, thereby ensuring
the transfer of traditional knowledge (Karagdz et al., 2025).
Furthermore, farmer-based conservation programs aim to expand
farmers' participation in the conservation of agricultural
biodiversity and increase the use of these resources for local
livelihoods, thereby ensuring sustainable development
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integration (Tan, 2002; Tan, 2009). In conclusion, in situ
conservation provides a complementary and reliable conservation
method against the threat of genetic erosion that ex situ
conservation methods (such as seed gene banks or tissue culture)
cannot overcome alone, by ensuring the continuity of
evolutionary adaptation in natural environments.

3. EXSITU CONSERVATION

By definition, ex situ conservation is the protection of
biodiversity elements such as seeds, living plants, living tissue,
cells, and/or DNA material outside the natural habitats of
populations that are threatened or need to be collected and
protected (UNCED, 1992). The general advantages provided by
ex situ conservation are: the preservation of genetic diversity; the
ease with which scientists and breeders can readily use the
preserved genetic material to develop new and superior varieties
with traits such as resistance to disease, pests, drought, or heat; it
serves as a critical reservoir against damage that cannot be
prevented by in situ conservation, and it offers the only feasible
conservation method for species that are difficult or impossible to
conserve under in situ conditions (e.g., species that do not
produce seeds or have short-lived seeds). Ex situ conservation
methods span a wide spectrum, including gene banks, field gene
banks, in vitro storage banks, cryopreservation, pollen banks,
DNA banks, botanical gardens, and medicinal and aromatic plant
gene banks. However, seed gene banks are the most common
storage method for conserving the genetic resources of vegetable
species.

3.1. Seed Gene Banks

There are numerous gene banks located in different
regions of the world (the United States, Europe, Asia). Gene
banks play a vital role in the discovery, collection, conservation,
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and scientific dissemination of plant genetic diversity, which is
essential for improving crops for food, health, and nutrition
security (Rajpurohit and Jhang, 2015). A large proportion of the
species preserved in gene banks consist of plant species that form
the basis of human and animal nutrition (FAO, 2014). Among the
world's major seed gene banks are the United States Department
of Agriculture (USDA) in the USA, the French National Institute
for Agricultural Research (INRA) in France, the Asian Vegetable
Research and Development Center (AVRDC) in Taiwan, the
National Seed Gene Bank (NBPGR) in India, which holds a large
number of vegetable materials including tomatoes, peppers, okra,
and various cucurbits, the Svalbard Global Seed Vault in Norway,
located in Germany and containing 17,861 accessions of
important vegetable species (tomato, pepper, eggplant, carrot,
spinach, Allium, Brassica and the lettuce) the German Federal Ex
situ Gene Bank for Agricultural and Horticultural Plants and the
Vavilov Institute in Russia. Vegetable species account for 6.6%
of the materials preserved in gene banks (FAO, 2023). In our
country, the National Seed Gene Bank operates internationally
within the Aegean Agricultural Research Institute (ETAE) in
Izmir. This bank is a pioneering institution that has gained
significant experience in ex situ conservation since the 1960s. As
of 2023, 11.340 of the 57.767 seed samples stored in the ETAE
National Seed Gene Bank are vegetable materials. Among the
vegetable seed samples in the National Seed Gene Bank, the most
represented plant species are Capsicum spp., Cucurbita spp.,
Solanum lycopersicum, Cucumis melo, Hibiscus esculentus and
Citrillus spp. vegetable species (Binbir et al., 2024).

Seeds are dried to low moisture content and stored at low
temperatures without losing their viability. Seed banks are one of
the most commonly used techniques in the ex-situ approach to
conservation (Aykas et al., 2024). When seeds are dried to low
moisture content and stored at low temperatures (-18°C or
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below), they can be preserved for many years (up to 30 years in
the medium term and up to 100 years in the long term) without
losing their viability (Aykas et al., 2016; Panis et al., 2020).
Furthermore, seed gene banks offer storage convenience, space
savings, relatively low labor requirements, and the capacity to
preserve a large number of seed samples at a reasonable cost
(Aykas et al., 2018). As forms of plant seeds used as genetic
resources, they also provide a suitable and practical means for the
use and international exchange of collected genetic material.

3.2. Invitro Storage

Modern biotechnological methods offer significant
advantages in the conservation of species at risk of extinction,
overcoming the challenges faced by traditional conservation
methods (such as the need for large areas and propagation
problems) (Burun, 2021). In vitro propagation and conservation
methods, i.e., modern methods, can be applied to vegetatively
propagated species, species with short-lived seeds that are not
tolerant to desiccation, and some species that encounter different
problems (Paunescu, 2009; Pandotra and Gupta, 2015; Oseni et
al., 2018). In vitro methods for the conservation of genetic
resources are used for short- or medium-term preservation. The
in vitro storage of plant material is usually achieved by slowing
down growth. This is done by altering the culture medium
composition (reducing mineral or sugar concentration) or
environmental conditions (low temperature/light) (Rajasekharan
and Sahijram, 2015). In this way, genetic materials can be
preserved for several months to two to three years without
subculturing (Vasile et al., 2011).

3.3. Cryopreservation

This is a vital method for long-term preservation and
involves storing plant material (buds, meristems, embryos, etc.)
at ultra-low temperatures, typically in liquid nitrogen (-196°C)
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(Kulus, 2019; Dinato et al., 2020; Tirado-Perez and Sandoval-
Cancino, 2022). At this temperature, all metabolic processes and
cell divisions are halted, theoretically allowing genetic material
to remain unchanged indefinitely (Fiona, 2021). This method is
particularly important for the conservation of species that are
clonally propagated (vegetative) or have recalcitrant seeds.

3.4. DNA Banks

In this method, genetic information is preserved at the
molecular level, and DNA samples are stored under appropriate
conditions. DNA banking is an effective, simple, long-term, and
evolving technique for preserving genetic information. However,
there are some issues in practice related to gene isolation, cloning,
and the reintroduction of DNA into a plant. The development of
standard storage protocols is necessary for this technique (Van
Treuren and Van Hintum, 2014).

4. UTILIZING VEGETABLE GENETIC
VARIATIONS IN NEW VARIETY
DEVELOPMENT STUDIES

The use of vegetable genetic resources in new variety
development is of vital importance for ensuring the sustainability
of agricultural production and responding to global challenges.
Vegetable genetic resources are an indispensable genetic source
for breeding programs, as they enable the development of new
varieties with superior qualities (Salgotra and Chauhan 2023;
Khan, 2024; Teo and Yu 2024). The primary function of
vegetable genetic resources is to provide the genetic diversity
necessary for developing new varieties that are resilient,
productive, and high-quality in the face of challenging conditions
such as climate change, diseases, pests, and abiotic stresses
(Naqvi et al., 2022; Kapazoglou et al., 2023; Fraooq et al., 2025).
Turkiye's rich vegetable genetic resources are extensively used in
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both open-pollinated and hybrid variety breeding studies (Binbir
et al., 2024). The genetic diversity possessed by our country's
local varieties and wild relatives forms the basis for breeding
studies and is important in conferring resistance to abiotic/biotic
stress factors. Varieties developed in important vegetable species
using vegetable genetic resources in Turkey have been developed.
These varieties include Ege Pembesi 50, 1915 (Canakkale
Tomato), Menemen (open-pollinated varieties), and MASS 1001
F1 (hybrid variety) in tomatoes; Bagc1 Carliston, Ege 91, Ege Aci
Sivri, Uraz 98, Menderes, Seyrek, Aybar, Sare, and Arin; in
eggplant, Topan 374, Kemer 27, Aydin Siyah1 55, Halep 18, and
hybrid varieties Fener F1, Hisar F1, Karun F1, in melon; Kirkagag
637, Kirkaga¢ 589, Hasan Bey, Cinikiz 98, Cesme 2003, in
lettuce; Yedikule 5701 and Zumrdt, and in okra; Bornova 2003
varieties have been developed (Binbir et al., 2024). Over the past
10 years, studies have been conducted on the morphological
characterization of a total of 447 samples, including 289
populations of tomato (Solanum lycopersicum L.), 110
populations of pepper (Capsicum annuum L..), and 48 populations
of eggplant (Solanum melongena L.) (Binbir 2017, Binbir et al.,
2018, 2022).

5. FUTURE PROSPECTS

To record genetic erosion and changes in species
populations, plant genetic resources should be assessed at regular
intervals. In this process, it is recommended to use modern tools
such as Geographic Information Systems (GIS) to monitor and
map genetic erosion and to develop early warning systems
(Rajpurohit and Jhang, 2015). The current status should be
determined by conducting new surveys in areas that have not been
researched in the last 20 years, and new studies should be
conducted on species and topics that have not been studied. Since
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modern agricultural practices often lead to a decrease in crop
diversity, positive incentives should be provided to local
communities and farmers to encourage them to preserve diversity.
Furthermore, protecting the food and cultural practices that are
part of these communities' survival strategies is a critical step in
maintaining local diversity. In this context, agricultural programs
must be integrated with projects that ensure rural development
and livelihoods (Timberlake et al., 2024; Sithole and Olorunfemi
2024). Studies now show that simply collecting seeds is not
effective; instead, focus must be placed on how to best utilize
existing resources, the need for breeders to prioritize the
collection and documentation of materials with specific “traits”
(disease resistance, drought tolerance, etc.), Increasing the
biochemical and molecular characterization of local varieties;
strengthening the application of techniques such as gene pools
and “core collections” (Swarup et al., 2021; Nguyen and Norton
2020; Engels et al., 2024). In the future, advances in sensor
technology could optimize survival times by enabling individual
control of seed moisture content and storage temperature (Weise
et al., 2025). In addition, to increase scientific capacity, plant
breeders and scientists should be provided with free training in
inventorying, survey techniques, and genetic erosion studies to
develop the skills of technical personnel. Furthermore,
international connections should be strengthened for the
conservation of genetic resources, and sustainable funding
sources (such as the Global Crop Diversity Trust) should be used
effectively for these activities. It is also recommended that issues
such as the conservation of wild relatives be included in
Environmental Impact Assessment (EIA) processes. In summary,
efforts to conserve plant genetic resources can be likened to a vast
digital library. The main goal for the future is not only to add new
books (collect seeds) to the library, but also to index the contents
of these books in detail (characterization) and ensure that
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researchers can easily access this information to write the resilient
products of the future.

6. CONCLUSION

The effective management of vegetable genetic resources,
particularly wild relatives and landraces, is of vital importance for
global food security and adaptation to climate change. While
modern breeding efforts have been successful in increasing
yields, they have also led to a narrowing of genetic diversity and
made plants more susceptible to biotic and abiotic stress factors.
In this context, wild relatives of vegetables stand out as valuable
genetic reserves harboring resistance and adaptation genes lost
during the domestication process. In situ and ex situ conservation
approaches are two complementary fundamental approaches to
preserving this diversity. Seed gene banks serve as a critical
“insurance” for the long-term preservation and accessibility of
genetic material, while in situ conservation methods allow genetic
material to continue its evolutionary adaptation to changing
environmental conditions. However, simply collecting material is
not enough; the lack of data (passport data, phenotypic and
genotypic characteristics) in collections is one of the biggest
obstacles limiting the use of these resources in breeding
programs.

Consequently, the sustainable management of vegetable
genetic resources is not merely a conservation activity; it is a
strategy for building resilient agricultural systems for the future.
The in-depth analysis of existing collections using modern
biotechnological tools and the creation of new trait-focused
collections will make agricultural production more sustainable
and resilient to challenging environmental conditions.
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