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TOPRAKSIZ KULTUR YABAN MERSINI (BLU-
EBERRY) YETISTIRICILIGINDE FERTIGAS-
YON YONETIMI

Eser CELIKTOPUZ'

1. GIRIS

1.1.  Blueberry yetistiriciliginin 6nemi
1.1.1. Besin degeri ve ekonomik katkisi

Blueberry (yaban mersini), yiiksek antioksidan igerigi,
flavonoidler, antosiyaninler, C ve K vitaminleri, lif ve diisiik
kalorili yapist sayesinde fonksiyonel bir gida olarak taninmakta-
dir. Antioksidan o6zellikleriyle yaslanma karsiti etkiler sunar ve
kardiyovaskiiler hastaliklarin yani sira bazi kanser tiirlerinin
onlenmesinde potansiyel faydalar saglar (Nicoletti et al., 2015).
Bu meyvenin tiiketimi, saglik lizerindeki olumlu etkileri nede-
niyle 6zellikle fonksiyonel gida iiretiminde ve taze tiiketimde
yayginlasmistir (Yang et al., 2022).

Ekonomik agidan blueberry, katma degeri yiiksek tarim
driinleri arasinda yer alir. Artan saglik bilinciyle birlikte, taze
tikketim ve islenmis gida sektoriinde biiyiik bir pazar yaratmistir.
Amerika Birlesik Devletleri, Kanada ve Avrupa iilkeleri basta
olmak iizere, kiiresel pazarda iiretim kapasitesi ve talep her yil
artmaktadir (Zakaria et al., 2022). Ozellikle iglenmis iiriinlerin
yani sira dondurulmus blueberry tiiketiminin de yayginlagsmasiy-
la, tiretici llkeler i¢in 6nemli bir ihra¢ kalemi haline gelmistir
(Ma et al., 2018).

' ESER CELIK TOPUZ
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1.2. Kiiresel pazardaki yeri ve iiretim artis1 egilimleri

Blueberry iiretimi, son yillarda kiiresel diizeyde 6nemli
bir artig gostermektedir. Saglik iizerindeki olumlu etkilerine
yonelik artan farkindalik, bu meyveye olan talebi artirmistir
(Yang et al., 2022). Ozellikle Avrupa ve Asya gibi yeni pazarla-
rin gelismesiyle birlikte, tiretim ve tilketim dengesi kiiresel 6l-
¢ekte biiylimeye devam etmektedir (Zakaria et al., 2022). Ayri-
ca, liretim sezonunun uzatilabilmesi ic¢in kontrollii ortam tarimi
ve topraksiz kiiltiir gibi modern tekniklere basvurulmaktadir. Bu
da mevsim dis1 iiretimi miimkiin kilarak pazardaki strekliligi
saglamaktadir (Barkaoui et al., 2023).

1.3.  Topraksiz Tarimin Avantajlari ve Zorluklari
1.3.1. Geleneksel Tarima Gére Ustiinliikleri

Topraksiz tarim, bitkilerin su ve besin gereksinimlerinin
dogrudan sulama suyuyla saglandigi bir yetistirme yoOntemi
olup, sinirli tarim alanlarinda su verimliligi saglar. Topraksiz
kiiltiirde, geleneksel tarimin aksine pestisit kullanimina daha az
ithtiyac duyulur ve bitkiler toprak kokenli hastaliklardan korunur
(Barkaoui et al., 2023). Ayrica, besin maddelerinin etkin kulla-
nim1 ve bitki kdklerinin optimal sekilde beslenmesi ile yiliksek
verim elde edilebilmektedir (Nicoletti et al., 2015).

Bu yontem ayn1 zamanda, siirdiiriilebilir tarim uygulama-
larina katkida bulunur. Ozellikle iklim degisikliklerine bagli
risklerin azaltilmasi ve su tasarrufu saglamasi, topraksiz tarimi
daha cazip kilar (Ma et al., 2018). Modern tarimda kullanilan
sensorler ve otomasyon sistemleri sayesinde pH ve EC (elektrik-
sel iletkenlik) gibi kritik parametrelerin kontrol edilmesiyle,
bitkilerin stres altinda kalmadan biiyiimesi saglanir.
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1.3.2. Ogzellikle Blueberry icin Neden Uygun Bir
Yontemdir?

Blueberry, diisiik pH aralig1 (4.5-5.5) ve yiiksek organik
madde igeren ortamlari tercih eden bir bitki tiirlidiir. Ancak, her
toprak tipi bu gereksinimleri karsilamadigi i¢in, topraksiz kiiltiir
blueberry yetistiriciligi igin ideal bir yontem sunar (Yang et al.,
2022). Ornegin, kokopit (cocopeat), beyaz torf ve perlit gibi
substratlar, bitkinin kok sistemini desteklemek i¢in uygun su
tutma ve havalandirma kapasiteleri saglarlar.

Topraksiz tarimda pH, EC ve besin dengesi hassas bir
sekilde kontrol edilebildigi igin blueberry, ideal biiyiime kosul-
larinda yetisir. Bu da bitki stresini onleyerek daha yiiksek verim
ve kaliteli meyve tliretimi saglar (Zakaria et al., 2022).

1.4,  Topraksiz Kiiltiir Sistemleri ve Blueberry

Topraksiz tarim sistemleri, bitkilerin gelisimi i¢in gerekli
su ve besin elementlerinin, topraga ihtiyag duyulmadan cesitli
substratlar araciligiyla saglandigi yenilik¢i bir yetistirme yonte-
midir. Blueberry gibi pH ve su dengesi agisindan hassas bitkiler
icin topraksiz kiiltiir, kontrollii ortamda yiiksek verim elde edil-
mesini saglar (Zakaria et al., 2022). Bu sistem, bitkilerin besin
elementlerine dogrudan erigimini sagladigi i¢in kok gelisimini
optimize eder ve bitki stresini azaltir. Blueberry iiretiminde yay-
gin olarak kullanilan topraksiz kiiltiir sistemleri; kokopit (coco-
peat), perlit, vermikiilit ve torf bazl (6zellikle diisiik pH igerigi
nedeni ile beyaz torf) substratlar gibi cesitli materyallerden olu-
sur.
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1.5. Blueberry i¢cin Uygun Substrat Secimi
1.5.1. Substratlarin Su Tutma Kapasitesi ve pH
Ozellikleri

Blueberry bitkisi, diisiik pH degerlerine (4.5-5.5) uyum
sagladig1 icin substrat se¢imi kritik bir 6neme sahiptir (Yang et
al., 2022). Geleneksel tarim topraklarinda bu pH araligini1 koru-
mak zordur; dolayisiyla beyaz torf ve perlit gibi substratlar kul-
lanilarak bitkinin k6k bolgesinde sabit bir pH saglanabilir. Ko-
kopit, yiiksek su tutma kapasitesi ve havalanma 6zelligiyle 6ne
ciksa da yiiksek pH igerigine sahiptir. Bu nedenle kullanilan
orana dikkat edilmesi gerekmektedir. Diger bir yaygin substrat
olan perlit, drenaj1 iyilestirir ve koklerin oksijen alimini artirir.
Kokopit, Beyaz torf ve perlit kombinasyonu dogru oranlarda
kullanildiginda hem su hem de hava dengesi saglanarak kok
gelisimi tesvik edilebilir. Boylelikle, substratin su tutma kapasi-
tesi yiiksek tutulurken ayn1 zamanda asir1 sulamanin neden ola-
cag1 kok ciirimeleri 6nlenebilir.

1.5.2. Optimum Kok Gelisimi icin Uygun Ortam Ko-
sullar:

Blueberry’nin kok yapist ince ve lifli oldugu i¢in oksijen
alimina duyarhidir. Bu nedenle, iyi drenaj saglayan, havalanabi-
lir substratlarin kullanimi hayati 6nem tasir. Substratin yeterli
suyu tutarken fazla suyun da tahliye edilmesini saglayacak 6zel-
likte olmas1 gerekir. Ayni zamanda, pH degeri kontrol altinda
tutularak optimum kok gelisimi desteklenir (Ma et al., 2018).
Topraksiz tarimda, kullanilan substratlarin sterilize edilmesi ve
hastaliklardan arindirilmasi gerektigi ig¢in substrat yonetimi de
oldukga kritik bir 6neme sahiptir.
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1.6.  Blueberry'nin Su ve Besin Gereksinimleri
1.6.1. Blueberry Bitkisinin Morfolojik Yapisi ve Kok
Sistemi

Blueberry, lifli bir kdk yapisina sahip olup su ve besin
elementlerine duyarhidir. Bitkinin kok sistemi nispeten yiizeysel
gelisir, bu nedenle sulama sikligina ve besin maddelerinin kok-
lere dogrudan erisimine dikkat edilmelidir (Zakaria et al., 2022).
Koklerin gelisimini desteklemek i¢in ortamin nemli ancak fazla
suyla bogulmamis olmasi gerekir. Koklerin gelisimi igin uygun
nem ve oksijen orani saglanmadiginda, bitki biiyiimesi yavaslar
ve meyve verimi diiser.

1.6.2. Su Kullamm Verimliligi ve Mevsimsel Gerek-
sinimler

Blueberry bitkisinin su ve besin gereksinimleri, mevsim-
lere gore farklilik gosterir. Vegetatif gelisim doneminde bitki
daha fazla su ve azot agirlikli besinlere ihtiyag duyarken, ¢igek-
lenme ve meyve olgunlasma donemlerinde potasyum ve kalsi-
yum gibi besin elementlerinin 6nemi artar (Nicoletti et al.,
2015). Bu donemlerde bitki su ihtiyaci da artar ve sulama siklig1
artirtlir. Ancak, 6zellikle sicak yaz aylarinda, suyun etkin kulla-
nimi1 ve tuz birikiminin 6nlenmesi i¢in iyi bir drenaj saglanmali-
dir.

Topraksiz tarim sistemlerinde su kullanim verimliligi,
geri doniisiimlii sulama sistemleri ve damla sulama teknikleriyle
artirilabilir. Damla sulama sistemi, suyun dogrudan koklere ve-
rilmesini saglayarak su israfin1 Onler. Ayni zamanda, sensor
tabanli otomasyon sistemleri kullanilarak bitkinin su ihtiyaci
anlik olarak takip edilebilir ve gereksiz sulamanin 6niine gegilir
(Barkaoui et al., 2023).

Blueberry yetistiriciliginde, bitki sagligi ve verimi igin
dengeli bir besin ¢ozeltisi saglanmalidir. Blueberry bitkisi, 6zel-
likle azot, potasyum, kalsiyum ve magnezyuma ihtiya¢ duyar.
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Ancak, azotun amonyum ve nitrat formunda dengeli bir sekilde
verilmesi gerekir, ¢linkii blueberry bitkisi nitrat formuna daha
duyarlidir (Yang et al., 2022). Asirt giibreleme koklerin zarar
gérmesine neden olabilecegi i¢in besin elementlerinin diizenli
takibi yapilmalidir.

Mevsimsel olarak degisen besin gereksinimlerine gore,
azot agirhikli glibreleme vegetatif donemde artirilirken, potas-
yum agirlikli giibreleme meyve olgunlasma déneminde uygula-
nir. pH kontrolii saglanarak besinlerin kok bolgesinde optimum
sekilde emilmesi saglanir. Bu siirecte pH ve EC parametrelerinin
dikkatle izlenmesi, bitkinin stres yasamadan biiylimesini saglar
(Ma et al., 2018).

1.7.  Fertigasyon Planlamasinin Temel ilkeleri

Fertigasyon, bitkilerin ihtiya¢ duydugu besin maddeleri-
nin sulama suyu ile birlikte verilmesini saglayan bir yontemdir.
Topraksiz tarimda fertigasyon, bitkilerin besin elementlerine
dogrudan erisimini sagladig1 igin, biiylime ve verim {izerinde
onemli bir etkiye sahiptir. Blueberry yetistiriciliginde pH ve EC
gibi parametrelerin hassas kontrolii gerektiginden, fertigasyon
planlamasi detayli ve optimize edilmis stratejilerle uygulanmali-
dir.

1.7.1. Fertigasyon Sisteminin Bilesenleri
1.7.1.1. Sulama Sistemi

Fertigasyon sistemlerinde en yaygin kullanilan sulama
yontemi, damla sulama sistemidir. Bu sistemde, su ve besin
elementleri dogrudan kok bdlgesine verilir, bdylece su israfi
Onlenir ve bitki stresinin dniine ge¢ilir. Damla sulama, substratin
nemini siirekli kontrol altinda tutar ve koklerin asir1 suya maruz
kalmasin1 engeller. Bu sistem, bitkilerin besinlere esit sekilde
ulagsmasini sagladigi i¢in verimliligi artirir.
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Damla sulama sisteminde kullanilan bazi alt yapilar ara-
sinda, suyun kok bolgesine homojen dagitilmasini saglayan spa-
getti boru sistemi ve belirli noktalara odakli sulama saglayan
netbow sistemi bulunur. Spagetti boru sistemi, ince borularla
suyun dogrudan koklere yonlendirilmesini saglarken, netbow
sistemi daha genis bir kok alanina besin ve su ulagtirmak icin
dairesel bir sulama diizeni sunar. Her iki sistem de suyun verimli
kullanilmasini destekleyerek su kaybini minimize eder.

Ayrica, bazi durumlarda sera ortamlarinda sisleme siste-
mi kullanilarak bitki yapraklarina su buhari verilerek ortamin
nem dengesi saglanir. Sisleme, 6zellikle sicak havalarda yaprak-
larin serinletilmesi ve bitki su stresinin Onlenmesi i¢in tercih
edilir (Zakaria et al., 2022). Bu yontemlerin uyumlu kullanima,
blueberry gibi hassas bitkilerde yiiksek verim ve bitki sagligi
saglar. Giibrelik ve Dozaj Sistemleri

Fertigasyon sistemlerinin etkin ¢alismasi i¢in dogru giib-
relerin ve g¢ozeltilerin zamaninda verilmesi biiyiik 6nem tasir.
Giibrelik sistemleri, sivi veya kati giibrelerin sulama suyuna
entegre edilmesini saglar. Dozaj sistemleri, besin maddelerinin
bitkiye ihtiyaci kadar verilmesine olanak tanir ve gereksiz besin
kaybini onler (Yang et al., 2022). Bu sistemler, manuel veya
otomatik olarak yonetilebilir; ancak topraksiz tarimda otomatik
dozaj sistemleri kullanilarak daha hassas sonuglar elde edilir. Ek
olarak, homojeniteyi saglayan dozajlama sistemlerinin tercih
edilmesi de verim ve kaliteyi dogrudan etkileyen faktorlerden
biri oldugu unutulmamalidir.

1.7.1.2. Giibrelik ve Dozaj Sistemleri

Fertigasyon sistemlerinin etkin ¢aligmasi i¢in dogru giib-
relerin ve g¢ozeltilerin zamaninda verilmesi biiyiik 6nem tasir.
Giibrelik sistemleri, sivi veya kati gilibrelerin sulama suyuna
entegre edilmesini saglar. Dozaj sistemleri, besin maddelerinin
bitkiye ihtiyact kadar verilmesine olanak tanir ve gereksiz besin
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kaybin1 onler (Yang et al., 2022). Bu sistemler, manuel veya
otomatik olarak yonetilebilir; ancak topraksiz tarimda otomatik
dozaj sistemleri kullanilarak daha hassas sonuglar elde edilir.

1.7.1.3. pH ve EC Sensorleri ile Otomasyon

Blueberry bitkisi, diisitk pH degerlerine ve belirli bir EC
araligina ihtiya¢ duydugu icin fertigasyon sistemlerinde otoma-
tik pH ve EC sensorleri kritik bir rol oynar. Bu sensorler, sulama
suyunun pH ve EC degerlerini siirekli 6lgerek, sistemin otomatik
olarak bu degerleri ayarlamasini saglar. Ornegin, pH degeri id-
eal araliktan saparsa asit veya baz ¢ozeltileri eklenir. EC kontro-
li ise, bitkinin ihtiyac1 olan besinlerin yeterli miktarda verilme-
sini saglar (Ma et al., 2018).

1.7.2. Giibre Cozeltileri ve Hazirhk
1.7.2.1. Blueberry i¢in Optimal Makro ve Mikro Besinler

Blueberry bitkisinin saglikli biiyiimesi i¢in azot (N), fos-
for (P) ve potasyum (K) gibi makro elementlerin yani sira demir,
cinko ve bor gibi mikro elementlere de ihtiya¢ duyulur. Asagida
blueberry igin temel makro ve mikro besin ihtiyaglar1 verilmis-
tir:

Makro Besinler
Azot (N): Vegetatif gelisim igin gereklidir.
Fosfor (P): Kok gelisimini ve enerji transferini destekler.

Potasyum (K): Meyve olgunlasmasini ve hastaliklara kars1 di-
renci artirir.

Mikro besinler:
Demir (Fe): Klorofil sentezini artirir.
Bor (B): Cigeklenme ve tohum gelisimi i¢in gereklidir.

Cinko (Zn): Hormon {iretimini diizenler (Yang et al., 2022).
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Fertigasyon programi olusturulurken bitkinin biiylime
evrelerine gore N/P/K oranlari optimize edilmelidir. Ornegin,
vegetatif donemde azot agirlikli besin verilmesi Onerilirken,
ciceklenme ve meyve olgunlasma donemlerinde potasyum mik-
tar1 artirilir. Bunun yani sira, mikro elementlerin eksikligi yap-
rak sararmasi ve biliyiime geriligi gibi sorunlara yol agabilece-
ginden diizenli olarak takip edilmelidir (Nicoletti et al., 2015).

1.7.2.2. Asidik Ortamin Korunmasi ve pH Dengesi

Blueberry, diisiik pH araliklarinda en iyi performansi
gosterdigi icin, fertigasyon sistemi bu asidik ortami koruyacak
sekilde planlanmalidir. pH degeri ideal araligin digina ¢iktigin-
da, asit diizenleyiciler eklenir. Topraksiz tarimda pH dengesinin
korunmasi, besinlerin kokler tarafindan emilimini artirir ve tuz
birikimini onler (Zakaria et al., 2022). Ayrica, pH sapmalarini
onlemek i¢in giibre ¢6zeltisinde tampon maddeler kullanilmasi
da 6nerilmektedir.

1.7.3. Sezonlara Gore Fertigasyon Programi
1.7.3.1. Vegetatif Donem

Bu donem, bitkinin kdk ve yaprak gelisiminin yogunlas-
t1g1 safhadir. Bu donemde N agirlikli besin ¢ozeltileri uygulan-
malidir, ¢linkii azot, bitkinin 6zellikle yesil aksaminin hizli bii-
yimesini destekleyen en kritik makro besindir. Anyon/katyon
dengesi ve antagonist iligkiler de dikkatle yonetilerek P ve K
makro besin elementlerinin yan1 sira, 6zellikle Fe ve Zn mikro
besin elementleri de 6nemli rol oynarlar. Sulama sikligi bu do-
nemde arttirilmali, ancak asir1 sulamadan kagmilmalidir. Bu
donemde substratin su tutma kapasitesinin optimal seviyede
tutulmasi, kok gelisimini tesvik eder (Zakaria et al., 2022).
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1.7.3.2. Ciceklenme Donemi

Blueberry bitkisi yaz aylarinda ¢i¢eklenme evresine ge-
cer ve bu donemde K ihtiyaci artar. Potasyum, bitkide hiicre
yapisini giiglendirir ve ¢igeklerin meyveye doniisiimiinii destek-
ler. Bu asamada diizenli sulama ve dengeli besin ¢ozeltisi veril-
mesi hayati 6nemdedir. Sulama siklig1 sicak havalarda artirilma-
lidir; ayrica bitkinin stres yasamamasi i¢in pH ve EC kontrolii
sik¢a yapilmalidir (Nicoletti et al., 2015). Anyon/katyon dengesi
ve antagonist iligkiler de dikkatle yonetilerek N/P/K orani 1:1:2
olabilirken, bu donemde B ve Ca’un arttirilmasi ¢i¢ceklenme
basarisini arttirabilir.

1.7.3.3.  Meyve Olgunlasma ve Hasat Donemi

Meyve olgunlasma doneminde, potasyum agirlikli besin
¢ozeltileri uygulanmaya devam edilmelidir. Bu dénem, ayrica su
ihtiyacinin en yiiksek oldugu sathadir. Ancak fazla su verilmesi
meyvelerin kalitesini distlirebileceginden, dikkatli bir sulama
plan1 uygulanmalidir. Hasat 6ncesi donemde besin ¢6zeltisinde-
ki nitrat (NOs") oraninin diisiik tutulmasi, meyve kalitesini artirir
(Yang et al., 2022). Anyon/katyon dengesi ve antagonist iligkiler
de dikkatle yonetilerek N/P/K orani 1:2:3 olabilirken, bu do-
nemde Mg ve Ca’un arttirtlmast meyve kalitesini ve raf dmriinii
arttirir.

1.7.4. EC ve pH Kontrolii
1.7.4.1. Besin Cozeltisi Hazirhginda pH Ayarlamasi

Blueberry bitkisi, 4.5-5.5 araligindaki pH degerlerinde
optimal gelisim gosterir. Fertigasyon ¢ozeltilerinde pH’nin bu
aralikta kalmasi, besin elementlerinin kokler tarafindan emilimi-
ni artirir. Besin ¢ozeltilerinin hazirlanmasi sirasinda, pH degeri
asit diizenleyiciler kullanilarak ayarlanir. Gerektiginde, asidik
ortama uygun giibre formiilasyonlar1 da pH kontrolii i¢in kulla-
nilmalidir.

10



Tarimsal Yapilar ve Sulamada Ileri Arastirmalar

1.7.4.2. Sezon Boyunca EC Dalgalanmalarimn Onlenmesi

EC seviyesi, bitkinin aldig1 toplam ¢6ziinmiis besin mik-
tarin1 gosterir. Blueberry i¢in optimal EC degeri 0.7-1.8 dS/m
araligindadir. Fertigasyon ¢ozeltilerinde sezon boyunca bu arali-
gin korunmasi, bitkinin strese girmeden biiylimesini saglar. EC
degerinin diizenli olarak 6lgiilmesi ve besin ¢ozeltisinin konsant-
rasyonunun buna gore ayarlanmasi onemlidir. Asir1 yiiksek EC
seviyeleri, koklerin yanmasina ve bitkinin su kaybetmesine yol
acabilir (Zakaria et al., 2022). Ek olarak, EC seviyesinin drenaj
sularinda anlik takibi de saglikli yetistiricilik i¢in elzem konu-
lardan biridir.

1.7.5. Fertigasyon Yonetimi ve Besin Miktari

Blueberry bitkisinin su ihtiyaci, hava sicakligina ve kul-
lanilan substratin su tutma kapasitesine bagl olarak degisir. Or-
negin, yiiksek su tutma kapasitesine sahip kokopit gibi substrat-
lar kullanildiginda, sulama siklig1 daha seyrek olabilir. Ancak
sicak havalarda veya diisiik su tutma kapasitesine sahip substrat-
lar kullanildiginda sulama siklig1 artirilmalidir. Ancak koko-
pit’in yiiksek pH igerigi goz Oniine alindiginda Sulama sirasinda
damla sulama yontemi veya spagetti yontemi tercih edilerek
suyun dogrudan koklere verilmesi saglanir.

1.7.5.1.1klim ve Substrata Gore Fertigasyon Plami

Blueberry bitkisinin su ihtiyaci, iklim kosullarina ve kul-
lanilan substratin fiziksel 6zelliklerine bagli olarak 6nemli 6l¢ii-
de degisiklik gosterebilir. Ozellikle topraksiz kiiltiirde, suyun
verimli kullanim1 ve bitkiye diizenli olarak uygun miktarda su
saglanmasi, bitkinin saglig1 ve verimi acisindan kritik bir 6neme
sahiptir. Hava sicaklig1 arttikga bitkilerin buharlagsma yoluyla su
kayb1 artar, bu da daha sik ve yogun sulama gerektirir. Ayni
zamanda, kullanilan substratin su tutma kapasitesi de sulama
stratejisinin belirlenmesinde temel bir etkendir.
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Ornegin, kokopit (cocopeat) gibi su tutma kapasitesi
yiiksek substratlar kullanildiginda, sulama siklig1 daha seyrek
olabilir ¢iinkii bu substrat, bitkinin su ihtiyacini karsilamak i¢in
daha uzun siire nemi muhafaza eder. Kokopit gibi substratlar,
suyu esit sekilde dagitir ve kok bolgesinde oksijen miktarin
koruyarak kok ciiriimesi riskini azaltir. Buna karsin, perlit gibi
daha diisiik su tutma kapasitesine sahip substratlar kullanildigin-
da, bitkinin suya erisimi daha sinirli olur ve daha sik sulama
yapilmasi gerekir. Bu durumda, ozellikle sicak yaz aylarinda
substratin hizla kurumasi, bitkide su stresi yaratabilir. Dolayisiy-
la, sulama sikliginin substratin su tutma kapasitesi goz Oniinde
bulundurularak ayarlanmasi gerekir (Nicoletti et al., 2015).

1.7.5.2.Fertigasyon Yonetiminde Kullanilan Teknolojik
Yontemler

Topraksiz kiiltiirlerde, sulama yonetimi teknolojik cihaz-
lar ve 6l¢lim sistemleri kullanilarak optimize edilebilir. Bu sis-
temler, bitkinin su ihtiyacin1 dogru bir sekilde belirlemeye ve
suyun etkin kullanimini saglamaya yardimei olur. Asagida, sera
ortamlarinda yaygin olarak kullanilan birkag sulama ydnetim
yontemi agiklanmustir.

1.7.5.2.1. Class A Pan Buharlasma Yontemi

Class A Pan buharlasma yontemi, sulama yonetiminde
yaygin olarak kullanilan basit ama etkili bir yontemdir. Bu yon-
temde, suyun buharlasma orani bir pan (kap) icerisindeki su
seviyesindeki azalmalarla olgiiliir. Buharlasma ile su kaybi art-
tikga, bitkilerin buharlasma yolu ile kaybettikleri su miktar1 da
artar. Sulama miktari, bu buharlasma o6l¢limlerine dayanarak
hesaplanir ve bitkiye ihtiya¢ duydugu su saglanir. Class A Pan
yonteminin avantaji, diisiik maliyetli olmasi ve buharlagma yo-
luyla su kaybmi dogrudan 6lgmesidir. Ancak bu yontem, sera
kosullarindaki mikro iklim farklarimi dikkate almadigi i¢in has-
sasiyet acisindan bazi sinirlamalara sahip olabilir.
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1.7.5.2.2. iklim istasyonlar1 ve Evapotranspirasyon
(ET) Hesaplamalari

Iklim istasyonlar1, topraksiz tarimda kullanilan gelismis
sulama yonetim sistemlerinden biridir ve sera igerisindeki sicak-
lik, nem, giines radyasyonu ve riizgar hiz1 gibi iklim verilerini
toplar. Bu veriler, evapotranspirasyon (ET) hesaplamalarina
entegre edilerek, bitkilerin su kaybi dogru bir sekilde belirlenir
ve sulama miktar1 buna gére ayarlanir. Evapotranspirasyon, hem
bitkilerin yapraklarindan meydana gelen su kaybini (transpiras-
yon) hem de substrattan buharlagan suyu (evaporasyon) dikkate
alir. Bu sayede, bitkilerin gergek zamanli su ihtiyaglar1 belirle-
nerek sulama programi optimize edilir ve su israfi minimize
edilir. Ancak, topraksiz tarim sistemlerinde toprak kullanilmadi-
g1 i¢in bu yontemin uygulanmasinda bazi zorluklar ve siirlama-
lar dogabilir.

1.75.2.2.1. Topraksiz Tarimda iklim Istasyonu ve
ET Yonteminin Sinirlamalar

1.7.5.2.2.1.1. Gergek Bir Topragin Bulunmamasi

Evapotranspirasyon yontemi, geleneksel tarim sistemle-
rinde toprak tabakasi ile dogrudan iligkilidir. Toprak, buharlas-
ma yoluyla kaybedilen suyun énemli bir kismini igerir ve ET
hesaplamalar1 bu buharlasmay1 da hesaba katar. Ancak, toprak-
siz kiiltiirlerde gergek bir toprak bulunmadig: i¢in, bu hesapla-
malar substratin 6zelliklerine gére ayarlanmalidir. Toprak yerine
kullanilan substratlar (kokopit, perlit, torf, vermikiilit vb.), top-
rakla ayni buharlagsma &zelliklerine sahip degildir. Dolayisiyla,
iklim istasyonlar1 tarafindan toplanan verilerin, substratin su
tutma kapasitesine ve buharlagsma oranlarina uygun sekilde ye-
niden kalibre edilmesi gerekir. Substratlar, genellikle toprak
kadar suyu depolamadigi igin, evapotranspirasyon hesaplamalari
eksik kalabilir ya da gercek su ihtiyacin1 dogru sekilde yansit-
mayabilir.
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1.7.5.2.2.1.2. Substratlarin Buharlasma Ozellikleri-
nin Farkhihg:

Topraksiz tarimda kullanilan farkli substratlar, buhar-
lasma ve su tutma kapasiteleri agisindan biiyiik farkliliklar gos-
terir. Ornegin, kokopit gibi organik bazli substratlar, daha fazla
su tutarken buharlasma oranlar1 daha diistiktiir. Buna karsin,
perlit gibi inorganik substratlar, hizli su tahliyesi saglar ve bu-
harlasma oranlar1 yiiksektir. Bu durum, evapotranspirasyon he-
saplamalarinin substrat tiirline gore ayarlanmasi gerektigini gos-
terir. Aksi takdirde, sera igerisindeki iklim verilerine dayali ya-
pilan ET hesaplamalari, bitkinin su ihtiyacini tam olarak yansit-
mayabilir. Ornegin, yiiksek buharlasma oranina sahip bir subst-
rat kullaniliyorsa, ET hesaplamalar1 su kaybini tam olarak 6ngo-
remeyebilir ve bitki yeterince sulanmayabilir.

1.7.5.2.2.1.3. Substrattan Buharlasma Miktarinin
Sinirhihg

Toprakla kiyaslandiginda, topraksiz tarimda kullanilan
substratlar, genellikle suyun yiizeyden buharlagsmasini daha az
saglar. Bu durumda, ET hesaplamalari bu farki tam olarak dik-
kate alamayabilir. Ciinkii evapotranspirasyon hesaplamalarinda
hem bitki yapraklarindan (transpirasyon) hem de topraktan
(evaporasyon) kaybedilen su miktar1 dikkate alinir. Ancak top-
raksiz tarimda substrat yilizeyinden buharlasma ¢ok sinirl olabi-
lir. Dolayisiyla, bu yontem substratin su kaybini tam anlamiyla
hesaba katmadiginda, sulama sikligi ve miktar1 dogru sekilde
ayarlanamayabilir ve bitki suya gereginden az erisim saglayabi-
lir.
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1.7.5.2.2.1.4. Kok Bolgesindeki Mikroklimanin Goz
Ard1 Edilmesi

Topraksiz tarimda kullanilan substratlar, bitki kok bolge-
sinde 6zel bir mikroklima yaratir. Bu mikroklima, substratin su
tutma kapasitesi, hava gecirgenligi ve koklerin nem dengesine
gore degisir. Ancak, iklim istasyonlarindan elde edilen veriler
genellikle sera ortaminin genel iklim kosullarini yansitir. Subst-
ratin kok bolgesindeki mikroklimay1 yansitan verileri tam anla-
miyla sunmamasi, sulama yonetiminin bitki kok bolgesindeki
gercek ihtiyaglara uygun olmayabilecegi anlammna gelir. Ozel-
likle damla sulama sistemi ile suyun dogrudan koklere verildigi
topraksiz kiiltiirde, kok bolgesindeki nemin ya da drenaj mikta-
rinin anlik olarak izlenmesi daha dogru sonuglar verebilir.

1.7.5.2.3. Lizimetreler: Bitki Su Tiiketimini Hassas
Bir Sekilde Olcen Teknolojik Araclar

Lizimetreler, bitki su tiikketimini ve kok bolgesindeki su
hareketlerini hassas bir sekilde 6lgmek amaciyla kullanilan ileri
teknolojiye sahip cihazlardir. Topraksiz tarim ve modern tarim
sistemlerinde su yonetimini optimize etmek i¢in énemli bir rol
oynarlar. Lizimetreler, bitkilerin i¢inde bulundugu substratin
veya topragin agirligini siirekli olarak dlgerek, bu agirlik degi-
sikliklerine dayali olarak bitkilerin su alimini ve drenaj miktarim
hesaplar. Bu sistem, bitkilerin su tiiketimini dogrudan ve dogru
bir sekilde dlgmeyi saglar, bu da sulama planlarinin daha hassas
yapilmasina ve suyun etkin kullanilmasina olanak tanir.
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1.75.2.3.1. Lizimetrelerin Avantajlari

Yiiksek Hassasiyet: Lizimetreler, bitkinin su tiikketimini
dogrudan ol¢tiigii icin sulama ydnetiminde en dogru sonuglar
saglayan yontemlerden biridir. Sulama zamanlamasi ve su mik-
tar1, bitkinin gercgek ihtiyacina gore belirlenir.

Drenaj Takibi: Lizimetreler sadece bitkinin su alimimn
degil, ayn1 zamanda drenaj yoluyla kaybedilen suyu da olger.
Bu, su israfin1 6nlemek i¢in sulama verimliligini artiran énemli
bir 6zelliktir. Drenaj miktarinin kontrol altinda tutulmasi, hem
bitki kok bolgesindeki tuz birikimini 6nler hem de su kaynakla-
rinin daha verimli kullanilmasini saglar.

Bitki Bazinda izleme: Lizimetreler, bireysel bitkilerin
su tiiketimini izleyerek, farkli bitki tiirlerinin ya da ayni tiirdeki
farkli gelisim asamalarindaki bitkilerin su ihtiyacina yonelik
hassas veriler saglar. Bu, 6zellikle yiiksek degerli mahsuller i¢in
sulama stratejilerinin kisisellestirilmesine olanak tanir.

Dogrudan Olciim: Lizimetreler, su tiiketimini dogrudan
ol¢cerek tahmine dayali yontemlerden (6rnegin evapotranspiras-
yon hesaplamalar1 gibi) daha dogru ve giivenilir veriler saglar.
Bu nedenle, bitkilerin su ihtiyacina en uygun sulama kararlarini
almak icin ideal bir yontemdir.

1.7.5.2.3.2.  Lizimetrelerin Dezavantajlar:

Yiiksek Maliyet: Lizimetrelerin en biiylik dezavantajla-
rindan biri, kurulum ve bakim maliyetlerinin yiiksek olmasidir.
Yik hiicrelerinin kurulumu, altyapr maliyeti ve diizenli kalib-
rasyon gerekliligi, lizimetrelerin genis ¢apta kullanimin1 sinirla-
yabilir. Ozellikle genis arazilerde veya biiyiik olgekli {iretim
tesislerinde uygulamasi maliyetli olabilir.
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1.7.5.2.4. Toprak Nem Sensorleri ile Fertigasyon
Yonetimi

Toprak nem sensorleri, substratin nem igerigini siirekli
olarak Slgerek, bitkinin su ihtiyacina yonelik anlik bilgi saglayan
cihazlardir. Topraksiz tarimda bu sensorler, substratin nem sevi-
yesini dogru bir sekilde izleyerek, sulamanin zamanlamasi ve
miktarini optimize etmek i¢in kullanilir.

1.7.5.24.1. Toprak nem sensorlerinin avantajlar::

Gergek zamanl veri saglama: Nem sensorleri, substratin
nem igerigini siirekli izleyerek sulama kararlarini otomatik ola-
rak optimize eder. Bu, bitki koklerinin her zaman ideal nem se-
viyesinde kalmasini saglar.

Sulama optimizasyonu: Sensorler, asir1 sulama veya ye-
tersiz sulamay1 onleyerek su kullanimini daha verimli hale geti-
rir.

Diisiik maliyet ve genis uygulama alani: Nem sensorleri,
birgok substrat tiirtinde kullanilabilir ve maliyet etkin bir ¢6ziim
sunar.

1.7.5.2.4.2. Toprak nem sensorlerinin simirlamalari:

Kalibrasyon gereksinimi: Farkli substrat tiplerinde dogru
sonuglar elde etmek i¢in nem sensorlerinin dikkatlice kalibre
edilmesi gerekir. Substratin su tutma kapasitesine gore ayarlan-
mamis sensorler yanlis sulama karar1 verebilir.

Nem dagilimindaki farkliliklar: Substratta homojen ol-
mayan nem dagilimi varsa, sensorlerin yerlestirildigi alanlardaki
nem miktar1 genel durumu yansitmayabilir.
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1.7.5.2.5. Tansiyometreler ile Fertigasyon Yoénetimi

Tansiyometreler, bitkinin suyu ne kadar kolay ¢ekebildi-
gini gosteren bir basing 6l¢iim cihazidir. Tansiyometreler, suyun
substrat icinde nasil hareket ettigini ve koklerin ne kadar zorlan-
digin1 Slgerek bitkilerin gergek su ihtiyacini yansitir. Bitki kok-
leri tarafindan uygulanan basinci 6lgen tansiyometreler, bitki
koklerinin suya ne kadar erisebilir oldugunu belirlemek igin
kullanilir.

1.75.25.1. Tansiyometrelerin avantajlar:

Bitki su ihtiyacinin dogrudan 6l¢iimii: Tansiyometreler,
bitkilerin suyu ne kadar zor ¢ektigini gosterdigi i¢in su yoneti-
minde Oonemli bir aragtir. Substratin su potansiyelini dogrudan
Olger ve sulama kararlarin1 optimize eder.

Su stresini Onler: Bitki koklerinin su stresine girmeden
once uyarilar verir ve bodylece sulama zamanlamasi1 daha iyi
ayarlanabilir.

1.75.25.2. Tansiyometrelerin sinirlamalari:

Stirekli bakim ihtiyaci: Tansiyometreler hassas cihazlar
olup, siirekli bakim ve kalibrasyon gerektirir. Ozellikle topraksiz
tarimda kullanilan substratlar i¢in 6zel olarak ayarlanmalidir.

Sinirli kullanim alani: Tansiyometreler genellikle toprak-
ta daha etkin calisir, bu yiizden bazi substratlarda istenen dogru-
lukta sonu¢ vermeyebilir. Substratin yapisina bagli olarak tansi-
yometrenin uygunlugu gézden gegirilmelidir.

1.7.5.2.6. Piranometreler ile Gelen Enerji Yontemine

Gore Fertigasyon Yonetimi

Piranometreler, glinesten gelen radyasyon miktarini 6lg-
mek i¢in kullanilan cihazlardir. Topraksiz tarimda, bitki su ihti-
yacinin belirlenmesi i¢in gilines enerjisi 6l¢iimlerinden yararlani-
lir. Giines radyasyonu, bitkilerin buharlasma ve transpirasyon
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stireglerini dogrudan etkileyen en 6nemli ¢evresel faktorlerden
biridir. Piranometreler, bu radyasyonu 06lcerek bitkilerin ihtiyag
duydugu su miktarini hesaplamada kullanilir. Giines enerjisi ve
radyasyon Ol¢limlerine dayali sulama yonetimi, bitkilerin yaprak
yilizeyinde buharlasan ve substrat yiizeyinde kaybedilen suyu
dikkate alarak sulama zamanlamasini ve miktarini optimize
eder. Piranometreler, 6zellikle sera ortaminda enerji girisini iz-
leyerek, sera igindeki bitkilerin su kaybini dogrudan 6lgebilir ve
bu kayiplara bagli olarak su ihtiyacini belirleyebilir.

1.7.5.2.6.1. Piranometre Kullanimina Dayah Sulama
Yonetimi

Piranometreler, bitkilerin aldig1 gilines radyasyonu mikta-
rin1 izleyerek su kaybini ve su ihtiyacini belirlemek i¢in evapot-
ranspirasyon hesaplamalarinda kullanilir. Bu yontemle, giines
radyasyonu arttik¢a bitkiler daha fazla su kaybeder ve buna bag-
I1 olarak sulama miktar1 artirilir. Daha az giines radyasyonu
alindiginda ise su ihtiyaci azalir ve sulama siklig1 diistirtiliir.

1.75.2.6.2. Piranometre Yonteminin Olumlu Yonleri

Gercek zamanhi veri saglama: Piranometreler, bitkilerin
anlik giines enerjisi alimini izleyerek giin igindeki sulama gerek-
sinimlerini hizli bir sekilde belirler. Bu, sulama yo6netiminde
daha dinamik bir yaklagim saglar.

Enerji ve su kaybi arasindaki dogrudan iligki: Bitkiler,
aldiklar1 enerji miktarina gore su kaybederler. Piranometreler,
bu enerji ile su kaybim1 dogrudan iliskilendirerek daha hassas
sulama yonetimi saglar.

Diisiik maliyetli ve yaygin kullanima uygun: Piranomet-
reler, diger sensor sistemlerine gore daha diisiik maliyetlidir ve
kurulumlari basittir. Bu, genis alanlarda kullanimimi kolaylasti-
rir.
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1.7.5.2.6.3. Piranometre Yonteminin Olumsuz Yonleri

Substrat ozelliklerini dikkate almama: Piranometreler,
sadece giines enerjisini dlgerek su kaybini hesaplar, ancak kulla-
nilan substratin su tutma kapasitesini, nem dagilimini ya da bu-
harlagsma oranlarini1 dikkate almaz. Farkli substratlar (kokopit,
perlit vb.) suyu farkli sekillerde tutar ve bu ozellikler sulama
miktarini dogrudan etkiler. Bu nedenle, piranometre verileri
yalnizca genel bir rehber olabilir; substratin 6zellikleri ve bitki
tiiri goz Oniinde bulundurulmadiginda hatali sulama kararlari
almabilir. Bu nedenle drenaj miktarini ya da tansiyometre deger-
lerini de dikkate alarak fertigasyon programlarini donem dénem
ozellestirmek gerekebilir.

Bitki bazinda farkliliklar1 dikkate almama: Piranometre-
ler, sera ortamindaki genel giines enerjisi miktarini 6lger; ancak
bitki bazinda bireysel su ihtiyacini dikkate almaz. Farkli biiyiime
evrelerindeki ya da farkli tiirdeki bitkiler, ayni gilines enerjisi
miktarinda farkli su ihtiyaglarina sahip olabilir. Bu yontem, bi-
reysel bitki ihtiyaglarin1 kargilamak igin yeterince hassas degil-
dir.

Kapal1 ve golgeli ortamlar i¢in sinirl fayda: Piranomet-
reler, dogrudan gilines radyasyonuna bagli olarak c¢alistigi i¢in
sera ortaminda golge alanlar, 15181n esit dagilmadig: alanlar veya
kapali sistemlerde kullanimi sinirli olabilir. Bu tiir ortamlarda,
piranometre verileri bitkilerin gergek su ihtiyacini yansitmayabi-
lir.
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2. Sonug ve Oneriler

Blueberry yetistiriciliginde topraksiz tarim yontemleri,
ozellikle hassas pH gereksinimleri ve lifli kdk yapisina uygun-
lugu ile biiylik avantajlar sunmaktadir. Substrat temelli tiretim
sistemleri, bitkilerin kdk bdlgesinde su ve besin dengesini opti-
mize ederek yiiksek verim ve kaliteli iiriin elde edilmesini sag-
lar. Kokopit, perlit ve beyaz torf gibi substratlarin kullanima,
kok havalanmasini desteklerken, bitkilerin ihtiyag duydugu di-
siik pH degerlerini muhafaza eder. Bu avantajlar, topraksiz tari-
mi blueberry igin ideal bir yontem haline getirmistir.

Fertigasyon sistemleri, topraksiz tarimda bitki besin yo-
netiminin temel tasidir. Mevsimlere ve bitki gelisim evrelerine
gore diizenlenen fertigasyon programlari, bitkilerin gereksinim
duydugu azot, fosfor, potasyum ve mikro elementlerin hassas bir
sekilde verilmesini miimkiin kilar. Ozellikle vegetatif dénemde
azot agirlikli bir besleme rejimi, ¢igeklenme ve meyve olgun-
lasma doneminde ise potasyum agirlikli bir program 6nerilmek-
tedir. Drenaj oranlarinin diizenli izlenmesi, substratta tuz biriki-
mini Onleyerek bitki sagligini koruma agisindan énemlidir. Ay-
rica, pH ve EC parametrelerinin siki kontrolii, bitkilerin besin
maddelerine optimal sekilde erigimini saglar.

Teknolojik araglarin sulama ve besin yonetiminde etkin
kullanimi, topraksiz tarim sistemlerinin basarisin1 artirmaktadir.
Iklim istasyonlar1, toprak nem sensorleri, tansiyometreler ve
piranometreler gibi cihazlar, sulama miktarini ve zamanlamasini
optimize ederken suyun verimli kullanilmasini saglar. Ancak,
her bir teknolojik yontemin belirli avantajlar1 ve sinirlamalari
bulunmaktadir. Ornegin, iklim istasyonlar1 cevresel faktorlere
dayal1 genel bir su kaybi tahmini sunarken, toprak nem sensorle-
ri ve lizimetreler bitki bazinda daha hassas veriler saglayabilir.
Lizimetreler, bitkilerin su tiiketimini dogrudan 6lgerek sulama
programlarini en dogru sekilde belirlemeye yardimer olur, ancak
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maliyet ve kurulum zorluklar1 nedeniyle genis alanlarda kulla-
nimt siirhdir.

Topraksiz tarim ve fertigasyon sistemlerinin basarili bir
sekilde uygulanmast i¢in, iireticilerin bu teknolojiler ve yontem-
ler konusunda bilinglendirilmesi 6nemlidir. Egitim programlari
ve destekleyici politikalar, 6zellikle kiiclik 6lgekli iireticilerin bu
yontemleri benimsemesini kolaylastirabilir. Bunun yani sira,
stirdiiriilebilir tarim uygulamalariin tesvik edilmesi, hem ¢evre-
sel etkilerin azaltilmasina hem de iiriin kalitesinin artirilmasina
katkida bulunacaktir.

Sonug olarak, topraksiz tarim ve fertigasyon yontemleri,
modern blueberry yetistiriciliginde verimliligi artirmak ve c¢ev-
resel siirdiiriilebilirligi saglamak icin vazgecilmez bir yaklagim-
dir. Teknolojik yeniliklerin entegrasyonu ve tarimsal bilgi biri-
kiminin yayginlagtirilmasi, bu sistemlerin basariyla uygulanma-
sin1 destekleyecektir. Gelecekteki aragtirmalar ve uygulamalar,
bu yontemlerin daha genis bir 6lgekte benimsenmesi i¢in rehber-
lik saglayabilir.
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FERTIGATION TECHNIQUE IN IRRIGATION AND
FERTILIZATION

Ugur KEKEC!
1. INTRODUCTION

As the world population increases rapidly, problems rela-
ted to water scarcity in drinking water supply, energy, food and
industrial production arise, and it is known that world econo-
mies have begun to suffer greatly due to these problems (Shan-
non et al., 2008). Water is the most important element needed to
meet the world's increasing food demand and increase the pro-
ductivity of agricultural areas. Humanity has entered into new
searches in order to meet the increasing demand for food and to
use existing water resources in the most effective way and wit-
hout disturbing the ecology of nature. While the use of conven-
tional methods in agricultural production causes the deteriora-
tion of soil properties in areas where intensive agriculture is
practiced, it causes pollution of the water resources associated
with it and a decrease in water resources through excessive
water use. The fact that water, which has the most important
place among natural resources, and especially the amount of
usable water, tends to decrease, increases people's need for
water. It has become necessary to use and develop new tech-
niques regarding this issue. In this context, the first experiments
that led to the development of drip irrigation started in the late
19th century, but no real progress was made until the late 1950s
and early 1960s (Keller and Bliesner, 1990). Water scarcity is
further exacerbated by the effects of climate change, resulting in
unpredictable rainfall insufficiency and frequent droughts
(Whetton et al., 1993; Hughes, 2003). Drip irrigation began to
become widespread rapidly only in the years after the discovery
of cheap plastic pipes (1970).
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With these systems, approximately 66,000 hectares of land were
irrigated in the world in 1974, 2.98 million hectares in 1996
(Magen and Imas, 2003) and 6 million hectares in 2006 (Sne,
2006). Nowadays, there is water scarcity in many countries of
the world and regular water use with drip irrigation technique is
becoming widespread in agricultural areas.

Increasing population in the world, increasing people's
living standards day by day, necessitated more products from
the agricultural lands owned and the quality of these products
increasing day by day. These obligations will primarily be achi-
eved by ensuring that the productivity of our lands is kept at
high levels and the sustainability of their quality. Irrigation and
fertilization practices are among the most notable issues in agri-
cultural production. By keeping the water-fertilizer relationship
at the highest level, it is aimed to maximize the efficiency
expected from the plant. Fertigation applications have increased
significantly in the last quarter of a century, especially with drip
irrigation systems. Fertigation is now seen as the method that
will achieve this desired goal in agricultural production.

Fertigation is a combination of the words fertilization
and irrigation and is used to express fertilization combined with
irrigation. With the beginning of irrigation several thousand ye-
ars ago, people were applying animal manure along with irriga-
tion water. Chinese Emperor Huan B.C. Around 3000 BC, he
removed the animal feces around the palace with the waters of
the Yellow River and directed them to agricultural lands. With
the increase in plant development after this application, the im-
portance of fertilizer and water began to be understood in this
period. The technical transition from the classical practice that
lasted throughout the ages to the application of fertilizer with
irrigation water corresponds to the use of modern irrigation
(sprinkler and drip irrigation) systems in agriculture after the
1960s.
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Some researchers have defined and explained fertigation
in various ways. Fertigation is the technique of applying soluble
fertilizers with irrigation water. Although fertigation can actu-
ally be applied with all irrigation methods, it would be appropri-
ate to perceive it as fertilization with drip irrigation since it is
applied with the drip irrigation method (Giines et al., 2004). Fer-
tigation is the application of nutrients in liquid and solid form to
the soil and the root area of the plant during the delivery of irri-
gation water through irrigation systems. According to Cetin
(2008), Sonmez et al. (2008), fertigation; They defined it as a
technique of administering soluble nutrients by mixing them
with irrigation water. It is possible to define fertigation as a
technique of meeting plant water and nutrient needs by mixing
plant nutrients into irrigation water with drip irrigation systems
(Boman and Obreza 2008).

The basis of fertigation is the mixing of concentrated
nutrient solutions (stock solution) prepared to meet the nutrient
requirements of plants throughout a vegetation period, with irri-
gation water in certain proportions to ensure an appropriate con-
centration through various equipment (venturi, by-pass, etc.).
Fertigation allows plant nutrients to be applied precisely and
homogeneously to the wet area where active roots are concentra-
ted. Therefore, it is possible to effectively provide the nutrients
required by plants in sufficient quantities and concentrations
throughout the plant development period through fertigation.In
this context, it is of great importance to know technical issues
such as the properties of the fertilizers to be used in the prepara-
tion of stock solutions, their selection, miscibility, the amount of
fertilizer to be applied in one irrigation, the concentration of
nutrients in the irrigation water, and solving the problem of
clogging of drippers after fertilization in fertilization with drip
irrigation system.
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The reason why the drip irrigation system has become
widespread is undoubtedly the benefits it provides. These; It
increases productivity, quality and water use efficiency, facilita-
tes the use of fertilizers and other chemicals, reduces salt dama-
ge, energy and labor costs, weed problems and facilitates cultu-
ral maintenance works. It has been demonstrated by many stu-
dies that the efficiency of fertilizer in fertigation is higher than
other classical fertilization methods (Malik et al., 1994; Gaskell,
2004). On the other hand, there are limitations such as clogging
in drippers, salt accumulation around the plant root area, and
economic-technical limitations (Bozkurt, 2003). The increase in
salt concentration in the plant root zone with fertigation practi-
ces is one of the most serious criticisms of the method. Redu-
cing the risk of salinity, efficient water use and protecting soil
quality are among the primary goals in fertigation practices.With
fertigation, recommendations are developed for the most app-
ropriate formulation of nitrogen, phosphorus and potassium
(NPK), essential nutrients and microelements, according to soil
type, physiological stage of plants, climate and other factors.
Planning the irrigation system and providing plant nutrients ac-
cording to the plant physiological development period, taking
into account soil and climate characteristics, results in high plant
yield and fruit quality with minimal pollution (Imas, 1999). In
this application, since fertilizers are applied when needed and in
small amounts, losses of water-soluble nutrients occur at lower
levels even under excessive rainfall and excessive irrigation
conditions.
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Four main factors should be considered when choosing ferti-
lizer for fertigation;

1- Plant variety and growth period

2- Soil conditions

3-  Water quality

4-  Availability, usefulness and price of fertilizer

Fertigation fertilizer type must be of high quality, high solubility
and purity, low salt index and a suitable pH.

In Turkey, fertigation, which was initially used in greenhouse
cultivation in the Mediterranean and Aegean regions, has now
found widespread use in field agriculture, especially in vine-
yards, gardens and ornamental plants, in other regions.

Drip irrigation method was first used in Turkey in the
1970s. The first studies were started in Adana and Tarsus at al-
most the same time (Kanber et al., 1986; Tekinel et al., 1989).
The drip irrigation method is mostly used to irrigate vegetables
in greenhouses and cash crops such as strawberries and citrus
fruits in field conditions. Later, many studies on the subject we-
re carried out, especially in the Mediterranean Region, and are
still being carried out. Considering the current situation in Tur-
key, developing fertigation techniques and preparing effective
fertigation programs will provide great benefits for the deve-
lopment of agriculture.

1.1  Advantages and Disadvantages of Fertigation
1.1.1 Advantages of Fertigation

The efficiency of use of water and chemicals by plants is
important both economically and environmentally. Excessive
irrigation and chemical applications cause contamination of gro-
undwater along with deep seepage. It has been demonstrated
that the fertigation technique is a more effective and practical
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way for good fertilization, especially in plants irrigated with drip
irrigation. In order to obtain the highest efficiency from chemi-
cal fertilizers and unit irrigation water, it is essential to apply
plant nutrients that plants can easily absorb, close to the plant
roots. It is possible to apply fertilizers in fertigation with all irri-
gation systems. However, the application of fertigation has de-
veloped and increased very rapidly in the last quarter century,
especially with micro irrigation (drip, mini sprinkler, micro-jet,
etc.) systems. For this reason, the application of chemicals via
irrigation systems has become common in modern irrigated ag-
riculture. Accordingly, in recent years, practical applications and
research on fertigation-chemigation have increased rapidly (Pa-
padopoulos, 2007).

Although the first commercial fertigation practices began
in the mid-20th century, it is understood that water-soluble nut-
rients were previously used for agricultural purposes together
with irrigation water. B.C. It is known that city wastewater was
applied to trees in 400 BC (Young and Hargett, 1984).

Fertigation is applied in almost all irrigated areas in Is-
rael. Because applying irrigation water and fertilizer together not
only provides higher yields and better quality products, but also
increases the efficiency of fertilizer use (Imas, 1999).

It has been reported that fertilizer use efficiency is 20-
50% higher with fertigation compared to traditional fertilization
(Gaskell, 2004). For example, it has been stated that nitrogen
(N) application in fertigation can save an average of 135 kg
N/ha without a significant decrease in yield compared to the
traditional practice (sprinkling it on the soil) (Schepers et al.,
1995). Gonzalez-Meza et al. (1998) conducted a study on corn
using traditional and fertigation methods to apply fertilizer, and
determined that corn yield was 31% higher in fertigation appli-
cations. In a study conducted on grapefruit with potassium nitra-
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te, fertigation application increased the yield by 11% compared
to fertilizer application by sprinkling it on the soil (Boman,
1995). Treder (2006) conducted a multi-year study to investigate
the effects of conventional fertilizer applications and fertigation
using only nitrogenous and complete nutrients on apple trees. In
general, the development and productivity of apple trees have
increased with fertigation practices. Initially, the development in
nitrogen-only applications was realized in fertigation applicati-
ons where fertilizers containing other complete nutrients were
used. Darwin et al. (2002) in their research on drip irrigation of
potatoes, they achieved higher water and nutrient usage effici-
ency with fertigation compared to the traditional fertilization
method.

Nimura et al. (2001) on cut rose cultivation, Mohammed
and Thorburn et al. (2003) on sugarcane, Mohammad (2004) on
pumpkin, Aujla et al. (2005) stated in their research on cotton
that applying nitrogen by fertigation provided a significant inc-
rease in yield compared to its traditional application from the
soil. Hebbar et al. (2004) found that in addition to obtaining hig-
her yields with fertigation in field tomatoes, there was a decrea-
se in nitrate leaching, increases in plant root development and
nitrogen, phosphorus and potassium uptake of plants.

Silber et al. (2003) studied the effects of high fertigation
frequency on lettuce and reported that high fertigation frequency
significantly promoted yield increase at low nutrient concentra-
tion levels and that the increase in yield was mainly associated
with increased nutrient uptake, especially P(phosphorus).

Compared to traditional application, there is less fertili-
zation labor in fertigation applications. Therefore, there is a dec-
rease in operating expenses. In addition, fertilizer use efficiency
increases by applying fertilizers at the time and amount needed
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by the plant. The advantages of fertigation can be listed as fol-
lows.

Fertigation technique allows full and equal application of
nutrients to the moist root mass where active roots are den-
se,

It allows adjustment of the concentrations and amounts of
nutrients applied to meet the actual nutritional needs of the
plant throughout the growing season,

Provides energy and labor savings,

Fertigation provides flexibility in fertilizer application times
compared to traditional processes,

Fertigation ensures the appropriate use of ready-mixed nut-
rient solutions and compounds and the more accurate appli-
cation of low-concentration micronutrients to the soil.

Fertilizers are given to the root area of the plant along with
water. Fertilizer is not given to areas where there is no root
development. Thus, fertilizer savings are achieved.

Losses from the soil profile in the form of nitrate and from
the soil surface in the form of ammonia are minimal,

Since the upper parts of the plants are not wetted during
fertigation, it becomes easier to fight against diseases.

In addition to fertilization application in fertigation, it is
also possible to apply appropriate agricultural pesticides and
other chemicals. Sonmez et al. (2008)

Meeting the changes in the plant's needs according to plant

age, developmental stage and weather conditions is possible by
regulating water application frequency and fertilizer doses in
nutrient application by fertigation (Treder, 2006).
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In addition to these advantages, fertigation is suitable for
automation and can be applied in all irrigation systems. By
applying less fertilizer and water through fertigation, both pro-
duction costs and groundwater pollution can be reduced. Besides
these advantages, fertigation also has disadvantages.

1.1.2. Disadvantages of Fertigation

1- Fertigation requires additional tools and equipment to irri-
gation systems, and these are expensive, resulting in high
initial investment costs.

2- Necessity of application equipment and fertilizer tanks in
fertilization, in some cases the necessity of ensuring the de-
sired concentration depending on the injection systems
used,

3- Preventing the recycling of chemicals into irrigation water
and clogging of drippers in inappropriate operating systems.

4- In addition, users must have a high level of knowledge and
experience.

1.2 Fertigation Techmques

In fertigation, fertilizer solutions are prepped beforehand in sto-
rage tanks, and then this solution is introduced into the irrigation
water. The selection of fertigation depends on the crop cultiva-
ted, the type of soil, and the management practices of the farm.
There are primarily two categories of fertigation.

1.2.1. Quantitati ve Fertigation

It involves the delivery of plant nutrients in specific con-
centrations to the irrigation system. e. g. 20 It to block A, 40 It to
block. This technique is typically utilized in soil. The fertilizer is
dispensed in a pulse following a specific water sheet without
fertilizer employing a fertilizer tank. Benefits of this approach
include low cost and minimal maintenance needed. However,
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there are also some limitations, such as the system being influ-
enced by fluctuations in water pressure and the concentration of
the fertilizer differing throughout its application.

1.2.2. Fertigation In Proportion

In order for the irrigation water to absorb a fixed con-
centration of the applied fertilizer, nutrients are applied in a
constant and proportionate ratio to the water discharge rate. For
instance, 1000 liters of irrigation water are combined with one
liter of fertilizer solution. In this instance, fertilizer pumps are
used to directly inject the fertilizers. This technique is primarily
applied to sandy soils and soils with less media. This method's
precise control over quantity and injection moment is an advan-
tage; its drawbacks include high cost, complicated operation,
and maintenance.

1.3. Irnigation And Fertigation Interval

Giving insufficient irrigation water to the plants causes
the plant to go into water stress and lose productivity, while gi-
ving too much water is harmful to the plant. Therefore, it is
extremely important to perform irrigation on time and determine
the amount of water to be applied correctly. Since water and
fertilizer are given together with the fertigation technique, mee-
ting the plant's water needs on time and adequately becomes
even more important. While climate has a primary impact on the
water needs of plants, the plant type and the development stage
of the plant are also effective. In addition to all these factors, the
water application method also affects the amount of water to be
applied to the field. To determine the amount of water to be app-
lied to plants, either soil moisture must be measured or plant
water consumption must be estimated.
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The plant type and development stage, the characteristics
of the soil where it is grown and the climatic conditions are ef-
fective on the irrigation interval of the plants. While more frequ-
ent irrigation is required in dry and hot climates, the irrigation
interval is extended in humid and cool periods. While the irriga-
tion interval is shortened in periods such as the middle period
when the plant is fully developed and the water need is high, in
the period close to harvest, when germination-emergence, deve-
lopment period and fruit maturation are completed to a signifi-
cant extent, plant water consumption is lower and therefore the
irrigation interval can be longer. Due to the different water re-
tention properties of soils, the timing of irrigation for each soil is
different. While sandy soils need to be irrigated in a shorter pe-
riod of time since their water retention capacity is low, medium
and heavy textured soils with high water retention capacity requ-
ire more intermittent irrigation.

Fertigation interval or frequency is equal to irrigation
interval. In plants irrigated with drip irrigation method, the hu-
midity in the root zone is kept at a high level to prevent the plant
from experiencing stress caused by water. As a general practice,
irrigation is done before 30% of the total moisture available in
the soil is consumed. Therefore, the irrigation interval varies
depending on the amount of available moisture in the soil, plant
type, plant development period and weather conditions.
However, irrigation can be done at more frequent intervals than
this determined irrigation interval.

In a 2-year study conducted in Cairo to investigate the
effect of the frequency of fertigation made with subsurface drip
irrigation system on tomato yield in sandy soils, 20 kg and 30 kg
of nitrogen per decare were applied with irrigation at 1, 3, 7 and
14 day intervals (Badr and El-Yazied, 2007). While the yield of
6775 kg, 6513 kg, 6329 kg and 5432 kg of tomatoes per decare
was obtained for irrigation and fertigation intervals of 1, 3, 7 and
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14 days, the amount of nitrogen remaining in 1 kg of soil after
harvest at a depth of 50-70 cm in the soil was 15 mg, 17 mg, 17
mg, respectively. mg, 21 mg and 80 mg. According to the results
of this research, as the frequency of fertigation in sandy soils
increased, both the yield increased and the amount of residual
nitrogen that caused environmental pollution decreased.

1.4. Essentials Needed For Fertigation

The following fundamental conditions must be met in
order to incorporate fertilizers into the irrigation system:

1.4.1. Equipment For Injecting Fertilizer

Just as crucial as choosing the right nutrients is choosing the
right injection equipment. The internal pressure must be less
than the pressure of the injected fertilizer solution. There should
be a filter to keep any solid fertilizer solution particles from get-
ting to the dripper and fouling it. To stop the chemical from re-
turning to the water source, a back-flow stopping valve is also
required. The most crucial component of the fertigation
equipment are the fertilizer injectors. The following are the three
types of injectors:

1.4.1.1. Pressure Differential (By-Pass Tank)

The idea behind this system is that valves and pressure
regulation produce a pressure differential. The water is forced
by the pressure differential to enter a pressure tank containing
fertilizer through a bypass pipe and exit again, carrying different
amounts of dissolved fertilizer. Because fertilizer delivery is
quantitative and imprecise, it is tailored for perennial crops such
as fruit trees and citrus.
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(a) Fertilizer tank picture (b) Working of fertilizer tank

While the ejection pump has advantages such as Easy to
use; no pre-mixing of the stock solution is required,Low main-
tenance requirements and ease of installation, Fertilizer changes
are simple, Perfect for formulas that are dry, Neither fuel nor
electricity are required., it also has disadvantages such as ;Tank
must be able to withstand irrigation line pressure, Concentration
of solution decreases as fertilizer dissolves, Accuracy of applica-
tion is limited, Pressure loss in main irrigation line, Proportional
fertigation is not possible, Limited capacity, Not adapted for
automation.
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1.4.1.2. Vacuum Injection (Venturi)

Vacuum injection (Venturi) This method relies on the
venturi tube principle. A pressure differential between the injec-
tor's inlet and outlet creates a lower pressure (vacuum) that
draws the fertilizer solution into the pipeline.
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(a) Working of venturi (b) Venturi picture

While the veturi has advantages such as; Extremely easy to use
with no mechanical components, Simple to set up and maintain.
Injection is manageable with a metering valve, Appropriate for
both proportional and specific fertigation. it also has disadvanta-
ges such as; Loss of pressure in the primary irrigation line, Chal-
lenging to implement quantitative fertigation, Complicated au-
tomation setup, Highly sensitive to fluctuations in pressure.
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1.4.1. 3. Pump Injection

Pumps are utilized to transfer the fertilizer solution from
a storage tank into the distribution line. The energy for injection
Is supplied by either electric motors or hydraulic motors. Bene-
fits; Highly precise for proportional fertigation , No pressure
reduction in the line , Easily modified for automation
Drawbacks; Costly , Complex design, incorporating several mo-
ving components, making wear and failure more probable.

-

Pump injection
1.4.2 Fertilizers

Fertilizers represent the second essential component for
fertigation. When choosing fertilizers for fertigation, two key
factors should be taken into account: 1. The solubility of the
fertilizers in the local water supply, as irrigation water may con-
tain various chemical elements that could interact negatively
with dissolved fertilizers, and 2. The acidity level of the fertili-
zer solution, concerning its corrosive potential on the compo-
nents of the irrigation system. Fertigation primarily utilizes nit-
rogen and potassium-based fertilizers. Certain formulations of
phosphorus and micronutrients may also be employed if they are
compatible with the irrigation water (the pH should be kept be-
low 6.5). Additionally, due to issues with precipitation, it is cru-
cial to avoid mixing phosphorus fertilizers with calcium nitrate
and iron.
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2. CONCLUSION

Fertigation serves as an effective method for delivering
nutrients to field crops. It offers numerous advantages to users,
such as increased productivity and improved quality of crops,
efficient use of resources, environmental protection, operational
flexibility, effective weed control, and successful crop growth in
areas with uneven terrain. It is regarded as environmentally fri-
endly since it minimizes nutrient leaching, particularly N-NOs.
Different fertigation techniques can be applied in various con-
texts. Fertigation equipment comes in a variety of types that can
be chosen based on the irrigation systems and crop type. Fertiga-
tion works best with liquid fertilizers or fertilizers that dissolve
in water. Before combining two or more fertilizers, consult the
compatibility chart. The fertigation system is more expensive to
set up initially, but over time, it is more cost-effective than tradi-
tional fertilization techniques because it lowers cultivation costs
by using less fertilizer and boosts farm income through increa-
sed output. In order to meet the nutritional needs of the ever-
increasing population, land and water resources must be used in
more efficient and high-quality production. Increasing demand
for water resources from non-agricultural sectors, global war-
ming, and environmental pollution caused by water containing
chemicals originating from agricultural areas increase the need
for more accurate and effective use of water resources.

Therefore, irrigation should be programmed very well.
Irrigation scheduling, which requires a very advanced level of
knowledge, becomes more difficult as a result of the fertigation
technique and the application of fertilizers with water. In order
for farmers to overcome these difficulties, they should support
and strengthen the Irrigation Unions and Cooperatives in their
regions and ensure that they produce better services by inspec-
ting their activities. It is extremely important to employ Agricul-
tural Engineers who are well-trained in irrigation, who unders-
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tand soil and fertilizer, and who are knowledgeable about plant
cultivation, in these institutions in terms of receiving technical
assistance in overcoming problems.
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