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Ali GOKSU, Kenan YILDIZ

ADIYAMAN DOGAL BADEM POPULASYONUNDAKI
GENOTIPLERDE GOZLENEN DEGISKENLIGIN COK
DEGISKENLI ANALIZLERLE INCELENMESI

0z

Calismada, Adiyaman dogal badem popiilasyonundaki genotiplerin bazi 6zel-
likler bakimindan ortaya koydugu degiskenlik temel bilesenler analizi ile incelen-
mis ve incelenen genotipler kiimeleme analizi ile siiflandirilmistir. Temel bile-
senler analizi sonucunda, incelenen 6zellikler bakimindan popiilasyondaki toplam
degiskenligin %70’inin ilk 4 temel bilesen tarafindan a¢iklandig1 saptanmustir. De-
giskenligin 6nemli bir kismidan sorumlu olan birinci temel bilesen i¢ orani yiik-
sek buna karsilik meyve agirlig1 ve kabuk kalinlig: diistik olan genotipleri i¢ orani
diisitk, meyve agirligs ve kabuk kalinlig yiiksek olanlardan ayirmistir. Kiimeleme
analizi sonucuna incelenen genotipler 4 grupta siniflandirilmistir. i¢ kalitesi yiiksek
olanlar birinci kiimede toplanirken, ¢ift i¢ olusum orani ve i¢ agirlig: diisiik geno-
tipler ikinci grubu olusturmustur. Meyve agirlig: yitksek genotipler {igiincii grupta,
ince kabuklu ve yiiksek i¢ oranina sahip olanlar ise dordiincii grupta toplanmuistir.

Anahtar Kelimeler: Kiimeleme Analizi, Temel Bilesenler, Meyve Ozellikleri.

e

INVESTIGATION OF THE VARIABILITY OBSERVED IN
GENOTYPES IN ADIYAMAN NATURAL ALMOND
POPULATION BY MULTIVARIATE ANALYSIS

ABSTRACT

In the study, the variability of genotypes in the Adiyaman natural almond po-
pulation in terms of some characteristics was examined by principal component
analysis and the examined genotypes were classified by cluster analysis. As a result
of principal component analysis, it was determined that 70% of the total variabi-
lity in the population in terms of examined characteristics was explained by the
first 4 principal components. The first principal component, which is responsible
for a significant part of the variability, distinguished genotypes with high kernel
ratio, but low fruit weight and skin thickness, from those with low kernel ratio,
high fruit weight and shell thickness. As a result of cluster analysis, genotypes were
classified into 4 groups. Genotypes with high kernel quality were collected in the
first cluster, while genotypes with low kernel weight and doubles ratio formed the

https://doi.org/10.7161/omuanajas 1321595 d



Adiyaman Dogal Badem Popiilasyonundaki Genotiplerde...

second group. Genotypes with high fruit weight were collected in the third group,
and those with thin shell and high kernel ratio were collected in the fourth group.

Keywords: Cluster Analysis, Principle Component, Pomology.

e o W
1. GIRIS

Tiirkiye diger birgok meyve tiirii yaninda badem agisindan da 6nemli bir ge-
netik kaynaga sahiptir. Binlerce yildir tohumla yapilan yetistiricilik tilkenin bir¢ok
bolgesinde 6nemli bir genetik zenginligin olusmasina yol agmistir. Dogada yabani
olarak yetisen badem tiplerin seleksiyon yolu ile 1slahi, mevcut genetik kaynakla-
rin degerlendirilmesi agisindan da olduke¢a onemlidir (Ozbek, 1978). Ulkemizde
badem seleksiyonuyla ilgili ilk galisma sonuglari; “Ege Bolgesi Bademlerinin Se-
leksiyon Islahi Uzerine Arastirmalar” adiyla 1968 yilinda Ege Universitesi Ziraat
Fakiiltesi yayini olarak yayinlanmistir (Dokuzoguz ve ark., 1968). Bu galismalar
sonucunda belirlenen Dokuzoguz-I (104-1), Giilcan I (101-23), 48-2 ve 101- 9 gibi
genotipler daha sonraki yillarda tescil edilmis ve gesit 6zelligi kazanmistir. Bu ilk
¢alismadan sonra badem seleksiyonu konusunda ¢aligmalara devam edilmis ve
gec cigeklenen, kalitesi iyi ve verimi ytiksek olan yiizlerce genotip tespit edilmistir
(Simsek ve ark., 2010). Giilsoy ve ark. (2016), Tirkiyede yiiriitiilen badem seleksi-
yon galismalar1 konusunda yaptiklar1 derlemelerinde, 14 tanesi Giineydogu Ana-
dolu Bélgesinde, 8 tanesi Dogu Anadolu Bélgesinde, 3 tanesi Akdeniz Bolgesinde,
2 tanesi Ege Bolgesinde, 2 tanesi I¢ Anadolu Bélgesinde ve 2 tanesi de Karadeniz
Bolgesinde olacak sekilde toplam 31 seleksiyon galismasindan bahsetmiglerdir.
Ayni arastiricilar bu ¢aligmalarin illere gore dagilimini da belirlemisler ve en ¢ok
¢alismanin 9 ¢alisma ile Diyarbakir ilinde yapildigina bildirmislerdir. Bunun disin-
da Sanlwrfa, Van ve Elazi§ illerinde 2’ser, Adiyaman, Aydin, Erzincan, Erzurum,
Hatay, Isparta, Kahramanmaras, Konya, Malatya, Mardin, Nigde, Samsun, Siirt,
Tokat ve Tunceli illerinde ise birer adet ¢aliymanin yapilmis oldugu kaydedilmistir.

Diinya badem iiretiminin yariya yakini karsilayan ABD'de de Nonpareil, Texas,
Tuono, Ne Plus Ultra, Solana, Lauranne, Genco Cristomorto, Verdeal, Gama, Boa
Casta, Glorieta Masbovera ve Monteray gibi badem ¢esitleri, 1800’lii y1llarda Ispan-
yol kolonistleri tarafindan Kuzey Amerika’ya gotiiriilen tohumlardan ¢ikan agaglar
arasindan seleksiyonla elde edilmis birer sans ¢ogiirleridir (Dokuzoguz ark., 1968;
Kester ve Asay, 1975; Kester ve ark.,1990; Wesley ve ark., 1996; Noronha Vaz,1996).

Dogal popiilasyonlarda yapilan seleksiyon caligmalarinda, arastiricinin be-
lirledigi belli 6zelikler bakimindan {istiin olan bireyler secilmektedir. Bu durum
belirlenen 6zellikler diginda bagka {istiin 6zelliklere veya gelecekte 6nemi ortaya
cikabilecek oOzelliklere sahip bireylerin ihmal edilmesine neden olmaktadir. Bu
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nedenle herhangi bir popiilasyonun bir¢ok 6zellik bakimindan tanimlanmasi ge-
lecekte yapilacak 1slah ¢aligmalarinin planlamasia 6nemli katkilar saglayacaktir.
Bu galigma belli bir popiilasyondaki istiin bireyleri belirlemekten ziyade secilen
popiilasyonun tanimlanmasi amaciyla ytratilmistir.

Ulkemizde doganin bir armagani olan mevcut bitkisel gen kaynaklarinin de-
gerlendirilmesi ve korunmasi meyve yetistiriciliginin gelecegi agisindan oldukga
onemlidir. Biitiin diinyada basta insan kaynakl faaliyetlerin dogal sonucu olarak
gittikce artan cevre kirliligi, sehirlesme, orman alanlarmin daralmasi tiir cesitlili-
ginin ve tiir icinde genetik zenginligin giin gegtik¢e azalmasina neden olmaktadir.
Bu durum mevcut genetik kaynaklarin tanimlanmasinin ve koruma altina alinma-
sinin 6nemini artirmaktadir. Bu ¢alismada zengin badem genetik kaynagina sahip
olan Adiyaman ilindeki badem agaglar1 taranmis ve baz1 morfolojik 6zellikler ba-
kimindan popiilasyondaki degiskenlik belirlenmistir.

2. MATERYAL VE YONTEM

Calisma Adiyaman merkez ilcede bulunana tohumdan yetismis badem geno-
tipleri izerinde yuritilmistiir. Belirlenen 49 genotipin her birinden tesadiifen 15
adet meyve alinarak ortalama meyve agirhigi (MA), i¢ agirligi (1A), ig oran1 (10),
kabuk kalinligi (KK), ¢ift i¢ orani (CO), i¢ meyve rengi (IR), yesil kabugun ayrilma
durumu (YKK), kabukta gézenek durumu (KG), tohum kabugunun diizgiinligi
(TKD), igte tiiyliiliik (IT), kabukta siitur agiklig1 (SA) ve meyve sekil indeksi (MS)
belirlenmistir. Meyve sekli, elips, uzun oval, kalp sekli ve uzun dar olarak siniflan-
dirilmis ve elips geklinde olanlara 4, uzun-oval olanlara 3, kalp seklinde olanlara 2,
uzun-dar gekilli olanlara 1 puan verilerek sayisal degerlere ifade edilmistir. I¢ rengi,
¢ok acik (4), orta agik (3), koyu (2), ¢ok koyu (1) olarak ifade edilmistir. Yesil ka-
bugun ayrilma durumunu hig ayrilmayan (1), 1/3’ti ayrilanlar (2), yaris1 ayrilanlar
(3), tamamuina yakini ayrilanlar (4) olarak siniflandirilmistir. Kabukta stitur acik-
1181, ok agik (1), orta acik (2), agik (3) ve kapali (4) olarak ifade edilmistir. Tohum
kabugunun diizgtinligi, dizgin (4), az burusuk (3), burusuk (2) ve ¢ok buruguk
(1) olacak sekilde tanimlanmustir. Icte tiiyliiliik az tiiylii (2) ve tiiylii (1) seklinde s1-
niflandirilmistir. Kabukta gozenek durumu ¢ok gozenekli olanlara 1, gozeneklilere
2 ve az gozenekli olanlara 3 puan verilerek ifade edilmistir.

Incelenen 6zelliklerin genotiplere gore nasil bir dagilim gésterdigini ve geno-
tipler arasindaki benzerlik iliskilerini belirlemek amaciyla temek bilesenler ve kii-
meleme (cluster) analizleri yapilmistir. Verilerin 6l¢iim skalalar: farkli oldugunda
analizlerden Once veriler ortalamasi 0 standart sapmasi 1 olacak sekilde standardi-
ze edilmistir. Kiimeleme analizinde hiyerarsik kiimeleme yontemlerinden Average
metodu kullanilmigtir.

https://doi.org/10.7161/omuanajas.1321595 d
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3. BULGULAR VE TARTISMA

Tablo 1de temel bilegenlerin varyans: ve bunlarin toplam varyans icindeki
oranlar1 verilmistir. Tablodan da goriildiigii gibi ilk temel bilesenin varyansinin
3.82 oldugu bunun toplam varyans i¢indeki payinin ise %32 oldugu belirlenmistir.
Bu sonug incelenen 6zelliklerdeki toplam degiskenligin %32’sinin TBI ile a¢ikla-
nabilecegini gostermektedir. Temel bilesenler analizinde hangi bilesenin 6nemli
oldugunun belirlenmesinde belirgin kurallar olmamakla birlikte, 6z degeri (var-
yanst) 1'den biiyiik olanlarin degerlendirilmesi 6nerilmektedir (Iezzoni ve Pritts,
1991). Diger taraftan bilesenlerin sahip olacag1 varyans veri matrisinin biiyiik-
ligiine bagh olarak degisebileceginden bilesenin sahip oldugu varyansin toplam
varyans i¢indeki paymin da dikkate alinmasi onerilmektedir (Karr ve Martin,
1981; Stauffer ve ark., 1985; Iezzoni ve Pritts, 1991). Bu bilgiler 1s181nda, bu ¢alis-
mada yapilan temel bilegenler analizi sonucunda 1'den daha biiyiik varyansa sahip
olan ilk dort temel bilesenin toplam varyansin %70’ini agikladig: tespit edilmistir.
Bu durum goz 6niine alinarak incelenen genotipler ilk 4 temel bilesen dikkate
alinarak degerlendirilmistir.

Cizelge 1. Temel bilesenlerin (TB) varyansi (6z deger) ve bunlarin toplam var-
yansa katkilar1

Table 1. Eigenvalues of PC axes and their contributions to total variations

Temel Bilesenler Varyans Toplam Varyansa Orani Kiimiilatif Oran
TB1 3.82 32 0.32
TB2 1.96 16 0.48
TB3 1.45 12 0.60
TB4 1.21 10 0.70
TB5 0.92 8 0.78
TB6 0.83 7 0.85
TB7 0.66 6 0.90
TB8 0.48 4 0.94
TB9 0.29 2 0.97
TB10 0.27 2 0.99

TB11 0.12 1 1.00
TB12 0.02 0 1.00

Toplam varyasyonun %32’sini agiklayan birinci temel bilesene gore S1, S2, S20,
S§25, 526 ve S47 kodlu genotiplerin diisiik skorlar alarak digerlerinden belirgin se-
kilde ayrilmistir (Sekil 1). Incelenen 6zelliklerin TB1 iizerine agirliklar1 incelendi-
ginde, [O'nun negatif, MA, KK, MS, SA ve KG'nin ise pozitif yénde yiiksek skor-
lara sahip olduklar: gériilmektedir (Tablo 2). Bu sonug bu genotiplerin digerlerine
kiyasla daha yiiksek IO yaninda daha diisiik, MA, KK, MS, SA ve KG’ degerlerine
sahip olduklarini ifade etmektedir. Birinci temel bilesene gore yiiksek skorlar alan
S16, S29, S31, S33 ve S36 genotipleri ise daha yiiksek meyve agirlig1 yaninda daha
kalin meyve kabuklar ile dikkat ¢ekmistir. Birinci temel bilesene gére genel bir
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degerlendirme yapildiginda, incelenen popiilasyonda, MA, KK, MS, SA, KG ve 1O
acisindan biiyiik bir degiskenligin oldugu goriilmektedir. MA yiiksek olan geno-
tiplerde 1O’nin diisitk oldugu meyve agirliginda KK’'nin daha belirleyici oldugu
saptanmustir. Tiiketiciler meyve agirlig1 ve i¢ orani yiiksek tipleri tercih ederken
Akdeniz Bolgesindeki yetistiricilerin el ve dis bademlerine gore hastaliklara daha
dayanikli olan sert ve tag kabuklu bademleri tercih ettikleri bildirilmistir (Giilcan,
1976; Kaska ve ark., 1993). Yine Avrupada 6nemli baz1 badem ¢esitlerinin ¢ok sert
kabuk yapisina sahip oldugu rapor edilmistir (Kester and Gradziel 1996).
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Sekil 1. ilk dort temel bilesene gore genotiplerin dagilimi (Parantez igindeki
degerler 4. temel bilesenin skorlaridir.

Figure 1. Scattering of genotypes according to the first four principal components
(Values in parentheses are scores for the 4th principal component.

I¢ agirhiginin agirlikli olarak temsil edildigi TB2 ise yiiksek skorlar alan S2, S16,
S21 ve S29 ile diisitk skorlar alan S44, S23, S57 ve S38 genotiplerini birbirinden
ayirmugtir. Incelenen popiilasyonda S2, S16, S21 ve S29 kodlu genotipler yiiksek
i¢ agirligina, S44, S23, S57 ve S38 kodlu genotipler ise diisiik i¢ agirhigina sahip
olduklar1 goriilmektedir. Bademin tohumundan yararlanildig1 igin gerek iriligin
gostergesi olmasi gerekse randimani etkilemesi bakimindan i¢ badem agirlig: se-
leksiyon ¢aligmalarinin énemli bir kriteridir. I¢ badem agirlig1 cesit 6zelligi olup,
kalitim derecesi yiiksektir (Kester and Gradziel, 1996). Bazi {ilkelerde badem igle-
ri dilimlenerek veya serit seklinde kesilerek yemelerde veya farkli gida tirtinlerini
stislemek i¢in kullanilmaktadir. Bu tiir kullanim i¢im iri i¢e sahip badem cesitleri
tercih edilmektedir (Saa, 2020).

TB3 ise I'T, TKD ve IR degerlerinin agirlikli olarak temsil edildigi temel bilesen
olmustur. Bu temel bilesene gore S11, S19, S25 ve S27 numarali genotipler diisiik
puanlar alirken, S9, 39 ve S41 numarali genotipler yiiksek puanlar almistir. Bu so-
nug, bu genotiplerin IT, IR ve TKD &zellikler agisindan birbirinden énemli derece-
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de farkli olduklarini ve popiilasyon ortalamasina gore S11, S19, S25 ve S27’nin daha
diisiik T, IR ve TKD degerlerine S9, 39 ve S41 genotiplerinin ise daha yiiksek I T, IR
ve TKD degerlerine sahip olduklarini isaret etmektedir. Bu 6zellikler sayisal olarak
ifade edilirken ig tityliiliigii az olanlara, i¢ rengi acik olanlara ve tohum kabugu diiz-
giin olanlara yiiksek skorlar verildigi icin S9, 39 ve S41 genotiplerinin daha agik i¢
rengi yaninda, badem i¢lerinin daha az tiiylii ve tohum kabuklarinin daha diizgiin
oldugu ortaya ¢ikmaktadir. Acik renkli ve piirtizsiiz ice sahip gesitler tiiketici tara-
findan daha ¢ok tercih edilmektedir. Ticari degeri yiiksek olan pek ¢ok ¢esidin agik
i¢ rengi yaninda piiriizstiz tohum kabuguna sahip oldugu bildirilmistir (Saa, 2020).

Toplam varyasyonun %10’luk kismini agiklayan TB4’te ise negatif yonde yiik-
sek agirlikla temsil edilen degiskenin YKK, pozitif yonde ise MS oldugu belirlen-
mistir (Tablo 2). TB4'de genotiplerin puanlari incelendiginde en diisiik puani -2.17
ile S46’n1n, e yiiksek puani ise 1.8 ile S7 ve S20’nin aldig1 goriilmektedir. Bu sonug
$46 genotipinin yiiksek YKK degeri (yesil kabugun kalay ayrilmas1) yaninda diisiik
MS degerine (uzun-dar meyve sekli) sahip oldugunu ortaya koymaktadir. Yine bu
sonuglar, popiilasyondaki diger genotiplere kiyasla S7 ve S20 genotiplerinin yesil
kabuklarinin zor ayrildigini, meyve sekillerinin ise eliptik oldugunu ortaya koy-
maktadir. Yesil kabugun kolay soyulmasi tercih edilen bir 6zellik olmakla birlikte
meyve sekli agisindan badem gesitlerinin tercih edilebilirligi titketim sekline bagl
olarak degismektedir. Ornegin Kaliforniya tipi bademlerin genelde dar ve uzun ol-
dugu ve atigtirmalik olarak bu meyve seklinin daha ¢ok tercih edildigi bildirilmis-
tir (Saa, 2020). Yildirim (2007), Isparta yoresinde inceledigi 320 badem genotipi-
nin %34’unun oval, %29’ unun kalp, %27’sinin elips, %4 tintinii yuvarlak, %4’ tintini
uzun dar sekilli oldugunu ifade etmistir.

Cizelge 2. Incelenen 6zelliklerin temel bilesenler tizerindeki agirliklary

Table 2. The weights (Eigenvectors) of the investigated features on the principal
components

Ozellikler TB1 TB2 TB3 TB4
MS 0.236 0.262 -0.064 0.370
SA 0.323 -0.071 -0.122 0.008
1T 0.037 -0.034 0.665 0.338

TKD 0.009 0.225 0.434 0.208
KG 0.341 -0.023 -0.072 0.293
iR -0.039 0.347 0.488 -0.307

YKK 0.180 -0.085 0.195 -0.678
KK 0.472 0.087 -0.025 -0.007
MA 0.431 0.305 -0.040 -0.119
IA -0.047 0.602 -0.180 -0.183
io -0.481 0.069 -0.034 0.042
cO -0.214 0.527 -0.182 0.130
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MA:meyve agirhg, 1A: I¢ agihigy, 10: i¢ orani, CO: cift i¢ orani, IR: i¢ rengi,
YKK: yesil kabugun kavlama durumu, KG: meyve kabugunda gozenek durumu,
TKD:tohum kabugunun diizgiinliigii, IT: igte tityliiliik, SA:siitiir agikhigi, KK: ka-
buk kalinligi, MS: meyve sekil indeksi

Yapilan kiimeleme analizinde badem genotipleri 4 kiimeye ayrilmistir. Birinci
kitmeyi olugturan S1, S49, S9, S12 ve S39 genotiplerinin ortak ozellikleri as tiyli
ve i¢ renklerinin agik veya ¢ok agik olmasidir. Tkinci kiime siitiir agikligi olmayan
¢ift i¢ olusturmayan ve i¢ agirlig: disiik S5, S7, S14, S15, S23, S35, S37, S38, S42 ve
S44 genotiplerinden olugmustur. En fazla genotip ti¢tincii kiimede toplanmustir. Bu
kiimede toplanan 20 genotipin elips veya uzun-oval meyve sekline sahip olduklar:
gortulmistiir. Ayrica yliksek meyve agilig1 da yine bu kiimedeki genotiplerin or-
tak ozelligi olarak dikkat ¢ekmistir. Cok sayida genotipi i¢ine alan bu kiime kendi
icinde alt kiimelerden olusmustur. Bu alt kiimelerden birisini olusturan S16, S24,
§29, §32, §33, S34 ve S41 genotiplerinin popiilasyondaki en iri meyveli genotipler
olduklari goriilmektedir. Nispeten ince kabuklu ve i¢ orani yiiksek sekiz genotip ise
dordinci kiitmede toplanmustir.

125

100

Kiimeler aras1 mesafe

SI 54959 S12 30 S5 S44 545 §35542 S14538 S7 L5 $37 523 §3 S10 31 SE S13536 S17S16 S20 $32534 $24 833 S41 18827 $30 SI19546 540 52 §20 21 SES11 825522 §47 §26
Genotipler

Sekil 2. Kiimeleme analizi sonucunda genotipler arasindaki uzaklig
gosteren dendogram

Figure 2. Dendogram showing the distance between genotypes as a result
of cluster analysis

SONUC

Calisma sonucunda arastirmanin yiritildigii Adiyaman badem popiilas-
yonunda MA, KK, MS, SA, KG ve 10 agisindan énemli bir degiskenligin oldugu
belirlenmistir. Yitksek meyve agirliginin daha ¢ok kalin kabuktan kaynaklandigi,
meyve agirlig yiiksek olan genotiplerde i¢ oraninin diisiik oldugu saptanmustir.
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Yapilan kiimeleme analiz sonucunda incelenen genotipler genel olarak 4 grupta
siniflandirilmigtir. Bu kiimelerin olusmasinda i¢ kalitesi (i¢ rengi, icte tiiytiliik), sii-
tiir agikligy, ¢ift ic olusturma, i¢ agirligs ve meyve agirlig belirleyici temel 6zellikler
olarak dikkat cekmistir.
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Zaki Ahmad FAIZI, Ahmet OZTURK

THE OVERALL EFFECT OF RESERRCH YEARS, ROOTSTOCKS,
AND CULTIVARS ON THE MORPHOLOGICAL
CHARACTERISTICS OF PERR TREES

ABSTRACT

This research was conducted to determine the combined effect of 3 factors, inc-
luding rootstocks, cultivars, and research years, on the morphological characteris-
tics in Samsun/Tiirkiye ecological conditions in 2021 and 2022 years. Eight roots-
tocks consisting of quince BA29 (BA29), quince A (QA), FOX9, FOX11, OHxF333,
OHxF87, FAROLD40, and European pear seedlings were used in the study, while
the 3 standard pear cultivars were ‘Santa Maria, ‘Williams, and ‘Deveci. The study
results revealed the significance of the combined factors on all leaf characteristics
of European pear. The rootstock diameter, scion diameter, tree height, and trunk
cross-sectional area showed insignificant variations. It was determined that the
canopy characteristics of the ‘Williams’/FAROLD40 and ‘Williams’/OHxF333 sci-
on/rootstock combinations in 2022 were higher than other combinations, while
the same combination was obtained with lower values in the case of other morp-
hological characteristics. Generally, all the morphological attributes were obta-
ined higher in the rootstocks/cultivars combination in 2022. In conclusion, the
genetic capacity of rootstocks, cultivars, and variations of the climate situations
in two consequent research years, resulted in variations in the morphological
attributes of pear trees.

Keywords: European Pear, Rootstock, Vegetative Growth, Pyrus communis.

e

ARMUT AGACLARININ MORFOLOJiK OZELLIKLERI
UZERINE ARASTIRMA YILLARININ, ANACLARIN
VE CESITLERIN GENEL ETKISI

0z

Bu aragtirma, 2021 ve 2022 arastirma yillarinda Samsun/Tiirkiye ekolojik ko-
sullarinda armut agaglariin morfolojik ozellikleri tizerine anag, gesit ve arastir-
ma yillart olmak tizere 3 faktoriin birlesik etkisini belirlemek amaciyla yapilmistir.
Arastirmada BA29 (BA29), Ayva A (QA), FOX9, FOX11, OHxF333, OHxF87, FA-
ROLDA40 ve Avrupa armut ¢6giirii olmak tizere sekiz anag; ‘Santa Maria, ‘Williams’
ve ‘Deveci’ olmak tizere 3 standart armut ¢esidi kullanilmistir. Caligma sonuglari,
birlesik faktorlerin Avrupa armudunun tiim yaprak ozellikleri tizerindeki 6nemi-
ni ortaya koymustur. Ana¢ capi, kalem ¢api, aga¢ boyu ve govde kesit alani ba-
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kimindan ise 6nemsiz farkliliklar gostermistir. 2022 arastirma yilinda ‘Williams’/
FAROLDA40 ve ‘Williams'/OHxF333 kombinasyonlarinda ta¢ 6zelliklerinin diger
kombinasyonlardan daha yiiksek oldugu, diger morfolojik ozelliklerde ise ayni
kombinasyonlarda daha diistik degerler elde edildigi belirlenmistir. Genel olarak
2022 aragtirma yilinda anag/cesit kombinasyonunda tiim morfolojik 6zellikler
daha yiiksek elde edilmistir. Sonug olarak, anaglarin ve gesitlerin genetik kapasitesi
ile birbirini takip eden iki arastirma yilindaki iklim kosullarindaki degisiklikler
armut agaclarinin morfolojik 6zelliklerinde farkliliklara neden olmustur.

Anahtar Kelimeler: Avrupa Armudu, Anag, Vejetatif Gelisme, Pyrus communis.

i

1. INTRODUCTION

Pear (Pyrus communis L.) is one of the most common and well-known pome
fruits in terms of fruit-growing techniques (Orman, 2005). Pears require 200-300
chilling hours in subtropical regions, while temperate areas at low to high latitudes
(between 600-2700 m above sea level) need 500-1500 chilling hours (Kumar et al.,
2023). Late spring frosts can limit cultivation and optimum production because its
flowers are damaged at -2.2°C, and small fruits are damaged at 1.1°C (Kurt et al.,
2022a). Along with pear rootstocks, quince dwarf rootstocks are desired to estab-
lish modernized pear orchards (Bolat and Ikinci, 2019; Kurt et al., 2022b). Roots-
tocks are widely used in fruit cultivation for various reasons, including their cli-
mate adaptation, soil qualities, impact on quality and yield, and tolerance to biotic
stresses (Corso and Bonghi, 2014). According to research by Pasa et al. (2015) and
Hepaksoy (2019), optimal planting density, proper rootstock choice, and adequa-
te ecology contribute significantly to fruit trees’ perfect vegetative and generative
performances. The Pyrus genus mostly includes species of mid-sized trees, some
shrubs, and various woody plants. The Pyrus genus trees have straight stems that
are deeply rooted in the soil. The leaves are simple, alternately orientated, and vary
in length from 2 to 12 cm and width from 3 to 5 cm. The petioles are stipulate and
have whole or serrated limb margins. Even though most species are deciduous, a
few Southeast Asian species have evergreen leaves. Some species have silvery, thick
tomentose leaves, while others have glossy green foliage (Simionca et al., 2023).
The vigor of pear trees is an outcome of heritability, biological versatility, adapta-
tion, or favorable responses within the ecological conditions of the study area. For
highly-density planting pear orchards and the availability of the cultural resources,
dwarf trees are ideal. Nevertheless, trees with vigorous growth are ideal if the aim
is to produce pears in drought conditions with less management resources, wood
production, as ornaments for providing shade and shelter, construction, and furni-
ture (Ozturk and Faizi, 2023; Simionca et al., 2023). Some selections of wild pears
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species have a recognized ornamental value due to rapid growth, the varied range
of shapes and sizes, rusticity, low demands on the soil, ability to thrive in different
climates, having attractive foliage and flowers (Yamada et al., 2015). Huge canopy
spread results in substantial costs for management procedures like pruning. The-
refore, cultivars of pears like ‘Hardy, ‘Flemish Beauty, ‘Anjou, and ‘Comice’ with
less vegetative growth are perfect for reducing such expenditures (Kul et al., 2022).
The using of the vigorous rootstocks and cultivars is one of the leading low yield
causes in pear orchards (Pasa et al., 2017). For control the pear cultivars’ vegetative
growth potential, both Pyrus and Cydonia species are used as rootstock (Iglesias
and Asin, 2011; North et al., 2015). However, Pyrus species as rootstock shows
more vigorous growth than Cydonia (Kul et al., 2022). This research was conduc-
ted to determine the combined effects of 8 rootstocks (BA29, QA, FOX9, FOX11,
OHxF333, OHxF87, FAROLDA40, and European pear seedling), 3 cultivars (‘Santa
Maria, ‘Williams, and ‘Deveci’) and 2 consecutive research years (2021 and 2022)
on the morphological characteristics under the ecological conditions of Bafra dist-
rict of Samsun province of Tiirkiye.

2. MATERIAL AND METHOD

2.1. Materials

In the study ‘Santa Maria, ‘Williams’ and ‘Deveci’ cultivars were grafted on ei-
ght different rootstocks, including two Quince clonal rootstocks (BA29 and QA),
five pear clonal rootstocks (FOX9, FOX11, OHxF333, OHxF87, and FAROLDA40),
and European pear seedling rootstocks were used as plant materials in the 2021
and 2022 years.

2.1.1. Experiment Area Properties

The soil of the orchard in which the study was performed included 2.73-10%
clay (low), 13.21-20% silt (medium), 6.5-20% sand (moderate), pH 7.5 (slightly
alkaline), 0.2-0.3 dS m™ salt (no salt), 0.3-0.5 organic matter (low), 3-6% CaCO,
(low), 0.03-0.06% N (low), 5-10 ppm P (moderate), with a soil depth of more than
1 meter. The climate situations of the study area, including temperature (max, min,
and average in °C), relative humidity (%), and monthly total precipitation (mm)
values, are presented in Table 1.
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Table 1. Temperature, relative humidity, and monthly total precipitation of the
study area in 2021 and 2022.

Temperature ("C) Relative Humidity (%)

Months Max. Min. Avg. Max. Min. Avg, Precipitation (mm)
2021
Jan. 131 65 92 908 35.0 637 660
Feh. 17 46 78 91.0 386 645 232
Mar. 114 40 71 855 482 733 908
Apr. 165 80 1.5 874 546 77 592
May 212 12.3 16.4 835 545 696 700
Jun 249 169 207 887 503 743 804
Jul. 289 213 25.0 8310 56.0 714 60
Aug. 7.7 204 238 832 657 723 864
Sep. 220 152 18.1 830 513 700 17.8
Ot 190 122 15.0 85.0 55.0 76.1 110.4
Nov. 165 93 12.2 876 573 728 13
Dec. 138 &1 10.6 887 453 654 526
Mean 18.9 1L6 14.8 86.5 520 70.9 69.5
2022
Jan. 8.1 30 54 939 &2l &0 164.2
Feb. 121 54 82 95,1 633 022 610
Mar. 8.6 L6 15 97.0 452 721 115.4
Apr. 212 7.5 13.3 924 167 713 398
May 255 93 16.8 9538 140 70.9 M3
Jun 324 162 28 959 .1 740 734
Jul. 338 167 243 939 409 694 46
Aug 355 19.7 26.4 96.2 155 751 52
Sep. 32 150 219 956 408 718 294
Ot 249 1z 16.5 97.1 526 804 696
Nov. 222 83 13.9 955 9.1 784 712
Dec. 158 83 13.8 932 628 B0 518
Mean 226 10.2 157 95.1 498 756 60.9
2.2. Methods

The experiment was done in the pear orchard at the Bafra agricultural research
field of Ondokuz Mayis University, situated in the Bafra district of the province of
Samsun. The orchard was established in 2018 with 1-year-old saplings at a spacing
of 1.5 x 3.5 m for quince rootstocks and 3.0 x 3.5 m for pear rootstocks. The plants
were irrigated using drip irrigation from May 15 to September 15. Using 15-30-15
+ ME fertilizer at the start of the summer and 20-20-20 NPK fertilizer in the fall,
drip irrigation was used for fertilization. A rotavator was frequently used to elimi-
nate weeds from between the rows while the earth was mulched on the row.

2.1.1. Morphological Observations

Morphological attributes including rootstock diameter (mm), cultivar diame-
ter (mm), tree height (cm), canopy width (cm), canopy length (cm), canopy height
(cm), canopy volume (m?), trunk cross-sectional area (cm?), leaf width (cm), leaf
length (cm), leaf stalk length (cm), leaf stalk thickness (mm), leaf area (cm?) and
annual shoot length (cm) were evaluated according to previous researches (Ozturk
and Ozturk, 2014; Kurt et al., 2022a).
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2.1.2. Statistical Analysis

Factorial randomized complete block design (FRCBD) was used as the design
of our study. Three factors of data, including cultivars (3 cultivars), rootstocks (8
rootstocks), and years (2 years), were combined and used for analysis. Three rep-
lications and 5 plants in each repetition were used in the research. The obtained
data were analyzed in the statistical package program of IBM SPSS 21.0. Means
differences were determined according to Duncan Multiple Comparison Test with
95% of confidence and 5% (a = 0.05) probability error due to unknown situations.

3. RESULTS AND DISCUSSION

3.1. Leaf Characteristics

The combined effect of the research years, rootstocks, and cultivars on the leaf
stalk length (LSL), leaf stalk thickness (LST), leaf length (LL), leaf width (LW), and
leaf area (LA) of pear cultivars grafted on different quince and pear rootstocks are
given in Table 2. Leaf characteristics were all obtained as statistically significant
(p<0.05). The LSL was recorded between 1.75-4.54 cm. The highest (4.54 cm) LSL
in the ‘Deveci’/FAROLD40 combination in 2022 and the lowest (1.75 cm) LSL in
the ‘Williams’/seedling combination in 2021. The LST varied from 1.49 mm (‘Santa
Mari’/FAROLDA40 in 2021) to 0.65 mm (‘Santa Mari’/FAROLDA40 in 2022). The LA
was obtained between 7.60-25.91 cm? The highest LL was determined in the ‘Santa
Maria’/FOX9 (7.62 cm) in 2022 and the lowest in the ‘Williams’/Seedling (3.88 cm)
in 2021. The highest LW was observed from ‘Santa Maria’/OHxF333 (7.42 cm) in
2022 and the lowest in the ‘Deveci’/Seedling (2.31 cm) in 2021. The highest LA in
the ‘Santa Maria’/OHxF333 combination in 2022 (25.91 cm?) and the lowest LA in
the ‘Williams'/Seedling combination in 2021 (7.60 cm?) (Table 2).

The leaf stalk length of 'Deveci' pear was significantly affected by rootstocks
(Ozturk and Ozturk, 2014). They recorded the LSL of 'Deveci' between 33.5-44.3
mm, the highest LSL on BA29 (44.3 mm) and the lowest on pear seedlings (33.5
mm). Coban and Ozturk (2020) determined that rootstocks, cultivars, and their
interactions had a significant effect on the LSL; they acquired LSL between 22.5-
37.6 mm in the rootstocks and 29.3-35.7 mm in the cultivars. Our study findings
partially differ from the findings of previous researchers. Differences could be due
to the specific growing conditions, rootstocks, and cultivars.

Leaf stalk thickness was significantly affected by rootstock, cultivar, and their
interactions, as reported by Ozturk and Ozturk (2014), the LST of ‘Deveci’ pear
was reported from 0.58-0.76 mm, the highest (0.76 mm) was in BA29 rootsto-
ck, while the lowest (0.58 mm) in the EMC rootstock. Similarly significant effect
of pear rootstocks, cultivars, and rootstock x cultivar combinations on LST was
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reported by Coban and Ozturk (2020). Also Coban and Ozturk (2020) found LST
between 0.97-1.27 mm in rootstocks and 1.06-1.16 mm in the cultivars; they noted the
highest in the FOX11 (1.27 mm), while the lowest was in the seedling (0.97 mm) and
OHxF333 (1.04 mm) rootstocks. Our research findings revealed no significant results

among the cultivars, rootstocks, and their combined effect, except for research years.

Table 2. Combined effects of different rootstocks, cultivars, and research years

on the leaf characteristics of European pear

Years Rootstocks Cultivars LSL (cm) + LST {mm) LL (cm) LW (cm) LA {(em?)
2021 BA29 Santa Maria JAdel 1.05 a-h 6.36 ) 444 bed 2054 d-h*
Williams 2.65 qrs 1.05a-h 5.42 pqr 36000 1398 n-s
Deveci 394b-e 0.88 d-h 607 h-n 307 gr 1345p-u
Quince A Santa Maria 327h-n 1.02 a-h 6.10g-n 392 c-i 1739 h-m
Williams 2.50 rst 1.02 a-h 5.37 pqr 335kq 13.05 p-u
Deveci 323ip 146 ab 5.42 pqr 24551 965 vwx
FOX9 Santa Maria LELYS 071 e-h 587 j-p 347 jq 14.72 m-q
Williams 2.30 st 110 a-h 194 s 34djq 1228 q-v
Deveci 3.00 1-r 0.684 d-h 5.58 n-q 2.58 st 10.36 u-x
FOX11 Santa Maria 388 b 111 a-h 629k 405d-h 18.42 hij
Williams 176 n-s 0.76 ¢-h 5.33 pqr 363i-n 14.13 n-r
Deveci 359 d-k 0.70 gh 6020 2.53 st 10.93 s-w
OHxlF333 Santa Maria 342el 104 a-h 563 m-q a7zgl 1527 k-q
Williams 3T0c L.13a-h 650 d-i 390 c-i 18.52 hij
Deveci 3T6ci 091 c-h 6.33 Fk 3.08 qr 138401
OHxls7 Santa Maria 257 gt 1.32a-d 62 gk 375gk 18.05h-1
Williams 212t 1.00 a-h 4565 3l4pgq 10.49 u-x
Deveci 259 gt 092 b-h 5.46 0-r 2.68 st 1087 s-w
FAROLD40 Santa Maria 338 F1 149a 5.68 1-q 2.62 st 10.75 t-w
Williams 319h-m 101 a-h 5.5 n-q 35700 1442 m-r
Deveci 343el 0.87 d-h 576 k- 176 143 r-v
Seedling Santa Maria 407 a-d 1.02 a-h 6.62d-h 3B5g] 1834 h-k
Williams L75u 0.92b-h 3EEL 2.66 51 7.60 x
Deveci 2385t 0.80 d-h 4180 s 231t B2l wx
2022 BAz9 Santa Maria 3EB b 128 a-e 7.00 b-e 429 b-e 2167 c-g
Williams 2.54 rat 1.02 a-h 563 m-q 355ip 14.37 m-r
Deveci 422 abc 112 a-h 6.52 e-i 321 o0pq 15.081-q
Quince A Santa Maria 4.05 bed 1.08 a-h 7.37 ab 4.49 abc 24.11 abc
Williams 271 p-s 110 a-h 5.38 pqr 326m-q 1270 p-v
Deveci 437 ab 093 b-h 660 e-i 323inq 1523 k-q
FOX9 Santa Maria 378 c-h 116 a-h 762a 4.65 ab 25.52 ab
Williams 176 n-s 1.04 a-h 5221 qr 332lq 12.54 q-v
Deveci 352¢l 128 a-e 7.40 ab 369 h-l 19.92 e-i
FOX11 Santa Maria 340 e 099 a-h 716 a-d 456 ab 2348a-d
Williams 2.08 tu 1.25a-g 6.35 Fj 371gl 16.96 i-0
Deveci 362 d-j L.10a-h 6.99 b-¢ 365h-m 18.44 hij
OHxF333 Santa Maria 33igl 1.45 abc 742 ab 4868 1581a
Williams 28l m-s Ll14ah 6.17 g-m 353i-p 1579 j-p
Deveci 379 c-h 1.05 a-h 723 abc 380 g 19.79 [-i
OHxlFa7 Santa Maria 30jp L1la-h 6.35 Fj 41l cg 18.86 g-j
Williams 23050 1.16 a-h 648 0-i 367 h-m 17.14 j-n
Deveci 28l m-s 120 a-h 646 e-i 3ldpq 14.76 m-q
FAROLD40 Santa Maria 33500 0.65 h 717 a-d 427 b 2232b-c
Williams 27408 1.35 a-d 6.60 c-f 390 e-i 18.79 g-j
Deveci 4540 1.13a-h 7.35ab 358 -0 18.94 g-j
Seedling Santa Maria 307 k-q 127 a-e 7.22 abc 4.36 bed 2281 b-e
Williams 2.67 qrs 1.26 a-g 6.48 e-i 373gl 1740 h-m
Deveci 3B3c-p 1.16 a-h 689 b1 35800 1792 h-1
Significance (P< 0.05) 0.001 0.006 0.001 0.001 0.001
Mean standard errors 0.158 0.155 0.174 0123 0.947

*: Means with different letters in the same column are significant.

+: Leaf stalk length (LSL), Leaf stalk thickness (LST), Leaf length (LL), Leaf width (LW), Leaf area (LA).

ANAJAS, 2024, Cilt 39, Sayi 1, Sayfa 11-27



Zaki Ahmad FAIZI, Ahmet OZTURK

The leaf length of the pear varied significantly in terms of rootstock and culti-
vars, as stated by Serttas (2019) reported that the LL was between 59.0-65.2 mm
in the case of different rootstocks. He acquired the highest (65.5 mm) LL from
‘Santa Maria’ and the lowest from ‘Williams’ and ‘Abate Fetel respectively, 61.7
mm and 61.5 mm. Ozturk and Ozturk (2014) was found to have the highest LL in
the ‘Deveci’/BA29 combination. Our results revealed the highest LL in the ‘Santa
Maria’ on different rootstocks. Kilic (2015) found LL between 32.00-60.18 mm
in consideration of different genotypes of pear. Coban and Ozturk (2020) stated
that rootstocks and cultivars significantly affected the LL in ‘Deveci’ and ‘Willi-
ams’ pear cultivars grafted on quince and pear clonal rootstocks. They noted that
the LL was 6.67-6.88 cm in the rootstock averages and 6.42-7.23 in the cultivars.
When our research findings are compared with previous studies, it is clarified
that the LL is approximately parallel with them.

Ozturk and Ozturk (2014) determined the significant impact of the rootstocks
on the leaf sizes of the ‘Deveci’ cultivar; they reported that LW was the highest in
trees grafted on BA29 rootstock. Kilic (2015) said that LW differed between pear
genotypes in the 28.99-48.34 mm range. Similar to our findings, significant effects
of cultivars, rootstocks, and rootstock x cultivar combinations were recorded by
Coban (2019) and Coban and Ozturk (2020) between 36-37 mm in cultivars and
35-38 mm in the rootstocks. Serttas and Ozturk (2020) reported the highest LW in
‘Deveci’ and ‘Santa Maria (3.75 cm and 3.44 cm) and the lowest (3.40 cm and 3.34
cm) in Abate Fetel’ and ‘Williams’ cultivars. The variations in the results were due
to genetic and environmental factors.

Leaf area is an important morphological characteristic in the determination of
the canopy volume efficiency for an ideal quantity and quality production (Zhang
et al., 2016). Additionally, they noted that the LA of ‘Santa Maria’ was 23.82 cm?
while grafted on BA29. The LA is a significant factor for understanding the status
of trees' evaporation, metabolism, photosynthesis, light reception, water, fertilizer
utilization, blooming, setting of fruit, and productivity (Ozturk et al., 2019). The
leaf area of the Deveci' grafted on BA29 was higher than that of the other roots-
tocks, according to earlier studies that claimed that the rootstocks had a substan-
tial impact on the LA (Ozturk and Ozturk, 2014). Engin (2011) obtained the LA
between 15.72-23.78 cm? in ‘Santa Maria/QA, and 17.07-21.61 cm? in the ‘Santa
Maria’/OHxF333 combinations.

Leaf characteristics of pear trees were acquired as the following while con-
sidering different rootstocks and cultivars respectively, petiole length of 19.26
MC to 30.74 mm QA, 22.34 ‘Williams’ to 28.50 mm ‘Deveci’; petiole thickness
of 0.71 MC to 0.80 mm BA29, 0.74 ‘Deveci’ to 0.79 mm ‘Abate Fetel’; leaf length
of 37.41 MC to 47.93 mm QA, 35.56 ‘Williams’ to 49.20 mm ‘Santa Maria’; leaf
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width of 21.06 MC to 29.41 mm QA, 23.98 ‘Abate Fetel’ to 28.81 mm ‘Santa
Maria’; leaf area of 5.70 MC to 9.87 cm? QA, 6.24 ‘Williams’ to 10.80 cm? ‘Santa
Maria’ (Kurt et al., 2022a).

3.2. Rootstock and Scion Diameter, Tree Length, and Trunk Cross-Sectional Area

The combined effects of three factors (research years, rootstocks, cultivars)
on rootstock diameter (RD), scion diameter (SD), tree length (TL), and trunk
cross-sectional area (TCSA) of pear trees are illustrated in Table 3. All the attribu-
tes mentioned above were found to be statistically insignificant. The RD obtained
between 22.89-78.62 mm, SD varied from 19.0-76.16 mm, TL observed between
123.22-302.0 cm, and TCSA ranged from 2.88-45.70 cm? (Table 3).

In our study, we observed the lower rootstock diameter than the scion diameter
in the case of all quince rootstocks and pear cultivars combinations (Figure 1, Fi-
gure 2 and Figure 3), while the cultivars grafted on the seedling rootstocks, higher
rootstock diameter, was obviously observed than the scion diameter. Francescatto
etal. (2010) reported the lowest rootstock diameter in EMC rootstock in the ‘Pack-
hams’/EMC combination, while the cultivar was grafted on 7 different rootstocks.
Similarly, Ozturk and Ozturk (2014) reported that the highest RD was in the BA29
and the lowest in the MC rootstock. Likewise, a significant impact of rootstocks on
RD was obtained by Giacobbo et al. (2010), Machado et al. (2016), and Rahman et
al. (2017). Cetinbas et al. (2018) stated that the effect of rootstocks and cultivars on
rootstock diameter was significant, while considering the cultivars effect, RD was
obtained higher in ‘Deveci’ than ‘Santa Maria. In terms of rootstocks, they found
higher values in the OHxF333, BA29, OHxF69, and QC rootstocks than the other
evaluated ones. The RD of the ‘Deveci’ cultivar grafted on BA29, MC, and seedling
rootstocks changed in various research years and rootstocks. The researcher repor-
ted the lowest values in the MC than other rootstocks (Ozturk, 2021).

Scion diameter values that we obtained are compatible with the studies pre-
viously performed (Ozturk and Ozturk, 2014; Machado et al.,, 2016; Mete, 2019;
Ozturk, 2021). It was emphasized in similar studies that the effects of rootstocks on
the SD were significant; the SD of the cultivars on vigorous rootstocks was obser-
ved higher than on the dwarfing rootstocks (Sugar and Basile, 2011; Dondini and
Sansavini, 2012; Askari-Khorosgani et al., 2019).
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Table 3. Combined effects of different rootstocks, cultivars, and research years
on the rootstock diameter, scion diameter, tree length, and trunk cross-sectional
area of European pear

Years Rootstocks Cultivars RI} (mm) t SD (mm) TL (cm)} TCSA (cm?)
2021 BA29 Santa Maria 42.73a 39.89a 24030 12.50a"
Williams 3M7la 3234a 202860 44l a
Deveci 5327 a 52.04a 236940 21.56a
Quince A Santa Maria 42.35a 42.33a 24767 a 1426a
Williams 27.54a 26.02a 154.3%a 53 a
Deveci 47962 1982 a 24692 a 19.57 a
FOXe Santa Maria M.13a 21.24a 13837 a 3is5a
Williams 12894 19008 123220 188a
Deveci TR 1517 a 150.78 & 498 a
FOX11 Santa Maria 48.13 a 45332 266.87 a 16.19a
Williams 53864 1869 27231a 18663
Deveci 54752 51464 262460 21904
OHxlF333 Santa Maria 4587 a 40.13a 21897 a 1271a
Williams 4872 a 46.97 a ITT4Ta 1892a
Deveci 6247 a G067 a 280.14a 29668
Olxla7 Santa Maria 3122a 2702a 18362 a 573a
Williams 34T74a 37.23a 17019 a 5.85a
Deveci 2891 a 22244 146.51 a 3R%a
FAROLD40 Santa Maria 46.28 a 4344a 227450 1482 a
Williams 5344a 47.65a 286400 17.82a
Deveci 58.46 a 5226a 293040 21.82a
Seedling Santa Maria 47.83a 3783a 277540 1127a
Williams 40.11 a 31.50a 203.04a 793a
Deveci 4776 a 3921a 217.72a 1236a
2022 BA29 Santa Maria 48.10 a 4490 a 23605 1587a
Williams 35.03a 3575a 204.00 1037 a
Deveci 56.63 a 56.16a 242850 2489a
Quince A Santa Maria 52.37a 50.51 a 284720 20.36a
Williams 8.89a 2797 a 15826 a 6.16a
Deveci 6033 a 5934a 261.50 0 27.73a
FOXa Santa Maria 361 a 31.27a 186.17 a 778a
Williams 3204 19884 182130 70la
Deveci 3940 a 3M24a 18111 a 9.37a
FOX11 Santa Maria 5202a 1937 a 240.52a 1926
Williams 6191 a 55.89a 28206 8 24.53a
Deveci 77044 7459 296.54 a 43794
OHxF333 Santa Maria 55.04 2 52.17a 23064 0 211394
Williams 66.68 a 67252 302008 3550
Deveci 7779a 76164 29927 a 4570 a
Olxka7 Santa Maria 703a 3283a 18576 B58a
Williams 42.36a 37.13a 202490 10.94a
Deveci 3808 a 3349a 164.28 a BB6a
FAROLD40 Santa Maria 5399a 51.19a 264.00 2 20.57 a
Williams 6387 a S84Ra I7338a 1687 a
Deveci 7862a 7237a 298994 41.32a
Scedling Santa Maria 59.46 a 4822 a 24338 a 1829
Williams 48.67 a 4437 a 21208 a 1574a
Deveci 58.23a 52.94a 209.50 a 2.66a
Significance (P 0.05) 0.644 0.638 0.772 0.289
Mean standard errors 3.412 3.368 16.565 2.685

*: Means with similar letters in the same column are insignificantly different.
+: Rootstock diameter (RD), Scion diameter (SD), Tree length (TL), Trunk cross-sectional area (TCSA).

https://doi.org/10.7161/omuanajas.353744 d



The Overall Effect of Research Years, Rootstocks, and Cultivars..

OHxF333 OHXFET FAXCLD® Seeding

Figure 1. Diameter illustration of the ‘Santa Maria’ pear cultivar
on eight different rootstocks in 2022

BAX Cuince A FOXS FoxXn

OHxFI33 CEFET FARCLDA0 Seadling

Figure 2. Diameter illustration of ‘Williams’ pear cultivar
on eight different rootstocks in 2022.

OExF333 QHFET FARCLD4) Serdmg

Figure 3. Diameter illustration of ‘Deveci’ pear cultivar
on eight different rootstocks in 2022.
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Tree length was reported by the rootstocks and cultivars (Giacobbo et al., 2010;
Lepsis and Duredze, 2011; Dondini and Sansavini, 2012). The highest TL of ‘Abate
Fetel’ and ‘Conference’ cultivars were observed on pear seedlings than on the BA29
and MA rootstocks (Castro and Rodriguez, 2002). In our study, we observed the
highest TL in the FAROLD40, FOX11, and OHxF333 rootstocks, respectively. This
difference with the previously mentioned study could be due to the slow growth of
seedling rootstocks at the early ages as compared to clonal rootstocks of pear. In the
case of quince clonal rootstocks, there were no statistically significant differences
between them (BA29 and QA), with similar results among QA, QC, Sydo, BA29,
Pyrus communis seedlings rootstocks reported by Kviklys and Kvikliene (2004).
The TL was acquired 159 cm in ‘Williams’ pear cultivar and 225 cm in ‘Deveci’ cul-
tivar while grafted on QA rootstock (Akcay et al., 2009). Similar differences among
the cultivars were observed in our study. Considering the performance of 'Seleta’
cultivar on quince rootstocks (Adams, EMC, and Portugal) and Pyrus calleryana
pear seedlings, Giacobbo et al. (2018) stated that all quince rootstocks reduced the
cultivars' TL by 60% compared to pear seedling rootstock (Pyrus calleryana). The
highest TL of the ‘Deveci’ cultivar was recorded on the BA29 rootstock and the
lowest on the MC rootstock (Ozturk, 2021). There were significant differences in
TL considering different research years. It can be said that differences were due to
the age of the trees (Gercekcioglu et al., 2014). Our research revealed that the trunk
cross-sectional area differs regarding research years, cultivars, and rootstocks. Si-
milar findings were reported by (Iglesias and Asin, 2011; Sugar and Basile, 2011;
Leipsis and Drudze, 2011; Ozturk and Ozturk, 2014; Mete, 2019; Ozturk, 2021;
Kiiciiker and Aglar, 2021; Jovanovic et al. 2022).

In a study that evaluated the effect of different rootstocks and cultivars on
morphological characteristics, the findings respected to the rootstocks reported as
the following: rootstock diameter of 30.20 mm MC to 38.98 BA29; stem diameter
of 25.98 MC to 33.30 BA29 mm; tree length of 153.93 MC to 184.18 cm BA29;
trunk cross-sectional area of 6.88 MC to 10.71 cm® BA29; canopy volume of 0.20
QA to 0.29 m® BA29. While in the case of cultivars respectively reported 25.18
mm ‘Williams’ to 41.75 ‘Deveci’; 21.58 ‘Santa Maria’ to 33.39 mm ‘Deveci’; 142.73
‘Williams’ to 191.34 cm ‘Santa Maria’; 4.79 ‘Williams’ to 11.56 cm? ‘Deveci’; 0.12
‘Williams’ to 0.36 m? ‘Santa Maria’ by Kurt et al. (2022a).

3.3. Canopy Characteristics

Canopy characteristics of European pear, considering the combined effects of
three different factors are given in Table 4. The canopy width (CW) and canopy
volume (CV) were observed as significant, while canopy length (CL) and canopy
height (CH) were acquired as statistically insignificant. The CW was in the 35.22-
199.0 cm range, the highest (199.0 cm) CW observed in the ‘Williams’/OHxF333
interaction in the research year of 2022, and the lowest (35.22 cm) in the ‘Williams’/
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FOX9 combination in the research year of 2021 (Table 4). The CV varied between
0.05-4.19 m?, the highest (4.19 m*) CV observed in the ‘Williams’/OHxF333 com-
bination in the research year of 2022, and the lowest (0.05 m?) in the ‘Williams’/
FOX9 combination in the research year of 2021 (Table 4).

Table 4. Combined effects of different rootstocks, cultivars, and research years

on the canopy attributes of European pear

Years Rootstocks Cultivars CW (cm) 1 CL (cm) CH {cm) CV (m%)
2021 BA29 Santa Maria 136.35 d-j 12272 a 20178 a 147 d-I*
Williams 113.00 g-n 96.97 a 149,88 a 093 ir
Deveci 14046 d-j 123.57 a 20029 a 1.56 d-k
Quince A Santa Maria 13824 d-j 12782 a 20143 a 164 d-j
Williams B8.30 m-q 7134a 12343 a 041 lr
Deveci 11585g-n 103.14a 21038 a L1l h-r
FOXe2 Santa Maria 40.77 st 3329a 114.19a 0.08 gr
Williams 35221 3545a 97.11a 0051
Deveci 4294 st 57.44a 11833 a 0.10 pqr
FOX11 Santa Maria 12540 d-m 126.13a 24867 a 1.57 d-k
Williams 12223 ¢-m 114.50a I3l43a 1.37d-m
Deveci 10944 i-n 108.63 a 22531 a 1289 g-n
OHxlF333 Santa Maria 10971 h-n 111.96a 17772 a 086 j-r
Williams 99.53 j-p 11732 a 241.17 a 112 h-r
Deveci 138.06 d-j 13083 a 2516l a 195 d-i
OHxFa7 Santa Maria 57.12g-t 5430a 14897 a 0.19 0-r
Williams 6858 p-t 676 a 15237 a 029 m-r
Deveci 48.24 rsl 49.61 a 12472 a 0.11 pgr
FAROLD40 Santa Maria 124.61 ¢-m 109.39a 184,89 a Ll15gq
Williams 11347 g-n 12099 a 25694 4 134 d-m
Deveci 11234 g-n 119.66a 25849 a 130 gn
Seedling Santa Maria 13096 d-k 10233 a 22017 a 152 d-k
Williams 77.96 -5 89.35a 174.54a 044 1r
Deveci 92.31 k-q 97.2la 170.55a 0.64 j-r
2022 BA29 Santa Maria 146.33 c-i 130.86 a 19498 a 1.68 d-j
Williams 11238 g-n 10606 a 157.56 4 D85 j-r
Deveci 157.12 h-¢ 14277 a 20562a 206 d-h
Quince A Santa Maria 150.70 b-h 142.01 a 2357 a 222c-p
Williams B6.35m-q 6677 a 12822 a 038 m-r
Deveci 165.54 a-d 13904 a 22100 a 2.41 cde
FOX9 Santa Maria 6947 o-t 66.23a 16340 a 035 m-r
Williams 5475 q-t 51.38a 155254 0.18 o-r
Deveci £9.221q 7956 141.00 a 0.50 1-r
FOX11 Santa Maria 13097 d-k 12355a 20262a 154d-k
Williams 156.39 h-I I57.08 a 24261a 238 c-f
Deveci 15336 b-g 15717 a 25933 a 243cd
OHxF333 Santa Maria 124.34 ¢-m 12323 a 194.03 2 L& gp
Williams 199,00 a 206.00 a 268.50 a 4.19a
Deveci 179.63 abc 17663 a 251.71a 317 be
OHxlFa7 Santa Maria 77.68 n-s 67.21a 15698 a 0.40 I-r
Williams 107 80 i-o 10449 a 173.16a 082 jr
Deveci A16% p-t 6005 a 13858 a 021 n-r
FAROLD40 Santa Maria 11433 g-n 10433 a 22389a 117 gq
Williams 18566 ab 162.52a 4493 a 34l ab
Deveci 15584 b-T 164.62 a 15088 a 247 cd
Seedling Santa Maria 13113 d-k 117.63a 18088 a 13go
Williams 108,08 i-0 94.67 a 18208 a DE8 i-r
Deveci 129.33 d-1 11236a 175.79a 126 g-n
Significance (P< 0.05) 0.035 0.075 0.412 0.013
Mean standard errors 11.814 10.905 16.526 0312

*: Means with different letters in the same column are significant.
+: Canopy width (CW), Canopy length (CL), Canopy height (CH), Canopy volume (CV).
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The findings of this study are consistent with earlier research; it was found that
the research years, rootstocks, and cultivars had a significant impact on canopy
volume (CV). (Stern and Doron, 2009; Hudina et al., 2014). Giocabbo (2010) sta-
ted that the rootstocks significantly affect the CV of cultivars. The CV of ‘Deveci’
grafted on QA was 0.20-0.76 m?, and the ‘Santa Maria’ found 0.26-1.02 m® (Engin,
2011). According to Kaplan (2011), there was a statistically significant variation
in CV across pear cultivars grafted on QA rootstock. He noted that ‘B. Hardy” and
‘B. P. Morettini’ had the biggest and ‘Williams’ had the lowest CV. It was reported
that the lowest CV of pear cv. ‘Suvenirs’ was observed while grafted on QA and QC
rootstocks (Lepsis and Drudze, 2011). According to Ozturk and Ozturk (2014),
the ‘Deveci’ pear cultivar's CV was larger on the BA29 rootstock than it was on the
MC rootstock. According to Ozturk (2021), when comparing the performance of
‘Deveci’ pears on various rootstocks, BA29 had the largest (2.32 m*) CV, and MC
rootstock had the lowest (0.74 m*) CV. The CV of ‘Santa Maria grafted on QA roo-
tstock ranged between 0.71 and 2.0 m?, and the ‘Deveci’ between 0.67 and 1.86 m’
in the Tokat ecological conditions (Kiiciiker and Aglar, 2021).

3.4. Shoot Characteristics

The combined effects of three research factors on the annual shoot length
(ASL), node numbers in the annual shoots (NNAS), and internode length in the
annual shoots (ILAS) are given in Table 5. The ASL was statistically significant, but
the NNAS and ILAS were insignificant. The ASL was in the 11.94-51.04 cm range. The
longest (51.04 cm) ASL was determined in the ‘Deveci’/FOX11 combination in 2022,
and the shortest (11.94 cm) in the ‘Williams’/seedling combination in 2021 (Table 5).

The ASL of pear cvs. ‘Ankara, ‘Ak¢a, ‘Williams, ‘Santa Maria, and ‘Deveci’ in
Bingol ecological conditions were observed between 22.0-86.0 cm. The highest
ASL was in 'Ankara’, and the lowest was in the ‘Santa Maria’ cultivar (Osmanoglu
et al,, 2013). In the case of ‘Abate Fetel’ pear, the ASL was the highest on seedlings
(82.0 cm) and the lowest on BA29 (4.6 cm) and MA (5.2 cm) rootstocks. In ad-
dition, they observed the highest (83.3 cm) ASL of the ‘Conference’ pear on the
seedling and the shortest (2.6 cm) on the BA29 rootstock (Castro and Rodriguez,
2002). In case of different rootstocks x cultivars combinations, the ASL recorded
between 26.0-44.56 cm in ‘Deveci’/QA, 35.56-49.0 cm in ‘Santa Maria’/QA, 22.89-
46.44 cm in ‘Deveci’/OHxF333, and 16.67-37.90 cm in the ‘Santa Maria’/OHxF333
by Engin (2011). In the case of pear cv. ‘Shahmiveh, the longest ASL was obtained
from Konjoni and pear seedlings rootstocks, and the shortest from hawthorn seed-
ling and QC rootstocks (Akbari et al., 2014). A study evaluated the effect of Cham-
pion, Melliforme, P. calleryana pear rootstock on the ASL of pear cv. ‘Williams’ by
Pasa et al. (2020), it was found that the Champion had weaker growth than other ro-
otstocks. In a study that evaluated the effect of different rootstocks and cultivars on
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morphological characteristics, the annual shoot length of 26.88 (MC) to 45.09 cm
(BA29), 31.99 ‘Deveci’ to 42.79 cm Abate Fetel’ were reported by Kurt et al. (2022a).

Table 5. Combined effects of different rootstocks, cultivars, and research years
on the rootstock diameter, scion diameter, tree length, and trunk cross-sectional
area of European pear.

Years Rootstocks Cultivars ASL (em) + NNAS (pes.) ILAS {cm)
2021 BA29 Santa Maria 40.85 a-d* 1196a 343a
Williams iz dl 1167 a 272a
Deveci 40.25 b-¢ 1321a inda
Quince A Santa Maria 34.36 c-i 11.37a 303a
Williams 2972 d-o 1161a I63a
Deveci 30.89 d-n 11.89a 261 a
FOX9 Santa Maria 18.93 0-u 1067 a 179a
Williams 19.65 n-u 10.19a 193a
Deveci 2356 0L 1064 a 221a
FOX11 Santa Maria 3821 el 133la 289 a
Williams T13cg 1709a Z19a
Deveci 35.07 c-h 1477 a 239a
OHxF333 Santa Maria 24.45 h-t 11.24a 2.19a
Williams 2115 -u 10.35a 205
Deveci 3173 d-1 1451 a 218a
OHxls7 Santa Maria 2844 [p 1709 a 1.69a
Williams 36.91 c-g 1880 a Z0da
Deveci 24.72 h-t 1292 a 192a
FAROLD40 Santa Maria 20.07 m-u 1281a 160 &
Williams 3143 d-m 1539a 2058
Deveci 3268 d-k 1472 a 223a
Seedling Santa Maria 26.59 g-s 990a 2698
Williams 11.94u 1045a 1.15a
Deveci 16.36 r-u 1084 a 149a
0322 BA29 Santa Maria 26.81 g-s 10.65a 252a
Williams 15.94 stu 9322a 1.73a
Deveci 25.15h-t I.68a 218a
Quince A Santa Maria 30.75 d-n 11.32a 274a
Williams 16.65 q-u 1083 a 1.55a
Deveci 22.85 ju 10.60 a 2lda
FOX9 Santa Maria 2140 k-u 1192a 1.84a
Williams 17.40 p-u 937a 1668
Deveci 29.00 ¢-o 1064 a 2768
FOX11 Santa Maria 3361 ¢ 12.75a 265a
Williams 2748 f-r 14.69a 1.66a
Deveci 51.04a 18964 2698
OHxlF333 Santa Maria 30.65d-n 1348a 219a
Williams 21.53 k-u 12.09a 1.78a
Deveci 40.83 a-d 134la i0la
OHxls7 Santa Maria 22.89 ju 10454 217a
Williams 14.64 tn 924a 1.59a
Deveci 18.99 o-u 10.52a 1.79a
FAROLD40 Santa Maria 44.28 abc 1701a Z6Z2a
Williams 30.00 d-o 1491 a I03a
Deveci 48.97 ab 1777 a 274a
Seedling Santa Maria 27.86 [q 10.67 a 261 a
Williams 20.28 m-u 1356a 14Z2a
Deveci 3057 d-n 1297a 2A0a
Significance (P< 0.05) 0.031 0.285 0127
Mean standard errors 3.272 1.321 0.192

*: Means with different letters in the same column are significant.
t: Annual shoot length (ASL), Node numbers in the annual shoots (NNAS), Internode length in the annual shoots (ILAS).
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4. CONCLUSION

It was determined that the canopy characteristics of ‘Williams’ pear cultivar in
combination with the FAROLD40 and OHxF333 in 2022 were higher than other
combinations, while the same combination was obtained with lower values in the
case of other morphological characteristics. Generally, all the morphological cha-
racteristics were obtained higher in the rootstocks and cultivars combination in
2022. In conclusion, the genetic capacity of rootstocks, cultivars, and variations of
the climate situations in two consequent research years resulted in variations in the
morphological attributes of pear trees.
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FOSFORLU GUBRE UYGULANMIS TOPRAKTA RHiZOBIA VE
MIKORIzA iLE ASILAMANIN FASULYE (Phaseolus vulgaris L.)
BITKISININ GELISIM VE VERIMi UZERINE ETKISi

0z

Fosforlu giibre uygulamasinin mikroorganizma aktivitesini etkiledigi yapilan
bazi aragtirma sonuglarinda ifade edilmistir. Bu arastirmada 2019-2020 yillarin-
da iki yil siire ile Eskisehir kosullarinda fasulye bitkisine farkli fosfor dozlari, Mi-
koriza mantar1 ve Rhizobia asilamasi yapilarak verim ve onemli verim ogeleri ile
morfolojik ve bazi fizyolojik ozelliklere etkisi incelenmistir. Denemeler tesadiif
bloklar1 deneme deseninde faktoriyel diizenlemeye gore ¢ tekerriirlii olarak ku-
rulmustur. Calismada dort farkl: fosfor dozu [0 (kontrol), 3, 6 ve 9 kg/da] ile kont-
rol, Rhizobia ve Mikoriza uygulamalar1 denenmistir. Sonug olarak; fosforun verim
ve kaliteyi etkileyen temel besin elementlerinden birisi olmas1 sebebiyle artan fos-
for dozlar1 bitkide bakla saysi, bitkide tane sayisi, bitkide tane verimi, biyolojik
verim ve tane verimini olumlu yonde etkilemistir. En yiiksek ilk bakla yiiksekligi
kontrol parsellerinde gozlemlenirken, en yiiksek klorofil icerigi ve yaprak alan in-
deksi 3 kg/da P,O, uygulanan parsellerden elde edilmistir. Rhizobia ve Mikoriza
uygulamalar1 bakimindan ise en yiiksek biyolojik verim, tane verimi, ilk bakla yiik-
sekligi ve yaprak alan indeksi kontrol parsellerinde belirlenmistir. Bitkide tane ve-
rimi ise en yiiksek Rhizobia uygulamasi yapilan parsellerden elde edilmistir. Top-
rak canlilar1 izerinde ¢evre kosullarinin etkisi ¢cok fazla olmaktadir. Beklenenden
farkli olarak Rhizobia ve Mikorizalarin tane verimine etkisinin olmamasi iklim ve
toprak sartlarindan kaynaklanmis olabilir. Elde ettigimiz sonuglara gore bolgemiz-
de fosfor yoniinden yeterli topraklarda 3 kg da! P,O, uygulamasi yeterli olacaktur.

Anahtar Kelimeler: Gluibreleme, Mikoriza, PGPR, Tane Verimi.

ek

EFFECT OF INOCULATION WITH RHIZOBIA AND MYCORRHIZA
WITH PHOSPHORUS FERTILIZER ON THE DEVELOPMENT AND
YIELD OF BEAN (Phaseolus vulgaris L.)

Abstract: Some studies reported that phosphorus fertilizer application affected
microorganism activity. The field experiment was conducted during the 2019 and
2020 at the Eskisehir conditions in Turkey. The effects of phosphorus doses, Rhi-
zobia and Mycorrhiza on yield and yield components and morphological charac-
ters and some physiological characters of beans were investigated in present study.
Experiments were conducted in randomized blocks design with three replications
according to factorial arrangement. Four different phosphorus doses [0 (control),
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3, 6 and 9 kg da'] were applied together with control, Rhizobia and Mycorrhi-
za. According to results; since phosphorus is one of the basic nutritional elements
that affects yield and quality, increasing phosphorus doses positively affected the
number of pods per plant, the number of seeds per plant, the grain yield per plant,
the biological yield and the grain yield. While the highest first pod height was
observed in the control plots, the highest chlorophyll content and leaf area index
were obtained from the plots where 3 kg/da P,O, was applied. The highest biologi-
cal yield, grain yield, first pod height and leaf area index were determined in the
control plots for Rhizobia and Mycorrhiza applications. The highest grain yield per
plant was obtained from the Rhizobia plots. Environmental conditions have a great
influence on soil organisms. Rhizobia and Mycorrhiza may not have had an effect
on grain yield due to climate and soil conditions. In our region, 3 kg da P,O, app-
lication will be sufficient in soils sufficient in terms of phosphorus.

Keywords: Fertilization, Mycorrhiza, PGPR, Seed Yield.

e e
1.GIRIS

Fasulye, ekim alani ve iiretimi bakimindan, yemeklik tane baklagiller icerisinde
diinyada ilk sirada yer almaktadir. Diinya kuru fasulye ekim alan1 35.9 milyon ha,
dretim miktar1 27.7 milyon ton ve verimi 771 kg ha"dir. Tiirkiye ekim alani 107 bin
ha, tiretimi 305 bin ton ve verimi ise 2831 kg hadir (FAOSTAT, 2021).

Kuru fasulye verim ve kalitesinin arttirilmasi i¢in bir¢ok ¢aligma yapilmugtir.
Kimyasal giibrelerle verim arttirilmistir. Ancak gerek artan diinya niifusu i¢in gida
temin etme, gerekse saglik agisindan organik tarimin yayginlagmasi, gerekse siir-
diiriilebilir tarimin éneminin daha iyi kavranmasina bagli olarak dogal giibrelere
olan ilgi giderek artmaktadir. Bu amaglarla ahir giibresi, yarasa giibresi, tavuk giib-
resi gibi dogal giibrelerin disinda, Rhizobia bakterileri ya da Mikoriza mantarlar1
gibi mikroorganizmalar ile yiriitiilen ¢alismalar hiz kazanmigtir.

Rhizobia bakterileri havadaki azotun (N,), birlikte ortak yasam siirdiigii bitki-
lerin ihtiyact olan azot formlaria dénistiiriilmesinde 6nemli rol oynamaktadir
(Karaca ve ark., 2010). Bu rolii sayesinde bakteriler uygun sartlarda, enfekte olunan
baklagil bitkilerinin koklerinde olusturdugu yumrular ile azot baglamakta, toprak-
ta bulunan azotu elementini bitkinin alabilecegi forma dontistiirmek suretiyle bitki
azot ihtiyaci karsilanmaktadirlar. Ayrica bu 6zellikleri sayesinde ve ¢ift¢inin azot
giibresine yaptig1 masraflari azaltmaktadirlar. Baklagil tiirlerini enfekte eden farkli
Rhizobia bakteri suslar1 mevcut olup, fasulye bitkisi i¢in genellikle “Rhizobium le-
guminosarum biovar phaseoli” bakteri susu kullanilmaktadir (Adak, 2021). Kii¢tik
ve Kivang (2008), fasulyede bakteri asilamasiin (Rhizobia sp.) tohum kalitesine
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olan etkisini arastirmislardir. Asilama ve azotlu giibrelemenin tane verimi, pro-
tein orani ve tane agirhginin 6nemli derecede artirdigini belirlemislerdir. Kiigiik
(2011), i¢ Anadolu Bolgesi kosullarinda yiiriittiigii calismasinda fasulyede asilama
ve azot uygulamalarinin verim ve verim ogelerine etkilerini arastirmustir. Sadece
Rhizobia asilamas1 uygulamasi protein verimini arttirirken, Rhizobia agilamast + N
uygulamasi tane verimini ve yiiz tane agirligini artirmigtir.

Mikoriza, mantar anlamina gelen mykes ve kék anlamina rhiza kelimelerinin
birlestirilmesiyle, mantar-kok simbiyotik yasamini belirtecek sekilde adlandiril-
mustir (Yahyaoglu ve Geng, 2020). Mikoriza mantarlari, sporlar1 sayesinde bitki
kokii disinda ve kokiin korteksinde hifsel gelisim saglayarak, bir cesit kok gorevi
gorerek, kokiin alamadig1 mobil elementlerden ve sudan bitkinin yararlanabilme-
sini saglamaktadir. Ugur (2018), tarafindan yapilan bir ¢alismada, Mikoriza'nin
fasulye verimine ve bitki gelisimine etkileri incelenmistir. Mikoriza uygulanan bit-
kilerde verim artis1 tespit edilmistir. Ulug (2018), tarafindan yapilan bir ¢aligmada
ise Mikoriza'nin fasulyedeki verim ve kalitesine etkisi incelenmistir. Verim baki-
mindan kontrol grubuna gore daha iyi sonuglar elde edilmistir. Konu {izerine ya-
pilan calismalar incelendiginde giibreleme ve pestisit uygulamalari gibi geleneksel
tarimin vazgegilmezleri sayilabilecek tarimsal uygulamalarinin Rhizobia bakteri-
leri ile Mikoriza mantarlarinin etkinligini ve faydasini etkiledigini gostermektedir
(Jansa ve ark., 2003; Toljander ve ark., 2008; Dogan ve ark., 2011).

Fosforlu giibre uygulamasinin mikroorganizma aktivitesini etkiledigi arastir-
ma sonuglarina dayal olarak dile getirilmektedir (Kabir, 2005). Mikorizal fungu-
sun bitkilerce alimi yavas olan besin elementlerini 6zellikle fosfor alimini 6nemli
derecede arttirdig: bildirilmistir. (Arikan ve ark., 2023). Bitki tarafindan alinabilir
formda olmayan fosforun alinabilir forma doniismesi veya bitki kok bolgesi titken-
me alani diginda mevcut alinabilir fosforun Mikorizal fungus hifleri aracilig ile
alinmasina fayda saglamaktadir ( Erzurumlu ve Kara, 2014).

Caligmada bu bilgiler 15181nda, fasulye bitkisine farkli fosfor dozlari, Mikoriza
mantar1 ve Rhizobia bakteri asilamasi yapilarak, verim ve 6nemli verim ogeleri ile
morfolojik ve baz fizyolojik 6zellikler incelenmistir.

2. MATERYAL VE YONTEM

Bu arastirma 2019-2020 yillarinda iki yil siire ile Eskisehir Osmangazi Uni-
versitesi Ziraat Fakiiltesi arastirma arazisinde yiritiilmistiir. Eskisehir, Orta
Anadolu Bélgesinin Bati Gegit kusaginda yer alip denizden yiiksekligi 798
metredir. Denemenin kuruldugu bélge 30° 28" Dogu boylamu ile 39° 45" Kuzey
enlemlerinde bulunmaktadir.
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Deneme alanlarindan toprak ornekleri alinmis ve Eskigehir Gegit Kusag Ta-
rimsal Aragtirma Enstitiisi'nde analizleri yapilmistir (Anonim, 2020). Arastirma-
nin her iki yilinda da topraklar orta kirecli, hafif alkali ve organik madde icerigi
azdir. Potasyum ve fosfor yeterli azot miktari ise az diizeydedir (Cizelge 1).

Cizelge 1. Aragtirma yerine iligkin toprak analiz sonuglar1

Table 1. Soil analysis results of the research area

il Derinlik Kire¢  Organik Madde N PO, K,0
1

@ (%) () (kgda')  (egda)
2019 0-30 7.71 7.56 1.65 0.08 17.75 245
2020 0-30 8.22 6.73 1.19 0.06 6.27 350

Aragtirmanin yiriitildigi yillara ve uzun yillara ve ait iklim verileri Cizelge
2'de sunulmustur. Arastirmanin her iki yilinda da toplam yagis uzun yillar ortala-
masindan yiiksek iken, ortalama sicaklik ikinci yil uzun yillar ortalamasina yakin,
birinci yil ise diisiik olmustur. Nispi nem ise her iki yilda da uzun yillar ortalama-
sindan disiik seyretmistir.

Cizelge 2. Arastirma yerine iliskin iklim verileri

Table 2. Climatic data of the research area

Uzun Yillar 2019 2020
Aylar Sicaklik  Yagis Nem  Sicaklik Yagis Nem Sicaklik Yagis Nem
(0 (mm) (%) (0 (mm) (%) (°C)  (mm) (%)

Mayis 16.5 44.8 86.1 16.5 42.2 65.1 16.3 38.9 58.0
Haziran 20.4 30.6 83.3 20.9 45.7 67.9 19.5 74.3 63.5
Temmuz 23.3 14.0 75.8 21.3 33.5 62.3 23.2 1.2 58.0
Agustos 229 7.8 74.1 22.3 24 61.0 234 1.0 52.1
Eylul 20.0 14.4 68.1 18.1 5.0 62.1 21.5 6.0 59.9
Toplam 111.6 128.8 121.4

Ortalama 20.62 77.48 19.82 63.68 20.78 58.3

Meteoroloji Isleri Genel Miidiirliigii

Denemeler tesadiif bloklar1 deneme deseninde faktériyel diizenlemeye gore tig
tekerriirlti olarak kurulmustur. Calismada dort farkli fosfor dozu (0 (kontrol), 3,
6 ve 9 kg/da) ile kontrol, Rhizobia ve Mikoriza uygulamalar1 birlikte denenmistir.
Aragtirmada Topgu fasulye ¢esidi materyal olarak kullanilmistir. Rhizobia bakteri
susu T.C. Tarim ve Orman Bakanlig1 Toprak, Giibre ve Su Kaynaklar1 Arastirma
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Enstitiisi Mudtrligi'nden temin edilmistir. Mikoriza mantari i¢in Bioglobal
Tarimsal Danigmanlik A.S. firmasinin Endo Roots Soluble (ERS) triint kulla-
nilmstir (Cizelge 3).

flk y11 29.05.2019 tarihinde ikinci yil ise 21.05.2020 tarihinde parsellere, sira
aras1 45 cm ve sira tizeri 10 cm olacak sekilde mibzer ile ekim yapilmustir. Ekim ile
birlikte %21’lik amonyum siilfat giibresi azotlu giibre olarak dekara 2.5 kg da”’ N
olacak sekilde uygulanmistir. Deneme desenine gore 0, 3, 6 veya 9 kg da' saf PO,
i¢in TSP (Triple Super Fosfat) giibresi kullanilmigtir.

Rhizobia ve Mikoriza asilamalar1 ekim yapilan giin, sabah saatlerinde ve golgede
yapilmugtir. Ureticinin firma ve kurumun énerileri dogrultusunda Mikoriza igin kg
basina 7.5 g ERS (Endo Root Soluble) ve Rhizobia i¢in kg bagina 10 g bakteri olacak
sekilde uygulama gergeklestirilmistir. Tohumlara bakterilerin ve Mikorizalarin ya-
pisabilmeleri i¢in uygulamadan 6nce kg basina 10 ml sekerli su piiskiirtiilmiistiir.
Ekim yukarida belirtilen tarihlerde hemen akabinde, 6gleden sonra yapilmstir. De-
neme alanindaki yabanci otlar, gerektikge elle kontrol altina alinmistir. Toprak nemi
ve yagis durumuna gore bitkiler koyu renk aldik¢a yagmurlama sulama yapilmustir.

Cizelge 3. Caligmada kullanilan Mikoriza ve Rhizobia organizma icerigi

Table 3. Mycorrhiza and Rhizobia organism content used in the research

Endo Root Soluble (ERS) igerigi Rhizobia Bakteri Susu Igerigi

- Glomus intraradices - Rhizobium leguminosarum biovar phaseoli
- Glomus aggregatum

- Glomus mosseae

- Glomus clarum

- Glomus monosporus

- Glomus deserticola

- Glomus brasilianum

- Glomus etunicatum

- Gigaspora margarita

Her parselden tesadiifi olarak bes bitki se¢ilmis ve bunlarda bitki boyu, ilk
bakla yiiksekligi, bitkide bakla sayisi, bitkide tane sayisi, bitkide tane verimi tes-
pit edilmistir. Her parselin yanlarindan birer sira ve parsel baglarindan 50 ci’lik
kisimlar kenar tesiri olarak atilarak geri kalan kisim elle hasat edilerek tarlada ku-
rutulmus ve tartilarak biyolojik verim ve harmanlamadan sonra dekara tane ve-
rimi tespit edilmistir. Biyolojik verimin tane verimine oranlanmasi ile % olarak
hasat indeksi hesaplanmuistir. Tane verimi i¢in harmanlanmis olan tanelerden dort
tekrarlamali olarak yiizer tohum sayilarak tartilmis ve yiiz tane agirlig1 belirlen-
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mistir (Akgin, 1974). Klorofil ierigi bitkilerin % 50’sinde ¢igeklenmenin bagladig:
donemde tesadiifi olarak secilen 10 bitkinin geng ve saglikli 10 adet yapraginda,
Spectrum-CM1000 tipi cihaz ile dl¢timler yapilarak belirlenmistir. Yaprak alan in-
deksi ise ¢iceklenme baslangicinda Accupar LP-80 aleti kullanilarak olgiilmustiir.

Veriler JUMP?7 istatistik paket programi kullanilarak tesadiif bloklarinda fakto-
riyel deneme desenine gore degerlendirilmistir. Uygulamalar arasinda farkliliklar:
belirlemek i¢in Tukey Testi kullanilmistir.

3. BULGULAR VE TARTISMA

Aragtirmada incelenen sonuglara ait varyans analiz sonuglar: ve ortalama de-
gerler Cizelge 4 ve Cizelge 5'te verilmistir. Incelenen ozellikler bakimindan tane
verimi hari¢ yillar arasindaki farklar tim 6zelliklerde 6nemli bulunurken, fosfor
dozlar1 bakimindan ilk bakla ytiksekligi, bitkide bakla sayisi, bitkide tane sayisi, bit-
kide tane verimi, klorofil icerigi ve yaprak alan indeksi 6zellikleri 6nemli olmustur.
Uygulamalar bakimindan ise ilk bakla yiiksekligi, bitkide tane verimi, biyolojik ve-
rim, tane verimi ve yaprak alan indeksi arasindaki farklar 6nemli olarak saptanmuistur.

3.1. Bitki Boyu ve ilk Bakla Yiiksekligi

Aragtirmanin ikinci yilinda bitki boyu birinci yila gore daha yiiksek iken, ilk
bakla yiiksekligi birinci yilda ikinci yila gore daha yiiksek olmustur. Denemenin
ikinci yilinda 6zellikle ilk gelisim dénemlerinde alinan yogun yagislar bitki boyu-
nun daha yiiksek olmasinda etkili olmustur (Cizelge 2). Fosfor dozlar1 bakimindan
ilk bakla yiiksekligi en fazla kontrol parsellerinde 6l¢iilmiistiir. Fosfor dozlarinin
ilk bakla ytiksekligi tizerine olumlu bir etkisi olmamuigtir. Baydemir (2013), mas
fasulyesinde artan fosfor dozlarmin ilk bakla ytiksekligine etkisinin istatistiki ola-
rak onemli olmadigina dikkat ¢ekmistir. Farkli biyolojik uygulamalarda ilk bakla
yiiksekligini artirmamus, en yiiksek deger kontrol parsellerinde gozlemlenmistir.
Akman (2017), Rhizobia ve Mikoriza organizmalarinin fasulyede ilk bakla yiiksek-
ligine etkisinin istatistiki olarak énemsiz olduguna vurgu yapmustir.

3.2. Bitkide Bakla Sayisi ve Tane Sayisi

Aragtirmanin ikinci yilinda 6zellikle ilk gelisim doneminde yagisin daha ytiksek
olmasindan dolayi bitkide bakla sayis1 ve tane sayisi degerleri daha yiiksek olmugtur
(Cizelge 2). Uygulanan fosfor dozlar1 bitkide bakla sayis1 ve tane sayisini olumlu
yonde etkilemis ve fosfor uygulamasi ile kontrol parsellerine gore daha yiiksek de-
gerler elde edilmistir. Baydemir (2013), mas fasulyesinde en yiiksek bitkide bakla sa-
yisin1 6 kg da™' P,O, uygulanan parsellerden elde ettigini bildirmistir. Batirca ve ark.
(2017), ise sakiz fasulyesinde artan fosfor dozlar ile bitkide bakla sayisinin arttigini
ancak fosfor dozlarinin bitkide tane sayisina etkisinin olmadigin bildirmislerdir.
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Cizelge 4. Farkli biyolojik uygulamalar ve fosforlu giibre dozlarinin incelenen
ozelliklerine iligkin varyans analiz sonuglari, p degerleri ve ortalama degerleri

Table 4. Variance analysis results, p values and mean values of the investigated
characters of different biological applications and phosphorus fertilizer doses

Bitki ik Bakla Bitkide Bitkide Bitkide Biyolojik
Uygulamalar Boyu  Yiiksekligi Bakla Tane Tane Verimi Verim

(cm) (cm) Sayisi Sayisi (g) (kg da)
2019 40.06B 10.62A 28.16B 99.60B 26.82B 333.80B
2020 46.19A 8.58B 50.07A 191.49A 48.59A 470.83A
Ortalama 43.12 9.60 39.11 145.54 37.70 402.31
0Okgda'P,0, 42.09 10.58a 34.87b 129.30b 32.13B 396.10
3 kgda?! PO, 43.94 9.52ab 40.63a 152.96a 38.16A 420.16
6kgda' PO, 43.10 8.94b 40.88a 150.67ab 42.35A 405.51
9kgda' PO, 43.36 9.36ab 40.08ab 149.26ab 38.19A 387.49
Ortalama 43.12 9.60 39.11 145.54 37.70 402.31
Kontrol 44.06 10.52A 36.75 137.62 35.64b 481.69A
Rhizobia 42.01 9.22B 40.98 151.41 40.21a 373.29B
Mikoriza 43.29 9.05B 39.61 147.61 37.27ab 351.97B
Ortalama 43.12 9.60 39.11 145.54 37.70 402.31
Yillar <0.01** <0.01 ** <0.01** <0.01 ** <0.01 ** <0.01 **
Fosfor dozlar: 0.65 6d 0.04* 0.016 * 0.03 * <0.01 ** 0.34 6d
Uygulamalar 0.28 6d <0.01 ** 0.06 6d 0.18 6d 0.014* <0.01 **
Y1l x fosfor d. 0.73 6d 0.57 6d 0.73 6d 0.89 6d 0.96 6d 0.59 6d
Yil x uyg. 0.055 6d 0.19 6d 0.09 6d 0.136d <0.01 ** <0.01 **
Fosfor x uygu. 0.60 6d 0.22 6d 0.02* 0.02* <0.01 ** 0.216d
Yil x fos. x uyg. 0.98 6d 0.62 6d 0.77 6d 0.49 6d 0.42 6d 0.66 6d

6d: 8nemli degil *:p< 0.05 **:p<0.01

Caligmada 3 kg da' P,O, ve Mikorizanin beraber uygulandig parsellerde bit-
kide bakla say1s1 ve tane sayisi en yiiksek olarak elde edilmistir (Sekil 1AB). Fosfor
elementi bitkinin kok gelisimine olumlu etki etmekte ve bitki besin elementlerin-
den daha iyi faydalanmasini saglamaktadir. Mikorizalar ise bitkinin su ve besin
maddesi alimini artirmaktadir. Sonug olarak bitkiler Mikorizalarin yardimui ile fos-
for elementinden daha iyi faydalanmis ve bitkide bakla sayis1 ve tane sayisin1 olum-
lu yonde etkilemistir. Arastirmada 3 kg da™' P,O, ve Mikoriza uygulanan parseller-
de bitkide bakla sayisi ve tane sayist en yiiksek degerleri gosterirken, diger fosfor
dozlarinda Mikoriza uygulanan parsellerde daha diisitk degerler elde edilmistir. Bu
nedenle fosfor dozlar1 x uygulama interaksiyonu énemli olmus olabilir (Sekil 1AB).

https:/doi.org/10.7161/0muanajas 1370027 d



Fosforlu Glbre Uygulanmig Toprakta Rhizobia ve Mikoriza ile...

A B
60 200
180
30
E; I : 160 T . I T
) P . L Emo
L o 120
w20 50
a &
g » g 80
£ s 60
H w
10 40
20
0 0
Okgda1P205  3kgda-1P205  6kgdalP205  Okgda-1P205 0Okgda-1P205  3kgda-1P205  6kgda-1P205  Okgda-1P205
MKontrol  Rhizobia B Mikoriza MKontrol 1 Rhizobia N Mikoriza

Sekil 1. Farkl biyolojik uygulamalar ve fosforlu giibre dozlarinin fasulyede
bitkide bakla sayisi (A) ve bitkide tane sayisina (B) iligkin interaksiyonlari

Figure 1. The interactions of different biological applications and phosphorus
fertilizer doses on the pods per plant (A) and seeds per plant (B) in beans

3.3. Bitkide Tane Verimi

Denemenin birinci yilinda bitkide tane verimi 26.82 g iken, ikinci yil alinan
yagislar sayesinde bitkide tane verimi 48.59 g ile daha yiiksek olmustur (Cizelge
2). Bitkide tane verimi en yiiksek 6 kg da” P O, uygulanan parsellerden elde edi-
lirken 3 ve 9 kg da"' P,O, uygulanan parseller ayni istatistiki grup icerisinde yer
almigtir. En distik deger ise kontrol parsellerinde saptanmistir. Uygulanan fosfor
dozlar1 bitkide tane verimini olumlu yonde etkilemistir. Kuralkan ve ark. (2002),
fasulyede en yiiksek bitkide tane verimini 6 kg da"' P,O, uyguladiklar1 parsellerden
elde ettiklerini bildirmektedirler. Aktas (2017), ise nohutta en yiiksek bitkide tane
verimini 4 kg da” P,O, uyguladiklar1 parsellerden elde ettiklerini bildirmektedir-
ler. Uygulamalar bakimindan bitkide tane verimi en yiiksek Rhizobia uygulanan
parsellerde belirlenirken, bunu Mikoriza uygulanan parseller takip etmis ve en dii-
stik degerlere kontrol parsellerinde ulagilmistir. Rhizobia’lar bitki gelisimini tesvik
eden bakterilerdir. Bu bakterilerin verimi artirict 6zellikleri oldugu gibi baklagiller
i¢in azotlu giibre uygulamasina alternatif olabilecek niteliktedirler. Mikorizalar
ise bitkinin besin maddesi ve su alimini artirmakta ve boylelikle kimyasal glibre
kullanimini azaltici rol oynamaktadirlar. Kaya ve ark. (2002), Rhizobia ile agilama-
nin bitkide tane verimini artirdigini bildirmektedirler. Akman (2017), fasulyede
Rhizobia ve Mikoriza uygulamalarinin bitkide tane verimi {izerine bir etkisinin
olmadigini kaydetmistir.

Tiim biyolojik uygulamalarin oldugu parsellerde ikinci yil birinci yila oranla
daha yiiksek bitkide tane verimi elde edilmistir. Bu nedenle y1l x uygulama inte-
raksiyonu énemli ¢ikmis olabilir (Sekil 2A). Mikorizalar, hifleri vasitasiyla biinye-
sinde su tagtyarak, bitkilerin su alimini arttirirlar (Celik ve ark., 2019). Bakterilerin
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bitki gelisimine faydali olabilmeleri; bitki ve toprak 6zelliklerine, ¢cevre kogullarina
ve bakteri etkinligine gore degisebilmektedir (Adak, 2021). Uygun yagis ve nem,
PGPR etkinligini artirmaktadir (Cakmakg1, 2002). Aragtirmamizda 3 kg da™ PO,
ve Mikoriza uygulanan parsellerde bitkide tane verimi daha yiiksek degerler gos-
termistir. Ancak fosfor dozu artisina bagl olarak bitkide tane verimi dismiistiir
(Sekil 2B). Grant ve ark. (2005), toprakta yliksek oranda fosfor bulunmasinin Mi-
koriza'lar1 olumsuz yonde etkiledigini bildirmektedirler. Demirbas ve ark. (2019),
Mikoriza mantarimin toprakta bitkiler tarafindan alimi yavas olan besin element-
lerinin ozellikle de fosforun alimini 6nemli derecede arttirdigini bildirmislerdir.
Aragtirmamizda 3 kg da' P,O, ve Rhizobia uygulanan parsellerde diisiik tane veri-
mi gozlenirken, diger fosfor dozlarinda bitkide tane verimi yiiksek belirlenmistir.
Bu nedenle fosfor x uygulama interaksiyonu 6nemli ¢ikmis olabilir (Sekil 2B).
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Sekil 2. Farkli biyolojik uygulamalar ve fosforlu giibre dozlarinin fasulyede
bitkide tane verimine (A,B) iliskin interaksiyonlar:

Figure 2. The interactions of different biological applications and phosphorus
fertilizer doses on grain yield per plant (A,B) in beans

3.4. Biyolojik Verim

Aragtirmada birinci yil biyolojik verim ortalamasi 333.80 kg/da iken, ikinci y1l
ilk gelisim dénemindeki yagislarin daha fazla olmasindan dolay: biyolojik verim
denemenin ilk yilina gore daha yiiksek ¢ikmistir (Cizelge 2). En yiiksek biyolojik
verim 481.69 kg da™! ile kontrol parsellerinde belirlenmistir. Kontrol parsellerini
373.29 kg da™* ile Rhizobia uygulanan parseller takip etmis, en disik degerlere ise
351.97 kg da™! ile Mikoriza uygulanan parsellerde ulagilmistir. Yagmur ve Engin
(2005), nohutta yapmis olduklar: ¢aligmalarinda Rhizobia ile agilanmayan kontrol
parsellerinde biyolojik verimin agili parsellerden daha yiiksek oldugunu bildirmis-
lerdir. Cetinkaya ve Dur (2010), msir bitkisinde bitkinin yesil aksam, boy ve sap
verimine Mikoriza'nin olumlu etkisinin olmadigini saptamslardir.
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Ttim biyolojik uygulamalarin oldugu parsellerde ikinci yil birinci yila oranla
daha ytiksek biyolojik verim elde edilmistir. Bu nedenle yil x uygulama interaksi-
yonu 6nemli ¢ikmis olabilir (Sekil 3A). Mikorizalar, hifleri vasitasiyla biinyesinde
su tagtyarak, bitkilerin su alimini arttirirlar (Celik ve ark., 2019). Bakterilerin bitki
gelisimine faydali olabilmeleri ve etkinlikleri bitki ve toprak ozelliklerine, ¢evre
kosullarina ve bakteri suslarina gore degisebilmektedir. Mikroorganizmalar, uygun
nem ve toprak sicakliginda faaliyetlerini arttirirlar (C1g, 2010).
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Sekil 3. Farkli biyolojik uygulamalar ve fosforlu giibre dozlarinin fasulyede
biyolojik verim (A) ve tane verimine (B) iliskin interaksiyonlar:

Figure 3. The interactions of different biological applications and phosphorus
fertilizer doses biological yield (A) and grain yield (B) in beans

3.5. Tane Verimi

Tane verimi en yiiksek 205.60 kg da™! ile kontrol parsellerinde belirlenmistir.
Kontrol parsellerini 157.83 kg da™ ile Rhizobia uygulanan parseller takip etmis, en
diigiik degerlere ise 146.59 kg da ile Mikoriza uygulanan parsellerde ulagilmistir.
Kacar ve ark. (2004), fasulyede Rhizobia ile agilanmis parsellere oranla kontrol par-
sellerinde daha yiiksek tane verimi elde ettiklerini bildirmislerdir. Akman (2017),
ise fasulyede yapmis oldugu ¢alismasinda kontrol parsellerinde Mikoriza uygula-
nan parsellerden daha yiiksek tane verimi elde ettigini bildirmektedir.

Ikinci y1l yagisin daha yiiksek olmasina ragmen tiim biyolojik uygulamalarin
yer aldig1 parsellerde tane verimindeki artis beklenen diizeyde olmamis, Mikoriza
uygulanan parsellerde ikinci yil daha diisiik tane verimi elde edilmistir (Sekil 3B).
Ikinci yil bakla baglama donemi olan Temmuz ayinda denemenin birinci yilina
oranla ¢ok diisiik yagis alinmis, ancak sicakliklar daha yiiksek olmustur (Cizelge
2). Aytekin ve Caliskan (2015), fasulyede ¢evreye bagl olarak genaratif donemde
yasanan stres ile bakla sayusi ile baklada tohum sayisinin azaldigini ve ayrica tane-
lerin kiigiildiigiinii ve sonug olarak verim kayiplarinin meydana geldigini bildir-
mislerdir. Anlarsal ve ark. (2000), baz1 fasulye gesitleri ile Cukurovada yirittikleri
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caligmalarinda Haziran ve Temmuz aylarinda sicakligin artmasi ile yiiksek sicak-
ligin fasulyede tanenin kii¢iik ve ciliz olmasina neden oldugunu rapor etmislerdir.
Warland ve ark. (2006), 1.5 °C’lik kii¢iik bir sicaklik artisinin bile fasulyede verim
tizerinde 6nemli negatif etkilere sahip olduguna dikkat ¢ekmislerdir. Arastirma-
mizda ikinci yil genaratif donemde yiiksek sicakliklar yaganmis ve bu durum dol-
lenmeyi olumsuz etkiledigi igin tane veriminde diisiisler kaydedilmistir. Ikinci yil
kontrol parsellerinde en yiiksek tane verimi gozlenirken, ayn1 yil Mikoriza uygu-
lanan parsellerde en diisiik tane verimi belirlenmistir. Bu nedenle yil x uygulama
interaksiyonu 6nemli ¢ikmis olabilir (Sekil 3B).

Cizelge 5. Farkli biyolojik uygulamalar ve fosforlu giibre dozlarinin incelenen
ozelliklerine iliskin varyans analiz sonuglari, p degerleri ve ortalama degerleri

Table 5. Variance analysis results, p values and mean values of the investigated
characters of different biological applications and phosphorus fertilizer doses

Tane Hasat Yiiz Tane Klorofil Yaprak
Uygulamalar Verimi Indeksi Agirhig igerigi Alan
(kg da™) (%) (g) (Spad) indeksi
2019 166.12 49.74A 30.30A 25.39B 1.61B
2020 173.89 35.77B 26.58B 44.57A 3.46A
Ortalama 170.00 42.75 28.44 34.98 2.53
0Okgda'P,0, 166.81 41.96 28.00 32.25b 2.40ab
3kgda'P,O, 175.27 42.86 28.31 38.59a 2.96a
6kgda’ PO, 176.97 44.40 29.20 35.64ab 2.50ab
9kgda'P,O, 160.97 41.81 28.24 33.43ab 2.31b
Ortalama 170.00 42.75 28.44 34.98 2.53
Kontrol 205.60A 43.54 28.16 34.97 2.80a
Rhizobia 157.83B 43.23 28.96 34.77 2.27b
Mikoriza 146.59B 41.50 28.20 35.19 2.55ab
Ortalama 170.00 42.75 28.44 34.98 2.53
Yillar 0.19 6d <0.01 ** <0.01 ** <0.01 ** <0.01 **
Fosfor dozlar1 0.20 6d 0.156d 0.34 6d 0.03* 0.03*
Uygulamalar <0.01 ** 0.13 6d 0.326d 0.97 6d 0.03*
Yil x fosfor do. 0.58 6d 0.87 6d 0.82 6d 0.012* <0.01 **
Yil x uyg. <0.01** 0.62 6d 0.24 6d 0.77 6d 0.13 6d
Fosfor x uyg. 0.08 6d 0.13 6d 0.75 6d 0.06 6d 0.08 6d
Yil x fos. x uyg. 0.51 6d 0.78 6d 0.91 6d 0.33 6d 0.26 6d

8d: snemli degil *:p< 0.05 **:p<0.01
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3.6. Hasat indeksi

Arastirmamizda birinci yil daha yiiksek hasat indeksi saptanmustir. Tkinci yil
biyolojik verim hayli yiiksek ancak tane verimi bakla baglama déneminde yag:-
sin az, sicakligin yiiksek olmasi nedeniyle diisiik olmustur (Cizelge 2). Bu nedenle
hasat indeksi ikinci y1l daha diisiik kaydedilmistir. Fosfor dozlar1 ve uygulamalar
arasindaki fark 6nemsiz bulunmustur.

3.7.Yiz Tane Agirligi

Birinci y1l yiiz tane agirhg daha yiiksek olmustur. Ikinci yil bakla baglama do-
nemi olan Temmuz aymda denemenin birinci yilina oranla ¢ok diisiik yagis alin-
mus, ancak sicakliklar daha ytiksek olmustur (Cizelge 2). Anlarsal ve ark. (2000)
bazi fasulye gesitleri ile Cukurovada yiiriittiikleri ¢aligmalarinda Haziran ve Temmuz
aylarinda sicakligin artmasi ile yiiksek sicakligin fasulyede tanenin kiigiik ve ciliz
olmasina neden oldugunu rapor etmislerdir. Sonuglar bizim ¢alismamizla paralellik
gostermektedir. Fosfor dozlar1 ve uygulamalar arasindaki fark 6nemsiz bulunmustur.

3.8. Klorofil icerigi

Aragtirmanin ilk yilinda klorofil igerigi ortalamasi 25.39 iken ikinci yilin
ortalamasi 44.57 olmustur. Tkinci yil ilk gelisim déneminde alinan yagislarin fazla
olmasi bu konuda etkili olabilir (Cizelge 2). Fazla yagis fotosentetik aktiviteyi ar-
tirmakta ve klorofil iceriginin de daha yiiksek olmasina neden olmaktadir. Birinci
yil yagis miktarinin az olmasi verim ve verim dgelerinde oldugu gibi klorofil igeri-
gini de azaltmistir. Ghimire ve Craven (2011), Meyer ve ark. (2014), ve Gontilal ve
Soylu (2021), diisiik yagis miktarinin klorofil igerigini azalttigini rapor etmislerdir.
Aragtirmamizda en yiiksek klorofil igerigi 3 kg da” P,O, uygulanan parsellerde
belirlenirken, en diisiik deger kontrol parsellerinde belirlenmistir. Daha yiiksek
fosfor dozlarinda klorofil iceriginin azaldig: kaydedilmistir. Bilindigi tizere bitki-
lerde fazla fosfor giibrelemesi Fe?, Zn*?, Ca*?, Mn** ve B alimini engellemektedir
(Horuz ve ark., 2016). Fosfor dozunun fazla olmasmin dolayli olarak Fe*? alimini
engelledigi, Fe aliminin klorofil sentezindeki enzimin kofaktorii olmasi sebebiy-
le klorofil sentezini azalttig1 i¢cin klorofil igeriginin azalmis olmasi miimkiindiir.
Kigiik (2020), domateste fosforlu giibre uygulamasinin kontrole gére klorofil ice-
rigini artirdigina dikkat ¢ekmistir.

Klorofil i¢erigi, denemenin ikinci yilinda, birinci yila gére tiim fosfor dozlarin-
da daha yiiksek saptanmuistir. Bu durum yil x fosfor dozu interaksiyonunun énem-
li cikmasinda etkili olmustur (Sekil 4A). En yiiksek klorofil igerigine denemenin
ikinci yilinda 6 kg da' P,O, uygulanan parsellerde ulagiimistir.
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Sekil 4. Farkli biyolojik uygulamalar ve fosforlu giibre dozlarinin fasulyede
klorofil igerigi (A) ve yaprak alan indeksine (B) iliskin interaksiyonlar1

Figure 4. The interactions of different biological applications and phosphorus
fertilizer doses chlorophyll content (A) and leaf area index (B) in beans

3.9. Yaprak Alan indeksi

Ikinci y1l ilk gelisim devresinde alinan yagislardan 6tiirii yaprak alan indeksi
daha yiiksek olmustur (Cizelge 2). Temel ve ark. (2015), fig bitkisinde yagis mik-
tarindaki azalisa bagh olarak yaprak alan indeksinin diistiigiinii bildirmiglerdir.
Yaprak alan indeksi en yiiksek 3 kg da’ P,O, uygulanan parsellerde goriiliirken,
en diigiik 9 kg da'' P,O, uygulanan parsellerde belirlenmistir. Bitkilerde verim ve
kalite tizerine olumlu etkisi olan fosfor temel besin elementlerinden birisidir. Fos-
for noksanliginda bitkilerin yaprak alanlarinda ve kuru agirliklarinda 6nemli bir
azalma meydana gelir boylece fotosentez ve bitki gelisimi olumsuz yonde etkilenir
(Colomb ve ark., 2000; Assuero ve ark., 2004). Oden (2012), soya fasulyesinde fos-
forlu giibre uygulamasi ile yaprak alan indeksinin arttigini bildirmistir. Biyolojik
uygulamalar bakimindan en yiiksek yaprak alan indeksi kontrol parsellerinde goz-
lenirken, bunu Mikoriza uygulanan parseller takip etmis, en disiik degerler ise
Rhizobia uygulanan parsellerde belirlenmistir. Bakterilerin gelisimi, bitki ve toprak
ozelliklerine ve ¢evre kosullarina bagh olarak degismektedir. (Elkoca ve Kantar,
2001; Cakmakgi, 2005).

Tim fosfor dozlarinda ikinci yil birinci yila oranla daha yiiksek yaprak alan
indeksi elde edilmistir. Bu nedenle y1l x fosfor dozlari interaksiyonu 6nemli ¢ikmis
olabilir (Sekil 4B). Fosforlu giibreleme yapilmayan kontrol parsellerinde ilk yil en
diisitk yaprak alan indeksi saptanirken, ikinci yil en yiiksek deger belirlenmistir.
Bu sonuglarda ikinci yil ilk gelisim devresinde alinan yagislarin yiiksek olmasi
etkili olmus olabilir. Ayrica toprak canlilarinin etkinligi toprak sartlarina gore de
¢ok degisebilmektedir.
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SONUCLAR

Fosfor verim ve kaliteyi etkileyen temel besin elementlerinden biridir. Arastir-
mada artan fosfor dozlar1 bitkide bakla sayisi, bitkide tane sayisi, bitkide tane veri-
mi, biyolojik verim ve tane verimini olumlu yonde etkilemistir. Rhizobia ve Miko-
riza uygulamalar1 bakimindan ise en yiiksek biyolojik verim ve tane verimi kontrol
parsellerinde belirlenmistir. Toprak canlilari tizerinde ¢evre kosullarinin etkisi cok
fazla olmaktadir. Beklenenden farkli olarak Rhizobia ve Mikorizalarin tane veri-
mine etkisinin olmamasi iklim ve toprak sartlarindan kaynaklanmis olabilir. Iki
yil siire ile Topgu fasulye cesidi kullanilarak Eskisehirde yiriitiillen bu ¢alismada;
fosfor yoniinden yeterli topraklarda 3 kg da’ P,O_ uygulamas yeterli olacaktur.
Zira ilkbaharda toprak isnmadan fosfor eksikligi rastlanan bir durumdur (Connor
ve ark., 2011). Bununla birlikte genis alanlar i¢in tavsiyede bulunabilmek i¢in farkl
fosfor seviyesine sahip topraklarda yeni denemelerin yiiriitiilmesinde fayda vardr.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atismasi olmadigini beyan eder.

Etik

Bu ¢aligma etik kurul onay1 gerektirmez.

Yazar Katki Oranlari

Caligmanin Tasarlanmasi (Design of Study): GT(%20), ET(%40), NK(%40)
Veri Toplanmasi (Data Acquisition): GT(%50), ET(%40), NK(%10)

Veri Analizi (Data Analysis): GT(%25), ET(%50), NK(%25)

Makalenin Yazimi (Writing Up): GT(%25), ET(%25), NK(%50)

Makalenin Gonderimi ve Revizyonu (Submission and Revision): GT(%20),
ET(%40), NK(%40)
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EVALUATION OF THE POSSIBILITIES OF USING GREEN
MANURE RS BASED FERTILIZER

ABSTRACT

This study investigated the effect of using green manure plants as an alternative
to chemical fertilization (Control) used as a base fertilizer on peppers growth and
early yield values. In chemical base fertilizer application, 25 kg (15-15-15) com-
pound fertilizer was applied per decare. The seeds of the broad bean (Vicia faba
L.cv. Golyaka) plant, which is used as a green manure plant, were sown and mixed
into the soil during the whole florescence period. According to the results, the
highest organic matter content in the soil was obtained with green manure appli-
cation. In contrast, the N, P and K contents increased significantly (P<0.05) with
chemical fertilization. Among the plant growth parameters, the highest plant hei-
ght (48.6 cm) was obtained from green manure application. In contrast, the highest
stem diameter (8.3 mm), number of fruits (38) and yield (326.5 g/plant) values
were obtained from chemical fertilizer application. As a result, green manuring
increases the amount of organic matter in the soil and will have positive effects in
the long term. However, it has been determined that the use of chemical fertilizers
positively affects development and productivity in the short term.

Keywords: Pepper, Broad Bean, Organic Fertilization, Yield.

e 2k

YESIL GUBRELEMENIN TABAN GUBRESI OLARAK KULLANIM
OLANAKLARININ DEGERLENDIRILMESI

Oz

Bu ¢aligmada, taban giibresi olarak kullanilan kimyasal giibrelemeye (Kontrol)
alternatif olarak yesil giibre bitkisi kullaniminin biberin biiyiime ve erkenci ve-
rim degerlerine etkisi aragtirilmistir. Kimyasal taban giibresi uygulamasinda de-
kara 25 kg (15-15-15) kompoze giibre uygulamas: yapilmistir. Yesil giibre bitkisi
olarak kullanilan bakla (Vicia faba L.cv. Gélyaka) bitkisinin tohumlar: ekilerek
tam ¢iceklenme donemlerinde topraga karistirilmistir. Sonuglara gore toprakta en
yiiksek organik madde icerigi yesil giibre uygulamasinda elde edilirken, kimyasal
giibreleme ile N, P ve K igerigi énemli (P<0.05) oranda artmustir. Bitki biiyiime pa-
rametrelerinden en yiiksek bitki boyu (48.6 cm) yesil giibre uygulamasindan elde
edilirken, en yiiksek gévde cap1 (8.3 mm), meyve sayist (38) ve verim (326.5 g/
bitki) degerleri kimyasal giibre uygulamasindan elde edilmistir. Sonug olarak ye-
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sil glibreleme topraktaki organik madde miktarini arttirarak olmasi uzun vadede
olumlu etkileri olacaktir. Ancak, kimyasal giibre kullaniminin kisa vadede gelisme
ve verimi olumlu olarak etkiledigi belirlenmistir.

Anahtar Kelimeler: Biber, Bakla, Organik Giibreleme, Verim.

%

1. INTRODUCTION

Substantial challenges have emerged in addressing food demand due to the inc-
rease in global population. To tackle this issue, a widely shared consensus among
all stakeholders emphasizes the importance of augmenting the yield per unit area.
Although the desired yield increase seems to be achieved by using chemical pesti-
cides and fertilizers, the current system supports monoculture and increase in in-
put use. These practices have encountered critical environmental problems such as
deterioration of the soil’s physical structure and nutrient balance, salinization and
barrenness. In addition, excessive use of chemical pesticides and fertilizers have
affect human healty adversely (Uzun, 2002; Demir and Giil, 2004; Duyar, 2007;
Alagoz, 2017;0zer, 2017).

Increase organic matter content of the soil is one of the effective method to
improve soil structure and it leads to enhance both microorganism activities and
diversity within the soil. Additionally, preventing monoculture and elevating the
organic matter content in the soil are effective strategies to augment the quantity
and diversity of living organism in rootzone. For instance, it is widely recognized
that soil bacteria play a crucial role in facilitating nutrient uptake by plants and
engaging in biological control against soil-borne pests. (Antoun, 2003; Hubbel and
Kidde, 2003; Altin and Bora, 2005; Duyar, 2007; Alagoz et al., 2020). In rhizosphere
bacteria play a crucial role in geochemical nutrient cycling, influencing nutrient
availability for both plants and the soil microbial community. Some organisms in
the rhizosphere, such as Rhizobium and related genera, fix nitrogen through spe-
cialized structures, while others, like Azospirillum and Acetobacter, establish asso-
ciative relationships for nitrogen fixation. Additionally, bacterial ammonifiers and
nitrifiers convert organic nitrogen compounds into plant-accessible inorganic for-
ms (NH4* and NO,). Furthermore, rhizosphere bacteria contribute to phosphorus
availability by enhancing the solubility of insoluble minerals through the producti-
on of organic acids or phosphatases, affecting both native and applied phosphorus
(Mohammadi et al., 2011).

Microbial communities such as bacteria, fungi play vital roles in ecosystem ser-
vices such as nutrient cycling, pathogen suppression, soil aggregate stabilization,
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and xenobiotic degradation. The response of soil microbial biomass, activity, and
community structure to agricultural management practices has been demonstra-
ted (Biederbeck et al., 2005). Green manure applications are among the common
agricultural practices to increase soil organic matter, microorganism biomass, and
diversity (Gardiano et al., 2014; Alagoz et al., 2020). Green manures retrieve nut-
rients from the soil, hinder nutrient leaching, and gradually release the absorbed
nutrients locked in during decomposition (He et al., 2020). Introducing green ma-
nures into the soil enhances soil organic matter, thereby enhancing soil structure
and fertility, facilitating improved plant growth (Froseth et al., 2014).

Additionally, in a study by Gardiano et al. (2014), the effects of 6 winter species
and 13 summer species of plants evaluated as green manure on the population
of Rotylenchulus reniformis, a species of parasitic nematode of plants, in naturally
infested soil. They reported that all winter species and 8 summer species of green
manure reduced the population of R. reniformis after cultivation in infested soil
compared to the control. It may indicate the robust positive correlation between
the modification of soil microbial communities and the suppression of soil-borne
pathogens (Ma et al., 2015). implies that green manure enhances soil nutrition
and enriches beneficial microbes with bio-control capabilities (LeBlanck, 2022).
In another study by Kim et al. (2023), spinach green manure application as a pre-
plant soil treatment improved soil nutrition and pepper growth, fruit yield, and
suppressed weed population. It is indicated that green manure also improves plant
growth and yield of plants cultivated post-treatment of green manure. However,
the effectiveness of green manuring may vary significantly depending on the type
of green manure employed (Dong et al., 2021).

This study aimed to determine the effects of green manuring and chemical
fertilization on plant growth parameters of sweet pepper (Capsicum annuum
L. cv. ‘Karizma).

2. MATERIAL AND METHOD

2.1. Experimental Site and Plant Matertials

The study was carried out in an open field located in Ondokuz Mayis Univer-
sity Faculty of Agriculture Research and Implementation area (41° 37’ 24.71" N,
36° 21’ 11.02" E and 137 m altitude) between March 1 and July 15, 2023. Broad
bean (Vicia faba L.) plants of the Golyaka variety were used for green manuring
and sweet pepper seedlings (Capsicum annuum L. cv. ‘Karizma’) were used as plant
material for post-treatment cultivation.
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2.2. Experimental Design and Treatments

Two different applications were planned in two different cultivation areas (ra-
ised beds; 1x1.5 m) in the study. In green manuring application, broad been seeds
were planted (27 kg da) in the raised beds, with 25 cm between the rows and 13
cm above the row on March 1, 2023. Then broad bean plants were mixed into the
soil as a basal fertilization when the plants reached full bloom period (April 30,
2023). In the second application, 25 kg da! of chemical fertilizer (15:15:15, N:P:K)
was applied to the raised bed as a control five days before planting of pepper se-
edlings. Drip irrigation and black PE mulch was applied to both application areas
and pepper seedlings were planted on May 15, 2023 (45x45cm). Cultural procedu-
res have been carried out since planting and no additional fertilization has been
applied. The soil properties of the trial area are given in Table 1 before and after
applying basal fertilizers. Soil analyses were carried out according the methods
specified in Kacar and Inal (2008).

Stem diameter (mm), plant height (cm), and the number of leaves were mea-
sured at 25-day intervals after planting (Figures 1, 2 and 3). The yield (g/plant) and
number of fruits obtained from the first harvest to the last harvest date were also
calculated and given in Figures 4 and 5.

2.3. Statistical Analysis

The research used a split plot design divided into randomized blocks with three
replications and nine observation plants in each replication. SPSS 15.0 statistical
analysis program was used to evaluate the data obtained as a result of the research.
Differences between the obtained averages were determined by t-test analysis.

3. RESULTS AND DISCUSSION

The physical and chemical properties of the initial and post-treatment soil
samples taken from the area where the study was conducted are provided in Tab-
le 1. The soil’s organic matter was 2.3% at the initial stage, which increased by
41% (3.25%) after applying green manure. In chemical fertilizer application, the
amount of organic matter decreased, which was determined to be 1.74% (Table 1).
On the other hand, N, P and K contents of soil increased with applying chemical
fertilizers at the end of the study (Table 1).
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Table 1. Some physical and chemical properties of soil

E.C. Organic N P K
pH (dS m™) matter (%) (%) (ppm) mg/100g
Beginning 8.0 a* 0.25¢ 23b 0.10b 114c¢ 042¢
Based Fertilizers
Control 7.37b 0.53b 1.74 ¢ 0.19 a* 275 a* 1.25 a*
Green Manure 7.34b 0.81 a* 3.25a* 0.13b 182b 1.02b
*: P<0.05

Similar to our study, studies conducted using broad bean plants (planted seed;
25x13 cm) and green manure also report that the organic matter content of the soil
can be increased up to 100% (Ozer, 2012; Alagoz et al. 2020). In our study, it was
observed that the increase in the amount of organic matter in green manure appli-
cation was higher than in the control. However, the increase in plant nutrients (N,
P and K) was limited and may arisen from the mineralization process occurring in
the soil since the mineralization of organic matter is much slower than chemical
fertilizers (Ozer, 2012; Durmus and Kizilkaya, 2018). Coskun (2021) reports that
green manure applications in cotton cultivation significantly increase soil Zn, Ec.,
lime, organic matter, phosphorus and potassium content. We observed that plant
nutritional elements in chemical fertilization and green manuring increased signi-
ficantly compared to the initial values (Table 1). Although there is a significant inc-
rease in plant nutrients with green fertilization, it is limited compared to chemical
fertilization. Bellitiirk et al. (2009) determined a significant negative relationship
between soil organic matter amounts and mineralization capacities. The fact that
the mineralization of organic matter is slower than chemical fertilizers limits the
rate of nutrient uptake by plants (Alagoz et al., 2020). Although this may seem like
a disadvantage in the short term, in the long term, it contributes to the productivity
of slow and steady-growing plants by increasing their green period (Ozer, 2012). In
our study, it can be said that green manure applications can compete with chemical
fertilizers in plant growth and leaf formation rates. However, while there was a li-
near increase in trunk diameter in a particular plane when applying green manure,
a parabolic increase was observed in applying chemical fertilizer (Figure 1).
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Figure 1. Effect of different base fertilizer (control and green manuring)
applications on pepper plant height (a) (cm), the number of pepper leaves
(b) and stem diameter (mm) (c) in pepper

Ozer (2012) reported that organic fertilizer applications and shading in tomato
cultivation significantly slowed the plant growth rate and increased the green
period. In this way, they achieved significant productivity increases in tomato cul-
tivation. When we examined our study, significant effects of base fertilizer app-
lications on plant height, stem diameter, number of fruits and yield values were
determined (P<0.05). It was determined that the highest stem diameter (8.3 mm),
number of fruits (38.1) and early yield (326.5 g/plant) values were obtained from
the application of chemical fertilizer as base fertilizer (Figure 1). In contrast, the
highest plant height (48.6 cm) values were obtained from green manure applicati-
on (Figure 1). Although green manure application was initially prominent in the
number of leaves, no statistical differences were detected.
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Figure 2. Effect of different base fertilizer (control and green manuring)
applications on the increase in the cumulative fruit number (a) and yield

(g/plant) (b) (g/plant) of pepper

Unlike our study, it was determined that using green manure plants (broad be-
ans) in broccoli cultivation significantly increased the yield compared to the cont-
rol. However, this study applied additional fertilization (2.5 kg/da) after planting
green manure plant seeds. Similarly, the amount of soil organic matter in the study
increased significantly (Yilmaz, 2013). In the study where they examined the effe-
cts of different applications (mixing them into the soil and as mulch) of different
green manure plants (wheat, barley, vetch, clover and canola) on yield in tomato
cultivation, it was determined that the application of live mulch significantly inc-
reased the yield compared to mixing them into the soil. The control application
obtained the highest efficiency, similar to our study (Kaya, 2011). It is reported
that using organic or inorganic mulch increases soil water retention capacity and
significantly affects yield by increasing plant stomatal conductivity (Ozer, 2017).
In another study, Duyar (2007) determined the effects of using different green ma-
nure plants (soybeans, corn, forage cowpeas) under greenhouse cultivation on the
cultivation of lettuce and tomatoes grown after green manure plants. The highest
yield in lettuce was obtained from corn + chicken manure application, and the
highest yield in tomato was obtained from soybean application. Unlike our study,
it was determined that early yield increased by green manure application. Additi-
onally, chicken manure was used with green manure; however, no additional fer-
tilizer was applied in our study. It has been determined that using different green
manure plants (cowpeas, beans) in organic strawberry cultivation (covered and
open) significantly increases the yield. According to the results, the highest yield in
all areas was determined from cowpea + farm manure application.

Additionally, it has been determined that green manuring is the most econo-
mical method (Saygi, 2014). In all studies, adding a source of organic fertilizer
in addition to green manure plants was taken as a basis. This is mainly because
while organic substances are decomposed by microorganisms in the soil, micro-
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organisms need the mineral nitrogen available (Durmus and Kizilkaya, 2018). In
our study, as in the study of Ozer (2012), there was a decrease in the soil due to the
nitrogen need of the microorganism. This situation has caused decreases in produ-
ctivity in green manuring.

4, CONCLUSION

As a result, it has been determined that applying green manure as a base fer-
tilizer positively affects pepper cultivation by increasing the soil’s organic matter.
However, it has been determined that chemical fertilizer is a better base fertiliza-
tion application for early yield and growth rate. It is thought that using additional
nitrogen sources to increase the success of green manure applications will incre-
ase both the chance of success and competition. The application of broad bean as
green manure in the conventional cultivation system can increase the amount of
microbial diversity and quantity by increasing the amount of organic matter in our
country’s soil. In this way, soil-borne diseases and pests will be suppressed, positi-
vely affecting productivity and quality.
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FARKLI KOKLENDIRME ORTAMLARI VE IBA UYGULAMALARININ
LAVANTADA (Lavandula x intermedia Emeric ex Loisel.)
ILKBAHAR VE SONBAHAR GELIKLERININ KOKLENMESINE ETKISi

0z

Bu caligma, farkli dénemlerde alinan lavanta (Lavandula x intermedia Emeric
ex Loisel) geliklerine IBA uygulamas ile birlikte farkl yetistirme ortamlarimdaki
koklenme durumlarini belirlemek tizere Aralik 2020, Temmuz 2021 yilar1 arasinda
serada ylriitiilmiistiir. Deneme; tesadiif bloklarinda béliinen boliinmiis parseller
deneme desenine gore 4 tekrarlamali olarak kurulmustur. Ana parsellere celik
alma donemi (sonbahar ve ilkbahar), alt parsele IBA (0 ve 1000 mg/l) uygulamala-
r1, en alt parsellere ise farkli koklendirme ortamlar1 (%100 torf; %75 torf + 25 pom-
za; %50 torf + %50 pomza; %25 torf +%75 pomza; %100 pomza) yerlestirilmistir.
Koklenme orani (%), celik bagina kok sayis1 (adet/gelik), en uzun kok boyu (cm)
oOlgiimleri yapilmistir. Koklendirme ortamlarina gore en fazla koklenme %89.5 ile
torf ortamlarindan elde edilmistir. Celiklerin alindigi dénemler bakimindan ise
ilkbahar geliklerinde %88.6, sonbahar celiklerinde ise %78.4 oraninda koklenme
tespit edilmistir. Hormon uygulamas: bakimidan kéklenme orani ise IBA uygu-
lanan ¢eliklerde ortalama %88.2 olurken, hormon uygulanmayan ¢eliklerde %78.4
olmustur. Uglii interaksiyon ortalama degerlerine gore, denemede en yiiksek kok-
lenme orani1 (%96.0) ilkbaharda alinan ve hormon (IBA) uygulanan ¢eliklerin, %75
torf + 25 pomza ve %50 torf + %50 pomza ortamina dikilmesiyle elde edilmistir.
En diistik koklenme orani (% 64.0) ise sonbahar doneminde alinan, hormon uygu-
lanmamis ¢eliklerin, %100 pomza ortamina dikilmesiyle elde edilmistir. Ol¢iilen
ortalama en uzun kok boyu (9.55 cm) ilkbaharda alinan ve hormon uygulanmis
celiklerin, %50 torf + %50 pomza ortamina dikilmesiyle elde edilmistir. Her ne
kadar ilkbahar ¢eliklerinde en iyi sonuglar alinmis olsa da sonbahar gelikleriyle
de tatmin edici miktarda koklenme saglanabilecegi bunun sonucunda da lavanta
bitkisinde sonbahar celikleriyle de iiretimin yapilabilecegi belirlenmistir. Ozellikle
yetistiricilikte sadece torf ortaminin yerine %25 veya %50 oraninda pomza ilavesi
yapilan ortamlarin da uygun oldugu tespit edilmistir.

Anahtar Kelimeler: Koklenme Orani, Kok Sayis1 ve Uzunlugu, Pomza, Torf.

ek
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EFFECT OF DIFFERENT ROOTING MEDIA AND IBAAPPLICATIONS
ON ROOTING OF SPRING AND AUTUMN CUTTINGS IN LAVENDER
(Lavandula x intermedia Emeric ex Loisel.)

ABSTRACT

This study was conducted in the greenhouse between December 2020 and July
2021 to determine the rooting status of lavender (Lavandula x intermedia Eme-
ric ex Loisel) cuttings taken in different periods with IBA application in different
growing media. The study was conducted divided plots in randomized blocks de-
sign with 4 replications. The rooting period was placed in the main plots (autumn
and spring), IBA (0 and 1000 mg/1) applications to the lower parcel, and different
rooting media (100% peat; 75% peat + 25% pumice; 50% peat + 50% pumice; 25%
peat + 75% pumice; 100% pumice) were placed in the lowest plots. Rooting rate
(%), number of roots per cutting (number/cutting), the longest root length (cm)
were measured. According to the rooting media, the highest rooting rate was obta-
ined from peat medias with 89.5%. In terms of the periods when the cuttings were
taken, the spring cuttings showed 88.6% rooting and the autumn cuttings showed
78.4% rooting. In terms of hormone application, the rooting rate was 88.2% on
average in IBA treated cuttings, while it was 78.4% in non-hormone-treated cut-
tings. According to the triple interaction average values, the highest rooting rate
(96%) in the experiment was obtained by planting the cuttings taken in the spring
and applied hormone (IBA) in 75% peat + 25 pumice and 50% peat + 50% pumice
media. The lowest rooting rate (64%) was obtained by planting the cuttings taken
in the autumn and non-hormone-treated in 100% pumice media. The longest root
length measured (9.55 cm) was obtained by planting the hormone-treated cuttings
in spring in 50% peat + 50% pumice media. Even though spring cuttings produced
the best results, autumn cuttings were shown to be capable of achieving acceptable
roots and, consequently, of producing lavender plants. Simultaneously, it has been
found that media containing 25% or 50% pumice added, as opposed to just peat
environment, are equally appropriate.

Keywords: Rooting Rate, Root Number and Length, Pumice, Peat.
o % %
1. GIRIS
Lavanta, Lamiaceae familyasinda yer alan Lavandula cinsinin kapsadig: tiirle-
rin genel bir isimdir (Demir ve Satilmig, 2019). Yaklagik olarak 1 m’ye kadar boy-

lanabilen lavanta bitkisi; yar1 ¢alimsi yapida, ¢ok yillik bir bitkidir. Akdeniz bolgesi
basta olmak tizere; diinya tizerinde bir¢ok bolgede yayilis gosteren 41 kadar tirii
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(Lavandula spp.) bulunmaktadir (Demir ve Satilmis, 2019; Karakas ve Izci, 2021;
[zmirli ve Yildirim, 2023). Giiney Avrupa ve Akdeniz kékenli olan bitki; ortalama
7- 21 °C sicaklik ve ortalama 300-1300 mm yagis alan bolgelerde, toprak pH’si
5.8-8.3 arasinda degisen kalkerli topraklarda dogal olarak yetismektedir (Simon ve
ark., 1980; Ozcan ve ark., 2013). Lavanta kurakliga, sicaga ve soguga kars1 bir hayli
dayanikli bir bitkidir (Aslancan ve Saribas, 2011; Izmirli ve Yildirim, 2023). Diinya-
da ticari manada ekonomik degere sahip ii¢ tiirit bulunmaktadir. Bunlar lavandin
olarak bilinen (Lavandula x intermedia Emeric ex Loisel. = L. hybrida L.), lavander
olarak tanimlanan (Lavandula angustifolia Mill. = L. officinalis L. = L. vera DC),
ve spike lavander diye adlandirilan (Lavandula spica = L. latifolia Medik.) lavan-
ta tiirleridir (Demir ve Satilmis, 2019; Karakas ve Izci, 2021). Ekonomik manada
bitkinin kullanilan kisimlar1 daha ¢ok cicekleridir. Diinya tizerinde ticareti yapilan
en 6nemli 15 bitkisel ugucu yag icerisinde lavanta ugucu yag: da bulunmaktadur.
Ucucu yagin kalitesini; bu yagin bilesiminde yer alan linalool, linalyl acetate, cam-
phor, terpinen- 4-ol, borneol, B-pinene, lavandulol, cineole ve eucalyptol gibi ana
bilesenler belirlemektedir (Baser, 1993; Aslancan ve Saribas, 2011; Yildirim ve ark.,
2019; Izmirli ve Yildirim, 2023). Bitki, sahip oldugu hos kokusu sebebiyle basta par-
fimeri ve kozmetik sanayi olmak tizere bir¢ok alanda degerlendirilen bir hammadde
konumundadir (Zeybek ve Haksel, 2011; Ozcan ve ark., 2013; Yildirim ve ark., 2019).
Sahip oldugu ugucu yaglari; anti bakteriyel, antifungal, analjezik, yatistirici ve sakin-
lestirici gibi bir¢ok faydali 6zelliklere sahiptir (Shellie ve ark., 2002; Prusinowska ve
Smigielski, 2014; Smigielski ve ark., 2018; Yildirim ve ark., 2019; Izmirli ve Yildirim,
2023). Bu 6zelliklere sahip olan bitkinin kiiltiirtiniin yapilmas: ve bu alanda yapila-
cak teknik calismalara agirlik verilmesi 6nem arz etmektedir. Lavanta bitkisi; vejeta-
tif (¢elikle) ve generatif (tohumla) olmak tizere iki farkli sekilde ¢ogaltilabilmektedir.

Celikle yapilan ¢ogaltma islemlerinde bitkilerden alnan celigin tipi, alinma
zamani gibi hususlar 6nemlidir. Ayni1 zamanda ¢eliklerde koklenmenin ve kok ge-
lisimlerinin arttirilmasi icin bitki bityiime diizenleyicilerle muamele edilmektedir
(Ozbek ve ark., 1961). Koklendirmede ¢aligmalarinda bu amagla kullanilan biiyii-
me diizenleyici maddeler arasinda; IBA (Indol Biitirik Asit ) ve NAA (Boyer ve Gra-
ves, 2009) oldukea yaygin olarak kullanilan bitytime diizenleyicilerdendir. Celikle-
rin koklendirilmesinde, kullanilan bu fitohormonlar kadar, kaliteli ve saglikli gelik
ve fidelerin koklendirilmesinde ve yetistirilmesinde kullanilacak olan ortamlarin da
bityiik 6nemi vardir. Tiirkiyede ticari olarak tibbi ve aromatik bitki fidesi yetistiri-
ciliginde yaygin olarak torf, perlit, kokopit ve vermikiilit, gibi ortamlar ve bunlarin
degisik oranlardaki karigimlar: koklendirme ortami olarak kullanilmaktadir.

Aragtirmacilar farkl yetistirme ortamlarinda birgok degisik bitkinin gelisim-
lerinin de farkli oldugunu belirtmislerdir (Giil, 1991; Sevgican, 2003; Hatipoglu
ve Yildirim, 2020). Pomza da farkl yetistirme ortami olarak degerlendirilebilecek
materyallerden bir tanesidir. Pomza kelimesi Italyancadan koken alan bir terim-
dir. Degisik dillerde farkli sekillerde adlandirilirlar. Fransizcada Ponce, Ingilizcede
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Pumice denilen bu maddeye Tiirk¢ede ise pomza, topuk tasi, siingertas, nasir tagi
gibi cesitli isimler verilmektedir (Tuncer ve Ozkan, 2001). Pomza, igerisi bosluklu,
stingersi yapida olup, volkanik olaylar neticesinde olusmustur. Diinyanin birgok
bolgesinde elde edilebilmektedir. Bu kayacin olusumu ve ekonomik olarak kullani-
labilirligi bakimindan Tiirkiyenin de diinya ¢apinda 6nemli bir yeri vardir. Tiirki-
yede I¢ ve Dogu Anadolu bélgelerinde yer alan bazi illerde, oldukea genis pomza
olusumlarini gérmek miimkindir. Bu iller icerisinde Nevsehir, Nigde, Kayseri,
Van ve Bitlis 6nemli bir yere sahiptir (Sarusik ve ark., 1998). Pomza, uygulandig1
tarla topraklarinda hava ve su gecirgenliginin diizenlenmesine katki saglamakta-
dir. Pomza igeren topraklarin bitki gelisimini olumlu etkiledigi ve verimi arttirdi-
&1 belirtilmektedir. Bu 6zelligi ile sulu tarim uygulamalarinda pomza, bitkilerinin
daha az sulanarak yetistirilmesini saglamaktadir. Toprakta mikroorganizma faali-
yetlerini de arttirdig: bildirilmektedir. Dogal sekliyle kullanilabilen pomza, bir¢ok
toprak diizenleyicisine gore ¢ok daha ekonomik bir tirtindiir. Nakliyesinin kolay
olmasi sebebiyle, tarim sektoriinde de kullanilmaktadir (Tungez, 2007).

Cogu yabanci déllenen ¢ok yillik bitkilerde oldugu gibi, lavanta da ytiksek verim
ve kaliteye sahip cesitlerin yetersizligi yaninda tstiin kaliteli homojen tirtinlerin
elde edilme gerekliliginden dolay: vejetatif cogaltim daha ¢ok tercih edilmektedir.
Vejetatif cogaltim siireglerinin de en uygun sekliyle ortaya konulmasi bu ytizden
énemlidir (Bona ve ark., 2012; Cigek ve Ozel, 2021). Cogaltmada kullanilacak olan
bitki celiklerinin alindig1 donem, geliklerin kéklenmesi i¢in uygulanacak hormon
(koklendirme) gesitleri ve miktarlari, uygulama siireglerinin, koklendirme ortam-
larinin, koklendirme kosullarinin (sicaklik, nem vb) ve daha bir¢cok hususun be-
lirlenmesi 6nemlidir. Lavanta bitkisinde ¢elikle cogaltma, geliklerin kalinliklarinin
koklenme tizerine etkisi, gesitli biiylime diizenleyicilerinin ve bunlarin farkli doz-
larinin etkilerini aragtiran bir¢ok ¢alisma yapilmistir (Ayanoglu ve ark., 2000; Kara
ve ark., 2011; Ozcan ve ark., 2013; Altun ve ark., 2021; 1zgi, 2020; Kara ve Baydar,
2020; Caughey-Espinoza ve ark., 2021; Cicek ve Ozel, 2021; Karakas ve Izci, 2021).

Koklendirme amacryla bitkilerden alinan geliklerde; kéklenme oranlarinda goé-
riilen farkliliklarda geliklerin rejenerasyon yetenekleri ve geliklerin genetik yapist
etkilidir. Ayrica; uygun koklendirme ortamlari, anag bitkinin yasi, alinan geliklerin
uzunlugu ve kalinlig1, anag bitkilerin sahip olduklari i¢sel hormonal dengeler ve
bu hormonlarin diizeyleri ayrica ¢eliklerin anatomik yapis: da bitkilerden alinan
bu geliklerin koklenme oranlarini etkileyen en 6nemli faktorlerdendir (Gil-Albert
ve Boix, 1978; Hartman ve ark., 1997. Schaberg ve ark., 2000; Ahmed ve ark., 2002;
Kara ve Baydar, 2020).

Vejetatif cogaltmada tiim bitki tiirlerinde oldugu gibi lavanta bitkisinde de ¢o-
gunlukla ilkbahar doneminde alinan bitki gévde ve kok gelikleri ¢ogaltim amaciyla
kullanilmaktadir. Ancak ihtiya¢ halinde sonbahar aylarinda alinacak olan ¢elikler-
le de gogaltimin yapilip yapilamayacag: hususunda yapilmis caligma yetersizdir.
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Bu ¢alismada, ilkbahar ve sonbaharda alinan lavanta govde celiklerinin koklen-
me durumlari kiyaslanmigtir. Ayni sekilde bitkilerden alinan ¢eliklerin koklenme-
sinde daha ¢ok tercih edilen torf ile birlikte pomzanin da belli oranlarda karistirila-
cak lavanta bitkisinin ¢eliklerinin koklendirilmesinde koklendirme ortami olarak
kullanilip kullanilamayacag arastirilmistir.

2. MATERYAL VE YONTEM

Deneme; Usak Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Béliimii, serasin-
da Aralik 2020- Temmuz 2021 tarihleri arasinda yiiriitiilmistiir. Denemede, Zi-
raat Fakiiltesi, koleksiyon bahgesinde yer alan lavanta (Lavandula x intermedia
Emeric ex Loisel.) populasyonundan alinan yar: odunsu gévde gelikleri materyal
olarak kullanilmigtir.

Denemede ii¢ faktoriin; 1. celik alma donemlerinin (ilkbahar ve sonbahar), 2.
hormon uygulamalarinin (indol-3- biitirik asit (IBA) uygulanmis (1000 mg/l) ve
uygulanmamis) ve 3. farkli koklendirme ortamlarinin (1. %100 torf; 2. %75 torf +
25 pomza; 3. %50 torf + %50 pomza; 4. %25 torf +%75 pomza; 5. %100 pomza)
lavanta ¢eliklerinin koklenmesi tizerine etkileri degerlendirilmistir. Deneme; tesa-
diif bloklarinda bolinen bolinmiis parseller deneme deseni seklinde 4 tekrarlamali
olarak kurulmugstur. Ana parsellerde gelik alma dénemleri (sonbahar ve ilkbahar);
alt parsellerde hormon (IBA) uygulamalar1 (1000 mg/l hormonlu ve hormonsuz),
en alt parsellerde ise farkli koklendirme ortamlar1 yer almigtir. 2 dénem x 2 hormon
uygulamasi x 5 koklendirme ortamui x 4 tekerriir: 80 adet parsel seklinde deneme
yurtitilmistiir. Her parselde 25 adet ¢elik (15°ser cm boyunda) koklendirmeye alin-
mugtir. Denemede toplam 80 x 25: 2000 adet lavanta geligi kullanilmstir (Sekil 1).

Sekil 1. (1-2) ¢eliklerin hazirlanmasi; (3-4-5) Sonbahar ¢eliklerinin
koklendirilmesi ve koklenen bitkilerin saksilara alinmasi; (6-7-8-9-10)
[lkbahar geliklerinin kéklendirilmesi ve koklenen bitkilerin saksilara alinmasi.
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Figure 1. (1-2) Preparation of cuttings; (3-4-5) rooting of autumn cuttings
and taking rooted plants into pots; (6-7-8-9-10) Rooting of spring cuttings
and taking rooted plants into pots.

Koklendirme ortami olarak kullanilan pomza materyali, temin edildigi firma
tarafindan ticari olarak belirtildigi sekliyle: Cu, Zn, Ni, Pb, Cd, Cr ve Hg gibi agir
metaller, tuzluluk ve kire¢ bakimindan fakir; N, P, K, Ca, Mg, Na, Fe, Cu, Mn, Zn
ve B gibi elementleri iceren, pH bakimindan notr olan bir materyaldir. Bu materyal
Manisa ili Kula ilgesinden temin edilmistir. Koklendirme ortaminda torf materyali
olarak ise yurt digindan getirilerek i¢ piyasada 200 It'lik paketler halinde satilan
ithal torf (Klasmann, Ts1 200L, ¢ok ince yapili, pH: 6) kullanilmistir.

Sonbahar ¢elikleri; 2020'nin Aralik ayinin baglarinda alindiktan sonra IBA uy-
gulamasi yapilan (1000 mg/L dozundaki IBA (Izgi 2020) ¢ozeltisine bu ¢eliklerin
dip kisimlarinin 20-30 saniye daldirilmasi suretiyle) ve yapilmayan seklinde hazir-
lanmis ve sonrasinda 5 farkl koklendirme ortamina dikimleri gergeklestirilmistir.
Sokiimleri ise 3.5 ay sonra 10 Mart 2021 yapilmgtir. ilkbahar gelikleri ise 25 Mart
2021 alinarak gerekli uygulamalar1 yapilmis ve ortamlara dikimleri gergeklestiril-
migtir. {lkbahar ¢eliklerinin de sokiimleri 3.5 ay sonra 10 Temmuz 2021'de yapil-
mistir. Denemede; koklenme orani (%), ¢elik bagina kok sayisi (adet/¢elik) ve en
uzun kok boyu (cm) gibi karakterlerin l¢timleri yapilmaistir.

Aragtirmada ol¢timu yapilan karakterlere ait istatistiki analizler ve ortalama
degerlerin varyans analizleri yapilarak, Duncan testi ile ortalamalar arasindaki
farklar belirlenmistir.

3. BULGULAR VE TARTISMA

3.1. Kéklenme Orani (%)

Elde edilen bulgulara gore kéklenme oranina iliskin ortalama degerlerin var-
yans analizleri incelendiginde geliklerin alindig1 dénem, koklendirme ortami ve
hormon uygulamasi genel ortalamalari arasindaki farklarin %1 seviyesinde 6nemli
oldugu belirlenmistir. Ayrica bu ortalamalar arasindaki hormon x ortam uygula-
mast interaksiyonuna ait ortalamalar arasindaki fark onemsiz iken diger ikili ve tigli
interaksiyon degerleri arasindaki farklar ise %1 seviyesinde 6nemli bulunmustur.

Bu ¢alismada; geliklerin alindig1 dénem, koklendirme ortami ve hormon uy-
gulamasi {i¢lii interaksiyonuna iligskin ortalama degerler incelendiginde en yiiksek
koklenme orani %96 ile ilkbaharda alinan ve hormon uygulanan; %75 torf + %25
pomza ve %50 torf + %50 pomza ortamlarindan elde edilmistir. En diisiik ise %64
ile sonbaharda alinan, hormon uygulanmayan %100 pomza ortamina dikilen ¢e-

ANAJAS, 2024, Cilt 39, Say! 1, Sayfa 55-70



Faik TURGUT, Mehmet Ugur YILDIRIM, Merve BAS, Erciiment Osman SARIHAN m

liklerden elde edilmistir. Hormon x ortam; donem x ortam ve dénem x hormon
uygulamasi ikili interaksiyon degeri de Cizelge 1. de verilmistir.

Celiklerin alindig1 donem bakimindan genel ortalama degerler incelendiginde
ilkbahar ¢eliklerinin koklenme oraninin (%88.6) sonbaharda alinan ¢eliklerden
(%78,4) daha iyi oldugu gorilmektedir. Ancak sonbaharda alman ¢eliklerdeki
koklenme oranlar1 da bu bitkinin yil icerisinde hem ilkbaharda hem de sonbahar-
da alinacak geliklerle kolaylikla ve tatminkar sekilde ¢ogaltilabilecegini de goster-
mektedir (Cizelge 1).

Koklendirme ortamlarina ait genel ortalama degerlere bakildiginda ise en iyi
sonucu %100 torf ortaminin (%89.5) verdigi goriilmektedir. Istatistiki acidan %25
pomza ilavesi yapilan torf ortaminda en iyi sonucun elde edildigi sadece torf or-
tamindaki deger ile ayn1 grupta yer aldig1 goriilmektedir. Bu durum ticari agidan
pahali olan torf ortaminin yerine bir miktar pomza ile karistirilarak elde edilecek
daha uygun maliyetli bir ortamla da yeterli diizeyde koklenme saglanabilecegini
gostermektedir (Cizelge 1).

Hormon uygulamasi agisinda genel ortalama degerler arasinda en iyi sonug
hormon (IBA) uygulanan celiklerden (%88.2) elde edilmistir. Bu durum beklenen
bir durumdur. Cilinkii hormon uygulamasinin koklenmeyi tegvik ettigi bir¢ok ¢a-
lismada tespit edilmistir. Bu ¢alismada da hormon uygulanmus ¢eliklere gére % 9.4
daha fazla koklendikleri belirlenmistir. Ozcan ve ark., (2013), yaptiklar1 ¢alisma-
larinda, koklenme orani {izerine koklenme ortamlarinin etkisini incelemislerdir.
Perlit karistirilmis torf ortaminda koklenme oraninin (%69.17) tarla topraginda-
kine gore (%52.92) daha iyi sonug verdigini saptamislardir. IBAnin farkli dozlariy-
la muamele edilen lavanta geliklerinde en yiiksek koklenme orani %87.5 ile 4000
ppnrlik IBA uygulamasindan elde edilmistir. Ticari koklendirme tozunun uygu-
landig1 celiklerde ise bu oran (%83.75) olmustur. 500 ppm IBA uygulamas: yapi-
lan ¢eliklerde ise en diigiik koklenme orani (%26.25) elde edilmistir. Arslanoglu ve
Albayrak (2011) ise yaptiklar1 ¢calismalarinda; koklenme orani bakimindan lavanta
ve biberiye ¢eliklerinde kontrol ¢elikleriyle kiyaslandiginda; biberiye govde gelikle-
rinde 6000 ppnr’lik IBA dozunun, lavantada ise 2000 ve 4000 ppnr’lik IBA dozlarin;
geliklerinin koklendirilmesinde en iyi sonucu verdigini tespit etmislerdir. Cigek ve
Ozel (2021) yaptiklari caligmalarinda uygulamalara gore, kdklenme oraninin %20
.83-71.25, en uzun kok boyunun 8.15-14.78 cm arasinda degistigini belirtmislerdir.
Aragtiricilar en uygun celik tipinin dip celigi ve en uygun IBA dozunun ise 8000
ppm oldugunu tespit etmislerdir. Yukarida belirtilen arastiricilarin yaptiklar: ¢alis-
malarda yitksek IBA dozlarimin uygulandig: ¢eliklerde koklenme oranlarinin daha
iyi oldugu goriilmektedir. Kara (2011), yaptig1 calismasinda, gelik alma dénemleri-
nin ve farkli IBA dozlarimin L. angustifolia var. silver ¢esidi ¢eliklerinde; kok sayist,
kok uzunlugu ve koklenme oranlarinin farkli oldugunu tespit etmistir. 4000 ppm
IBA dozunda en iyi koklenme oraninin % 95.13 oldugunu belirlemistir. Kumar ve
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Sreeja (1996), L. angustifolia tiriinde farkl gelik tiplerinin koklenme durumunu
aragtirdiklar1 ¢alismalarinda; dip geliklerinde en yiiksek koklenme oranini (%72)
ve kok sayisini 2000 ppm’lik IBA uygulamasindan elde etmislerdir. Arastirmacila-
rin sonuglar ile karsilagtirdigimizda bu ¢alismada kullanilan IBA dozunun olduk-
¢a diisiik olmasina ragmen elde edilen koklenme oranlar: oldukga yiiksektir. Bu
farkliligin alinan geliklerin donemine, sekline, koklendirme ortamlarinin 6zellik-
lerine bagli olarak degisim gostermis olabilecegi degerlendirilmektedir.

Cizelge 1. Koklenme oranina iligkin ortalama degerler ve farklar:

Table 1. Mean values for rooting rate and their differences

KOKLENME ORANI (%)
(rooting rate) CV: % 8.00
Celik alma dénemi (cutfing periods)

(Dénem x Hormon x Ortam) Tlkbahar Celigi Sonbahar Celigi (Ortam) (media)
ortalamalan (spring cuttings) {autumn cuttings)
(period x hormone x media) means * Hormon uygulamast (hormone application) Genel Ortalama
Kiklendirme Ortamlan Hormonlu Hormonstz Hormonlu Hormonsuz fgenem‘!‘msans}
(rooting media) (with harmone) (without (with (without

hormone) hormone) hormone)
%100 Torf 92 ab 84 b 92 ab 90 ab 895a
(peat)
%75 Torf (peat) + %25 Pomiza 96a 92 ab 82bc 68d 84.5ab
(pumice)
950 Torf (peat) + %50 Pomza 9%a 92ab 78c 68d 83.5b
(pumice)
%25 Torf (peat) + %75 Pomza 86a 82bc 84 bc 68d 80.0b
(pumice)
%100 Pomza 86 bc B0c a0 ab 64d 80.0b
(pumice)
Ortalama (Dénem x Hormon) 91.2a 86 b 85.2b TL6C

Means (period x hormone)}**

(Ddnem) (period) Tlkbahar Celigi Sonbahar Celigi
Genel Ortalama (General means) ** (spring cuttings) (autumn cuttings)

d8.6a 784b
(Hormon) {hormone) Hormonlu Hormonsuz
Genel Ortalama (General means) ** (with hormone) (without hormone)

88.2a 78.8b

% 100 %75 Torf %50 Torf %25 Torf %100 Pomza
Ortalama Torf (peat) + (peat) + (peat) + (prumice)
(Hormon x Ortam) : OD (peat) %25 Pomiza %50 Pomza %75 Pomza
Means { pumice) (pumice) (pramice}
(hormone + media) ns Hormonlu 92 89 84 85 88
(with hormone)
Hormonsuz 87 80 a0 75 72
(without hormone)

Ortalama Tlkhahar 88 ab 9da 94a 84 be 83 bed
(Danem x Ortam) (spring)
Means Sonbahar 9lab 75de Tie 76 cde 77 cde
(period x media) ** (awtumn)

*Ortalamalar arasindaki fark 0.05 seviyesinde 6nemlidir. ** ortalamalar arasindaki fark 0.01 seviyesinde 6nemlidir.
OD: 6nemli degil

*The difference between the means is significant at the 0.05 level. ** The difference between the means is significant at the
0.01 level. ns: nonsignificant
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Kara ve Baydar (2020), lavantada koklendirme amaciyla alinan celiklerin ka-
linliklarina gore ayr1 ayr1 siniflandirilarak; biitiin geliklerin, fide elde etmede kul-
lanilabilecegini belirtmiglerdir. Ancak kéklenme agisindan en uygun ¢elik kalinli-
gimnin 3.1-4.0 mm arasinda oldugunu bildirmislerdir. Denemede kullanilan Raya
¢esidin de koklenme orani %47.1, kok sayisi1 5.5 adet/celik ve kok uzunlugu 3.16
cm, Super ¢esidinde ise koklenme orani % 40.6, kok sayis1 3.7 adet/gelik ve kok
uzunlugu ise 1.85 cm olmugtur. Arastiricilar, ¢elik kalinliklarinin; koklenme orani,
kok sayis1 ve uzunluklari iizerine etkilerinin de 6nemli oldugunu belirlemislerdir.
En yiiksek koklenme orani ve kok sayisini 3.1-4.0 mm kalinhigindaki celiklerin
sirastyla, %59.0 ve 5.4 adet/¢elik ve en yiiksek kok uzunlugunu ise 2.91 cm ile 2.0-
3.0 mm kalinhigindaki celiklerin verdigini belirtmislerdir. Celik kalinlig1 2-3 mm
olan ¢eliklerde ise; en diisiik kokleme orani %33.0 ve en diisiik kok sayis1 3.4 adet/
celik olarak gerceklesmistir. Ayni arastiricilar Cesit x ¢elik kalinlig interaksiyonu
ile ilgili olarak, Raya ¢esidinden alinan 3.1-4.0 mm ¢elik kalinligindaki celiklerden;
en yliksek koklenme oraninin %66.2 ve kok sayisinin 7.1 adet/celik elde edildigini
bildirmiglerdir. En yitksek kok uzunlugu ise 3.93 cm ile yine Raya ¢esidinin 2.0-3.0
mm’lik kalinliga sahip celiklerinden elde edilmistir.

Bhat ve ark. (2008) L. officinalis bitkisine koklendirme amaciyla uyguladiklar: bit-
ki gelisme diizenleyicileriyle NAA ve IBAnin (1000, 2000 ve 3000 ppnrlik dozlariyda)
en yiiksek koklenme oranini 3000 ppnrlik IBA uygulamasindan elde etmislerdir.

Bu ¢aligmada elde edilen koklenme oranlar1 yukarida belirtilen ¢alismalardaki
sonuglardan daha yiiksek ¢ikmistir. Bunda en 6nemli etkenin kéklendirme ortam-
larindaki farkliliklar oldugu soylenebilir. Torf ortaminda yapilacak olan koklendir-
mede iyi sonuglar alindig: gibi torf ortamina %50 oraninda eklenen pomza ile ha-
zirlanan karisimin da tatmin edici seviyede koklendirilmis celik elde edilmesinde
rahatlikla kullanilabilecegi belirlenmistir.

3.2. Celik Basina K6k Sayisi (adet)

Elde edilen bulgulara gore gelik bagina kok sayisina iliskin ortalama degerlerin
varyans analizleri incelendiginde geliklerin alindig1 dénem, koklendirme ortami
ve hormon uygulamasi genel ortalamalari arasindaki farklarin %1 seviyesinde
onemli oldugu belirlenmigstir. Ayrica ikili ve tiglii interaksiyon degerleri arasindaki
farklar da %1 seviyesinde 6nemli bulunmustur.

Celiklerin alindig1 dénem, koklendirme ortami ve hormon uygulamas: {iglii
interaksiyonuna iliskin ortalama degerler incelendiginde en yiiksek ¢elik bagina
koék olusumu (9.40 adet) ile ilkbaharda alinan ve hormon uygulanarak %50 torf +
%50 pomza ortamlarina dikilen geliklerden elde edildigi goriilmektedir. En diisiik
ise 2.40 adet ve 2.60 adet ile sonbaharda alinan, hormon uygulanmadan ve sirastyla
%100 torf ve %100 pomza ortamina dikilen geliklerden elde edilmistir. Hormon x
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ortam, dénem x ortam ve donem x hormon uygulamasi ikili interaksiyon degeri
de Cizelge 2 de verilmistir.

Cizelge 2 de, ¢eliklerin alindig1 donem bakimindan genel ortalama degerler
incelendiginde ilkbahar ¢eliklerinin ortalama kék sayisinin 4.62 adet, sonbaharda
alman ¢eliklerin ortalama kok sayisinin ise 3.52 adet oldugu goriilmektedir.
Koklendirme ortamlarina ait genel ortalama degerler incelendiginde ise en iyi
sonucu %100 torf ortamindan (4.72 adet) elde edilmistir. Istatistiki agidan %50
pomza ilavesi yapilan torf ortamindan da (4.65 adet) iyi sonucun elde edildigi ve
sadece torf ortamindan elde edilen deger ile aralarinda istatistiki olarak bir fark
olmadig1 ve ayni grupta yer aldiklar1 goriilmektedir. En diisiik kok sayis1 ise %100
pomza ortamina dikilen ¢eliklerden elde edilmistir. Torf ortamina 1:1 oraninda
karistirilacak pomza ile uygun maliyetli bir ortamla da yeterli diizeyde kéklenme
elde edilebilecegi belirlenmistir (Cizelge 2).

Hormon uygulamas: agisindan genel ortalama degerler arasinda en iyi sonug
hormon (IBA) uygulanan celiklerden (5.21 adet) elde edilmistir. Hormon uygula-
mast yapilmayan ¢eliklerde ortalama kok sayis1 2.92 adet tespit edilmistir. Bu sonug
beklenen bir durumdur. Ciinkii kdklenme amaciyla hormon (IBA veya NAA) uy-
gulamasinin koklenmeyi tesvik ettigini gosteren ¢ok sayida galisma s6z konusudur.
Bu ¢alismada da hormon uygulanmus geliklerin, uygulanmamiglara gore 1.78 kat
daha fazla koklendikleri belirlenmistir (Cizelge 2).

Ozcan ve ark. (2013) yaptiklar1 arastirmada inceledikleri iki farkli ortami kargi-
lagtirmiglardir. 4000 ppm IBA uygulamas: yapilarak, tarla topragina dikilen ¢elik-
lerde en fazla kok sayist (3.63 adet) elde etmislerdir. 500 ppnrlik IBA uygulanmis
celiklerden ise en diisiik kok sayis1 (0.28 adet) elde edilmistir. En fazla kok sayis
(3.33 adet) perlit:torf ortamina dikilen ve 4000 ppm’lik IBA dozunun uygulandig:
celiklerden, en az kok sayist ise 500 ppm IBA uygulamasindan (1.25 adet) elde
edilmistir. Ayanoglu ve ark. (2000) yaptiklar1 arastirmalarinda; IBAnin 1000, 2000
ve 4000 ppm’lik dozlariyla muamele yaptiklar: karabas lavanta (Lavandula stoe-
chas)n ¢eliklerinde IBA dozlarindaki artisa bagli olarak koklenme yiizdesi, kok
uzunlugu ve kok sayisinin arttigini belirlemislerdir. Bu ¢aliymada 6zellikle ilkba-
harda alinarak IBA uygulamasi (1000 mg/l) yapilan %50 torf + %50 pomza orta-
minda elde edilen sonuglar yukarida belirtilen arastiricilarin galismalarinda tespit
ettikleri degerlerin oldukga tizerindedir.
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Cizelge 2. Celik bagina kok sayisina (adet) iliskin ortalama degerler ve farklar

Table 2. Mean values for root number per cutting (number/cutting) and their
differences

GELIK BASINA KOK SAYISI (adet)
Root number per cutfing (number/cutting) CV: % 14.64
Celik alma dénemi (cutting periods)

(Dénem x Hormon x Ortam) flkbahar Celigi Sonbahar Celigi (Ortam) (media)
ortalamalan (spring cuttings) (autumn cutfings)
(period x hormone x media) means ** Hormon uygulamas: (hormone application) . GeneI'Ortalama
Kiklendirme Ortamlan Hormonlu Hormonsuz Hormonlu Hormonsuz h means) 4
(Roofing media) (with hormone) (without (with (without
hormaone) hormone) hormone)
%100 Torf 762 240 g 496 C 3.90 cdef 472a
(peat)
%75 Torf (peat) + %25 Pomza 7.58b 276 fg 3.30efg 282 fg 4.12b
(pumice)
9650 Torf (peat) + %50 Pomza 9.40a 302 fg 338 efg 278 fg 4.65a
(pumice)
%25 Torf (peat) + %75 Pomza 4.62 cd 3.04fg 4.38 cde 3.00fg 376b
(pumice)
%100 Pomza 3126 260 g 378 def 2.90 fy EXTT:
(pumice)
Ortalama (Dinem x Hormon) 6.47a 276¢C 396 b 308
Means (period x hormone) **
(Dénem) (period) Tkbahar Celigi Sonbahar Celigi
Genel Ortalama (General means) ** (spring cuttings) (autumn cuttings)
462a 352b
(Hormon) (hormone) Hormonlu Hormonsuz
Genel Ortalama (General means) ** (with hormone) (without hormane)
52la 292b
% 100 %75 Torf %50 Torf %25 Torf 9100 Pomza
Ortalama Torf (peat) + (peat) + (peat) + (pumice)
(Hormon x Ortam) (peat) %25 Pomza 950 Pomza %75 Pomza
Means (pumice) (pumice) {pumice)
(hormone x media) ** Hormonlu 6.209a 544b 6.3%a 450¢c 345d
(with hormone)
Hormonsuz 315d 279d 290d j0zd 275d
(without hormane)

Ortalama ilkbahar 5.01 be 517b 6.2la 3.83d 2861
(Ddnem x Ortam) (spring)
Means Sonbahar 443 cd 306 ef 3.08 ef iede 33ef
(period x media) ** (autumn)

** ortalamalar arasindaki fark P<0.01 seviyesinde 6nemlidir
** The difference between the means is significant at the P<0.01 level

3.3. En Uzun K&k Boyu (cm)

Elde edilen bulgulara gore en uzun kok boyuna iliskin ortalama degerle-
rin varyans analizleri incelendiginde ¢eliklerin alindig1 doneme, koklendirme
ortamina ve hormon uygulamasina ait genel ortalama degerlerin arasindaki
farklarin %1 seviyesinde 6nemli oldugu tespit edilmistir. Ayrica ikili ve tiglii in-
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teraksiyon degerleri arasindaki farklarin da %1 seviyesinde énemli oldugu da
gortilmektedir (Cizelge 3).

Cizelge 3. En uzun kék boyuna (cm) iliskin ortalama degerler ve farklari

Table 3. Average values and differences of longest root length (cm)

EN UZUN KOK BOYU (cm)
Longest root length (cm) CV: % 20.11
Celik alma dénemi (cutting periods)

(Ddnem + Hormon + Ortam) lkbahar Geligi Sonbahar Celigi (Ortam) (media)
ortalamalar (spring cuttings) (autumn cuttings)
(period x hormone x media) means ** Hormon uygul 1 (hormone app ion) Genel Ortalama
Kiklendirme Ortamlan Hormonlu Hormonsuz Hormonlu Hormonsuz (general means) **
(Rootting media) (with hormone) (without (with (without

hormone) hormone) hormaone)
%100 Torf 328 bede 222e 440b 242 de 3.08b
(peat)
%75 Torf (peat) + %25 Pomza 926a 2,50 de 374 bed 237 de 447a
(pumice)
950 Torf (peat) + %50 Pomza 9.55a 2.75 cde 2.54 de 217e 4252
(pumice)
9625 Torf (peat) + %75 Pomza 4.02 be 3.03 bede 3.12 bede 2.86 cde 3.26b
(pumice)
%100 Pomza 3.17 bede 3.11 bede 3.37 bede 2.89 cde 3.14b
(pumice)
Ortalama (Diénem x Hormon) 5864 272c 343b 254¢

Means (period x hormone) **

(Dénem) (period) Tlkbahar Celigi Sonbahar Celigi
Genel Ortalama ( General means) ** (spring cuttings) (autumn cuttings)
429a 299hb
(Hormon) (hormone) Hormonlu Hormonsuz
Genel Ortalama (General means) ** {with hormone) (without hormone)
464 a 263b
% 100 Torf %75 Torf %50 Torf %25 Torf %100 Pomza
(peat) (peat) + (peat) + (peat) + (pumice)
Ortalama %25 Pomza %50 Pomza %75 Pomza
(Hormon x Ortam} (pumice) (purmice) (pumice)
Means Hormonlu 3.84b 6.50a 605a 357b 3.27 be
(hormone + media) ** (with
hormone)
Hormonsuz 232c 24c 246¢ 295bc 3.00 be
(without
hormone)
Ortalama ilkbahar 2.75bc 588a 6.15a 353b 3.14 be
(Dnem x Ortam) (spring)
Means Sonbahar 341b 3.06 be 236¢C 299be 313 be
(period x media) ** (@utumn)

** ortalamalar arasindaki fark P<0.01 seviyesinde 6nemlidir
** The difference between the means is significant at the P<0.01 level

Celiklerin alindigi donem, koklendirme ortami ve hormon uygulamas:
faktorlerinin tiglii interaksiyonuna iliskin ortalama degerler incelendiginde en
uzun kok boyunun 9.55 cm ile ilkbaharda alinan ve hormon uygulanarak %50 torf
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+ %50 pomza ortamlarina dikilen ¢eliklerden elde edildigi tespit edilmistir. En
kisa kok boyu ise 2.17 cm ile sonbaharda alinan ve hormon uygulanmadan %50
torf + %50 pomza ortamina dikilen ¢eliklerden elde edilmistir. Hormon x ortam;
donem x ortam ve dénem x hormon faktorlerine iligkin ikili interaksiyon deger-
leri Cizelge 3 de verilmistir.

Celiklerin alindig1 donem bakimindan genel ortalama degerler incelendiginde
ilkbahar celiklerinin ortalama en uzun kék boyu 4.29 cm, sonbaharda alinanlarda
ise bu degerin ortalama 2.99 cm oldugu gorilmektedir (Cizelge 3).

Koéklendirme ortamlarina ait genel ortalama degerler incelendiginde en uzun
kok boyu %75 torf + %25 pomza ortamindan (4.47 cm) elde edilmistir. Bu ortami
%50 pomza ilavesi yapilan torf ortamina dikilen geliklerden (4.25 cm) elde edilen
deger izlemis, ancak istatistiki agidan ortalama degerler arasindaki fark 6nemli bu-
lunmamustir. En kisa kok boyu degeri (3.14 cm) ise %100 pomza ortamina dikilen
celiklerden elde edilmistir (Cizelge 3).

Hormon uygulamas: agisindan genel ortalama degerler incelendiginde; en
uzun kék boyu, hormon (IBA) uygulanan ¢eliklerde 4.64 cm olarak tespit edil-
mistir. Hormon uygulamasi yapilmayan ¢eliklerde ise en uzun kék boyunun 2.63
cm oldugu belirlenmistir. Hormon uygulanmis geliklerin, uygulanmamaislara gore
1.76 kat daha uzun kok olusturduklari tespit edilmistir (Cizelge 3).

Ozcan ve ark. (2013) iki farkli ortami karsilastirdiklar1 calismalarinda; kok
uzunlugu bakimindan, en uzun kék boyunun torf ve perlit karigiminda 5.78 cm
oldugunu, tarla topraginda ise 4.03 cm oldugunu belirlemislerdir. Lavanta ¢elik-
lerinde farkli IBA dozlarinda en uzun kok boyu 4000 ppm’lik IBA uygulanan ce-
liklerden (9.40 cm), en kisa kok boyu ise 500 ppnrlik IBA uygulanan geliklerden
(1.12 cm) elde edilmigtir. Bu ¢aligmada 6zellikle ilkbaharda alinarak IBA uygu-
lamas1 (1000 mg/1) yapilan %75 torf + %25 pomza ve %50 torf + %50 pomza or-
tamlarindan elde edilen sonuglar aragtirmacilarin ¢aligmalarinda tespit ettikleri
degerlerden daha yiiksektir.

Altun ve ark. (2021) yaz baslangici déneminde heniiz otsu yapida olduklari
doénemde alinan yesil celikler ile yaz aylar: i¢inde kismen odunlagmaya baslamis
stirgiinlerden alinan yar1 odunsu geliklerin ve sonbahar-kis aylarina dogru alinan
odun geliklerinin koklendirme amaciyla kullanilabilecegini belirtmislerdir. La-
vanta bitkisinde ¢ogaltma amaciyla alinacak ¢eliklerin kis dinlenme dénemindeki
bitkilerden heniiz uyanmamis olanlardan alinmasini tavsiye etmislerdir (Aslancan
ve Saribas, 2011). Bu yiizden c¢eliklerin alindiklar1 zaman bakimindan ¢ogaltila-
bilmesi igin bir hayli sinirli zamana ihtiyag vardir. Eger bu dénemde ¢ok sayida
gelikten fide tiretmek istenirse, yeterli koklendirme alanlarnin hazirlanmasina
ve ¢eliklerin bu kisa zaman icerisinde alinarak koklendirme ortamina dikilmesi-
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ne gerek vardir. Bu ¢alismada ilkbahar donemine ek olarak sonbahar déneminde
ozellikle de bitkilerin tam dinlenme durumuna girdikleri dénemde alinacak gelik-
lerden soguk sera ortaminda tatmin edici seviyede koklenmis lavanta celiklerinin
elde edilebilecegi belirlenmistir.

4. SONUC VE ONERILER

Calismada, en yiiksek koklenme orani %96 ile ilkbaharda alinan ve hormon
uygulanan; %75 torf + %25 pomza ve %50 torf + %50 pomza ortamlarina dikilen
ortamlardan elde edildigi, farkli gelisme donemlerinde lavanta bitkisinden alinacak
olan yar1 odunsu gévde celikleriyle cogaltmanin yapilabilecegi belirlenmistir. {lk-
baharda alinacak celiklerle koklenme oraninin daha yiiksek oldugu tespit edilmis
olmakla birlikte, sonbaharda alinacak ¢eliklerden de tatminkér sekilde koklenme
saglanabilecegi belirlenmistir. Koklenme oranini arttirmak i¢in IBA kullanilma-
siun yararl olacag: tespit edilmistir. Gerek duyuldugunda sonbahar déneminde
alman celiklerle ortalama %71.6 oraninda kéklenme saglanabilmesi bu donemde
de ¢ogaltmanin yapilabilecegini, ilgili isletmelerde hem is imkéani olusturulabilece-
¢ini hem de lavanta tiretiminin yapilabilecegini gostermistir. Sonbahar doneminde
alinan ve koklendirilen celikler ile erken ilkbaharda kurulacak olan lavanta tarlala-
rinda, bitkilerin ilk gelisme yilinda daha fazla gelismesine firsat saglanmis olacak-
tir. Denemede kéklendirme ortami olarak kullanilan torf ortamina, %25-50 ora-
ninda ilave edilecek pomza ile de uygun ortamin saglanabilecegi tespit edilmistir.

Lavantada celikten fide yetistiriciliginde, ilkbaharda ¢elikleri, hormon uygula-
masi ve %50 torf + %50 pomza karisim ortamlarinin kullanilmas: 6nerilebilir. Ay-
rica, koklendirme ortaminda pomza kullanilarak maliyet diigiirtilebilir. Bu mad-
denin ekonomik analizlerinin yapilarak tilke ekonomisine saglayacag: katkilarinin
da belirlenmesi gerekmektedir. Siis bitkileri sektorii basta olmak tizere, seracilik
ve bir¢ok bitkisel iiretim alaninda kullanilabilecek 6zel karisim koklendirme veya
bitki iiretim ortamlarinin tiretilmesi miimkiin olabilecektir.

Tesekkiir

Denemede koklendirme ortamlarinda kullanilan kirmizi pomza, Oktas A.S.
tarafindan; Manisa ili Kula ilgesinde bulunan Giiven Madencilik sahasindan
kargilanmistir. Bu ¢alismanin bir kismu ‘II. Uluslararas: Tarla Bitkileri Kongresi
(TABKON 2022), 29 Eylil-2 Ekim 2022 Rizede sozlii olarak sunulmus ve 6zet
olarak basilmistir.

Cikar Catisma

Makale yazarlar: aralarinda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.
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Nevzat AYDIN et al.

EFFECTS OF THE 7RS.1BL WHEAT-RYE TRANSLOCATIONON
KERNEL AND BRAN CONTENT OF BREAD WHERT
(Triticum aestivum L.)

ABSTRACT

In this study, the effects of rye translocation on some quality properties and mi-
neral content of whole wheat kernel and bran were investigated.The plant material
consisted of 147 recombinant inbred lines (RILs) and five control cultivars, inclu-
ding the parent. The genotypes were grown in Turkey at two different locations for
two consecutive years. In the study, lines with and without rye translocation were
determined by SDS-PAGE and PCR analysis, and the glutenin subunits of the lines
at Glu-A1, Glu-B1, Glu-A3 and Glu-B3 loci were also analyzed. The protein, starch,
fat, ash, dry matter, acid detergent insoluble fiber (ADF), neutral detergent inso-
luble fiber (NDF), potassium (K), phosphorus (P) and magnesium (Mg) contents
of kernels and bran of the RILs were determined. Statistically significant differen-
ces were found between the genotypes in terms of all the examined characteristics
except the amount of dry matter. The RILs carrying translocation 1RS.1BLhad a
higher average ADE, NDF, protein content, ash content, K, Mg, and P contents of
kernels, as well as a higher average ADE, NDF, ash, and K bran contents than the
RILs without thetranslocation. The bran of the RILs without thetranslocationhad
higher values in terms of fat, starch, and phosphorus content. The results indicate
that wheat- rye translocation1RS.1BL has a significant effect on both whole wheat
kernel and bran content, and can be used to enrich the content of wheat bran.

Keywords: Rye Translocation, Grain, Location, Quality.

e

1RS.1BL CAVDAR TRANSLOKASYONUNUN EKMEKLIK
BUGDAYDA (Triticum aestivum L.) TARNE VE
KEPEK iCERIGINE ETKILERI

0z

Bu ¢alismada IRS.1BL ¢avdar translokasyonunun tam bugday tanesi ve kepegin
bazi kalite 6zelliklerine ve mineral icerigine etkisi arastirilmustir. Bitki materyali
147 rekombinant kendilenmis hat (RIL>ler) ve ebeveyn dahil bes kontrol ¢esidinden
olusmustur. Genotipler Tiirkiyede iki yil iist Gste iki farkli yerde olmak tizere top-
lam dort gevrede yetistirilmistir. Calismada 6nce I1RS.1BL ¢avdar translokasyonu
olan ve olmayan hatlar SDS-PAGE ve PZR analizi ile belirlenerek hatlarin Glu-A1,
Glu-B1, Glu-A3 ve Glu-B3 lokuslarindaki glutenin alt birimleri analiz edilmistir.
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Daha sonra RILlerin tane ve kepeklerinin protein, nisasta, yag, kiil, kuru mad-
de, asit deterjanda ¢oztinmeyen lif (ADF), n6tr deterjanda ¢6ztinmeyen lif (NDEF),
potasyum (K), fosfor (P) ve magnezyum (Mg) igerikleri belirlenmistir. Kuru mad-
de miktar1 disinda incelenen tiim 6zellikler agisindan genotipler arasinda ista-
tistiksel olarak onemli farkliliklar bulunmugtur. IRS.1BL ¢avdar translokasyonu
tastyan hatlarin tanelerinde ortalama ADF, NDE, protein icerigi, kiil orani, K, Mg
ve P icerikleri ¢avdar translokasyonu tagimayan hatlardan daha ytiksektir. Cavdar
translokasyonu tastyan hatlarin kepekleri ise ortalama ADF, NDF, kiil ve potasyum
icerigi bakimimdan daha yiiksek degerlere sahip iken, ¢avdar translokasyonu ta-
simayan hatlarin kepekleri yag, nisasta ve fosfor icerigi bakimindan daha yiiksek
degerlere sahip olmustur. Sonuglar, 1RS.1BL ¢avdar translokasyonunun hem tam
bugday tanesi hem de kepek igerigi tizerinde 6nemli bir etkiye sahip oldugunu ve
bugday kepegi icerigini zenginlestirmek i¢in kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Cavdar Translokasyonu, Bugday Tanesi, Lokasyon, Kalite.

ik

1. INTRODUCTION

Wheat is the most widely cultivated and produced cereal in Turkey and many
other countries. It is a crucial raw material for various products, particularly for
making bread, which is a staple food for many people, especially in developing
countries. In Turkey, bread alone accounts for 56% of daily calorie and 50% of daily
protein consumption needs, and the average daily bread consumption per person
is approximately 400 grams (TUIK, 2014; TPMA, 2021). Wheat is primarily used
in the flour industry. Before using wholemeal flour, industrialists must consider its
properties and how they will affect the final product’s quality. Since bread quality
is closely related to the flour’s chemical composition, it is necessary to know the
amount of moisture, ash, protein, starch, fat, crude fiber, and free acidity values in
the flour (Lasztity, 1996).

Bran, a by-product consisting of wheat husks and other wheat particles sepa-
rated from the flour during the sifting of flour after the milling stage of wheat, is
used in the feeding ruminant animals. Ruminant animals can digest this product
at around 70-75%. Wheat bran contains higher amounts of crude protein, fat, cel-
lulose, and ash than the kernel of wheat (Prueckler et al., 2014). Ruminants can
utilize the protein, energy, and highly digestible cell wall fractions of wheat bran
extremely well. Therefore, it is used instead of some of the other grains or protein
sources in the rations (Zhao et al., 2011). In addition to food groups such as car-
bohydrates, fats, and proteins, animal organisms also require mineral substances
(Bailey, 2001). Wheat bran is a valuable feed ingredient as it contains a higher con-
centration of mineral substances than the kernel.
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Structural carbohydrates found in roughage are divided into two groups: neut-
ral detergent insoluble fiber (NDF), which includes cellulose, hemicellulose, and
lignin, and acid detergent insoluble fiber (ADF), which includes cellulose and he-
micellulose. The amount of NDF and ADF that ruminants consume with their ra-
tion, according to their physiological status, affects the degree of feed digestibility
and the resulting benefits (Mertens, 1987; Van Soest et al., 1991; Moon et al., 2002;
Zhao et al., 2011; Tekce and Giil, 2014).

The major protein in wheat is gluten, composed of gliadins and glutenins.
Gluten accounts for 78-85% of the proteins in wheat (Vetter, 1984; Marconi et
al., 2000). Gluten proteins in wheat are categorized into High Molecular Weight
(HMW) and Low Molecular Weight (LMW) types (Hsia and Anderson, 2001).
HMW glutenin subunits, which are controlled by three gene loci, have been iden-
tified as Glu-1A, Glu-1B, and Glu-1D, and are located on the long arms of group
1 chromosomes (1AL, 1BL, and 1DL) (Payne et al., 1987). The LMW subunits
are encoded by the Glu-A3, Glu-B3, and Glu-D3 loci, located on the short arms
of chromosomes 1A, 1B, and 1D, respectively (Jackson et al., 1983). TheGlu-A3
locus has six different alleles (a, b, ¢, d, e, f), the Glu-B3 locus has nine (a, b, ¢, d,
e f, & h, i), and the Glu-D3 locus has five (a, b, ¢, d, e) different alleles. It is known
that alleles in the Glu-B3 locus, which is one of the LMW glutenin subunits, have
an effect on improving dough quality and Glu-A1 HMW subunits affect the rhe-
ological properties of dough (Vetter, 1984; Payne et al., 1987; Marconi et al., 2000;
Hsia and Anderson, 2001).

Rye introgressions are used in wheat breeding to improve agronomic perfor-
mance, disease resistance, and adaptation to environment (Graybosch, 2001; Eh-
daie et al., 2003; Kim and Johnson, 2004; Hoffman, 2008; Sharma et al., 2009; Giileg
et al., 2021). Of several wheat-rye translocations used in wheat breeding, translo-
cationIRS.1BLhas been shown in numerous studies to increase the agronomic per-
formance but has a negative effect on wheat quality (Graybosch, 2001; Moiraghi
et al., 2013). The low quality of wheat genotypes carrying rye translocations is due
to the absence of LMW glutenin subunits at the Glu-B3 locus and the presence of
secalin proteins transferred from rye (Zeller and Hsam, 1984). However, the this
translocation may not only affect the bread-making quality but also animal nutri-
tion, so it is important to determine the chemical contents of both the kernel and
bran. In recent years, interest in whole wheat flour and wholemeal bread has incre-
ased worldwide, and the importance of bran in animal nutrition has been further
understood. This study investigates the effects of HMW-LMW glutenin subunits
and the IRS.1BL translocationon some quality parameters and the mineral con-
tents of wheat kernel and bran in trials conducted in four different environments.
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2. MATERIALS AND METHODS

2.1 Plant Material

In this research, we used 147 recombinant inbred lines (RILs) obtained by hyb-
ridizing cultivars Tosunbey x Tahirova2000, along with five control wheat culti-
vars. All accessions had white grains. The parents are known to have significant
differences in quality characteristics. Tahirova2000 variety has higher potential in
terms of grain yield. However, the Tahirova2000 variety exhibited good cold tole-
rance. Cv. Tosunbey carries HMW glutenin subunits 1, 17+18, 5+10 and Glu-A3b,
Glu-B3b, Glu-D3b LMW glutenin subunits. Cv. Tahirova2000 carries HMW glu-
tening subunits 2%, 7+9, 5+10 HMW and Glu-A3e (null), Glu-B3j (null), Glu-D3b
LMW glutenin subunits. Control cultivars were Tosunbey, Tahirova2000, Ada-
na99, Nevzatbey and Altay2000. Tahirova2000 has the Glu-B3j subunit, indicating
a IRS.1BL translocation.

2.2. Trial Locations

Trials were conducted in Samsun/Bafra (41°34'N-35°54'E) and Eskisehir
(39°39'31"N-31°2'13"E) locations in Turkey during 2012-2013 and 2013-2014
growing seasons. Samsun/Bafra is known for its high yield potential and ample
precipitation, while Eskisehir represents the Middle Passage Zone of Turkey with
relatively low precipitation rates. The experiments were sown using a plot planting
seeder (Wintersteiger) and harvested with a plot combine harvester (Hege 80). The
plot size was 6.47 m x 1.2 m at sowing, 5 m x 1.2 m during the growing season, and
4 m x 1.2 m at harvest. An edge effect of 50 cm was taken from both sides of the
parcels. The sowing frequency was adjusted to 400-450 seeds per square meter. 15
kg/decare of N were used in Samsun, and 10 kg/decare of N in Eskisehir. P fertiliza-
tion was done at 6 kg/decare. In Eskisehir, irrigation was done once (35-40 mm) in
the summer of 2013 and 2014 and the total precipitation was 332.8 mm and 316.7
mm in the two years, respectively. In Bafra/Samsun the total precipitation during
the wheat growing seasons was 416.2 mm and 283.3 mm in 2012-13 and 2013-
14, respectively, The average temperatures during the wheat growing seasons were
14.4°C and 13.3°C in Bafra/Samsun location in 2012-13 and 2013-14, respectively,
and 10.7°C and 10.5°C in Eskisehir. The trials were generally successful with no
significant damage observed.

2.3. Quality Analysis
Wheat samples were ground using a standard laboratory mill (Brabender Qu-

adrumat Jr.; AACC Method 26-50). The debranning process was carried out with a
Loyka ESM-200 sieve shaker using a 415 pm sieve at 150 rpm for 1 minute.
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Protein contents of whole wheat flours were determined using the flour module
of the Perten Inframatic 9500 device (Perten Instruments, Sweden) and expres-
sed as a percentage at 14% moisture content (Koyuncu, 2009). Damaged starch
contents of wheat flours were measured using an amperometric damaged starch
measuring device (Chopin - SLMWtic) following the the International Cereal
Science and Technology Association (ICC, 2011) protocol ICC Method 172. Da-
maged starch values were read at 14% moisture content. The ash content of wheat
flours was determined by using the flour module of the Perten Inframatic 9500
device (Perten Instruments, Sweden) and expressed as the amount in dry matter
(Koyuncu, 2009).

The ADE, NDE potassium, phosphorus, and magnesium contents of bran
samples were determined using IC-1035FE and IC-0912FE calibrations in the Foss
XDS NIR device.

2.4. Molecular Analysis

The SDS-PAGE was used to determine the HMW and LMW glutenin subu-
nits of the RILs (Masci et al., 2000; Gianibelli et al., 2001). Wheat genotypes with
theIRS.1BL translocation lack wheat LMW glutenin subunits as the short arm of
chromosome 1B is missing. Instead, rye-specific secalin bands appear on the gel.
The absence of Glu-B3 and the presence of secalins were taken as identificators of
the 1RS.1BL translocation (Zeller and Hsam, 1984).

DNA isolation from seed was performed using the ZR Plant/Seed DNA mi-
niPrep™ Kit. The presence of theGlu-B3b allele was detected using primers as as
specified by Wang et al. (2009). The total volume of the PCR reaction solution
was 20 pL. To this solution, 1X PCR buffer (50 mM KCl, 10 mM Tris-HCI, pH 9.0,
0.1% Triton X-100), 0.1 mM dNTPs, 1.5 mM MgClZ, 1.0 U Taq polymerase, 10
pmol DNA primer, and 50 ng DNA sample were added. The reaction underwent
initial denaturation at 94 °C for 5 minutes, followed by denaturation at 94 °C for 45
seconds, annealing at 56-61 °C for 45 seconds, elongation at 72 °C for 90 seconds,
and final extension at 72 °C for 8 minutes. PCR products were run on a 2% (w/v)
agarose gel at 130-150 volts for 1.5 hours to verify primer amplification. The gel
was then imaged using the BioRad gel imaging system.

2.5. Evaluation of Data and Statistical Analysis

The variance analysis of the collected data was conducted using the JMP 10
statistical program, following the partial lattice trial design (JMP, 2010).
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3. RESULTS AND DISCUSSION

3.1. SDS-PAGE Results

The population of RILs screened here showed 16 different combinations of
HMW and LMW glutenin subunits, ranging from two to 16 lines with a given
combination. Cv. Tahirova2000 carried HMW glutenin subunits 2%, 7+9 and 5+10,
and GluA3e, GluB3j, GluD3balleles of LMW glutenins while cv. Tosunbey caries
HMW glutenin subunits 1, 17+18, 5+10, and GIuA3b, GluB3b, GluD3b alleles of
LMW glutenins (Fig.1). Among 147 RILs analyzed, 60 included rye translocations,
while 87 did not.

3.2. PCR Results

In PCR using the Glu-B3b primers, a band of 1570 bp in size was observed. It
was determined that 60 of the lines included rye translocation, and 87 of them did
not contain rye translocation (Fig. 2).
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Figure 1. SDS-PAGE photograph showing bands for HMW and LMW
glutenin subunits in some lines
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Figure 2. Gel photograph of lines scanned with Glu-B3b primer
( -: not containing 1BL.1RS, +: containing 1BL.1RS)

3.3. Quality Analysis Results of Kernel and Bran

Statistically significant differences were found at a 1% level between years and
locations in terms of all characteristics examined in the kernel and bran samples of
the genotypes, except for the dry matter ratio (Table 1). The kernel protein content
of RILs ranged from 11.2% to 15.0%, the starch content from 63.8% to 68.7%, the
fat content from 0.91% to 1.54%, and the dry matter content from 89.5% to 89.9%.
In the bran, the protein content ranged from 15.0% to 17.8%, the starch content
from 17.9% to 28.8%, the fat content from 3.63% to 5.32%, and the dry matter
content from 88.3% to 89.3% (Table 1).

The ADF content ranged from 2.46% to 3.74%, NDF content from 14.8% to
17.0%, K content from 0.357 to 0.497, Mg content from 0.123% to 0.159%, and
P content from 0.371 to 0.409. In the bran, ADF content ranged from 8.79% to
13.1%, NDF content from 26.8% to 31.6%, K content from 0.897 to 1.076, Mg con-
tent from 0.249 to 0.299, and P content from 0.552 to 0.637 (Table 1).

The ADE, NDE, K, Mg, and P contents in the kernel and bran were higher in
the first year, starch and fat contents were higher in the second year (Table 2). Dry
matter content was found to be higher in the first year in the kernel and in the
second year in the bran. Protein, starch, dry matter, NDE, K, Mg, and P contents
in the kernel were found to be higher in the Samsun location. Starch, ash, fat, and
ADF contents were higher in Eskisehir. Protein, dry matter, ADF, NDF, K, Mg, and
P contents in the bran were higher in the Samsun.
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Table 1. The mean values and ranges of the quality traits of the genotypes in the
combined data of the years and locations

Traits Mean (%) Range (%) CV % SD
PC Kernel 12.7 11.2-15.0 9.62 1.22
Bran 16.3 15.0-17.8 6.99 1.14
sc Kernel 67.0 63.8-68.7 2.22 1.49
Bran 23.5 17.9-28.8 11.9 2.79
FC Kernel 1.25 0.91-1.54 16.0 0.20
Bran 4.61 3.63-5.32 5.03 0.23
AC Kernel 1.34 1.16-1.52 104 0.14
Bran 5.25 4.58-5.62 4.95 0.26
Kernel 89.7 89.5-89.9 0.38 0.34
DM
Bran 88.8 88.3-89.3 0.96 0.85
Kernel 3.05 2.46-3.74 18.0 0.55
ADF
Bran 11.3 8.79-13.1 8.76 0.99
Kernel 15.7 14.8-17.0 4.39 0.69
NDF
Bran 29.2 26.8-31.6 3.39 0.99
K Kernel 0.420 0.357-0.497 10.5 0.044
Bran 0.983 0.897-1.076 6.92 0.068
M Kernel 0.137 0.123-0.159 8.03 0.011
§ Bran 0.281 0.249-0.299 4.98 0.014
b Kernel 0.387 0.371-0.409 3.88 0.015
Bran 0.601 0.552-0.637 3.99 0.024

PC: Protein content, SC: Starch content, FC: Fat content, AC: Ash content, DM: Dry matter, ADF: Acid detergent fiber,
NDF: Neutral detergent fiber, K: Potassium, Mg: Magnesium,P: Phosphorus CV: Coefficient of variation

Table 3 shows the ratios of protein, starch, fat, ash, and dry matter in grain and
bran for the Glu-Al, Glu-B1, Glu-A3, and Glu-B3 loci. At the Glu-AlI locus, the
starch and dry matter ratios were higher in the kernel, while the bran had higher
protein, fat, and ash ratios. The fat ratio was higher in the bran of the genotypes
carrying the 7+9 subunit (Glu-B1 locus). The difference between the protein, star-
ch, fat, ash, and dry matter ratios in the kernel and bran of genotypes was signifi-
cant for the Glu-B3 locus (Table 3). Specifically, for the Glu-B3 locus, the ratio of
starch and dry matter (DM) was higher in the kernel, while the protein, fat, and ash
ratios were higher in the bran. Additionally, genotypes carrying the j subunit (i.e.,
the rye translocation) had higher protein and ash ratios than those carrying the
b subunit (i.e., without the rye translocation), while the starch and fat ratios were
lower in genotypes with rye translocation.
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Table 2. Mean values of investigated traits for locations and years (%)

Years Locations
Traits
2012-2013 2013-2014 Samsun Eskisehir
Kernel 13.7 11.6 13.2 12.1
PC
Bran 16.6 15.9 17.1 154
sc Kernel 66.2 67.8 67.2 66.8
Bran 22.1 24.9 22.7 24.3
Kernel 1.20 1.29 1.20 1.29
FC
Bran 4.45 4.77 4.48 4.73
Kernel 1.41 1.27 1.32 1.36
AC
Bran 5.30 5.20 5.23 5.27
Kernel 89.5 89.8 89.8 89.6
DM
Bran 89.4 88.2 89.6 88.0
Kernel 3.25 2.84 2.86 3.23
ADF
Bran 12.1 10.5 11.6 10.9
Kernel 16.2 15.2 16.0 154
NDF
Bran 29.8 28.6 29.3 29.1
Kernel 0.434 0.405 0.441 0.398
K
Bran 1.015 0.959 1.008 0.959
Kernel 0.141 0.132 0.141 0.132
M
8 Bran 0.292 0.269 0.291 0.270
Kernel 0.393 0.382 0.392 0.383
P
Bran 0.616 0.587 0.615 0.587

PC: Protein content, SC: Starch content, FC: Fat content, AC: Ash content, DM: Dry matter, ADF: Acid detergent fiber,
NDEF: Neutral detergent fiber, K: Potassium, Mg: Magnesium, P: Phosphorus

Table 3 shows the ratios of ADE, NDFE, and mineral matter (K, Mg, P) in the
kernel and bran for the Glu-A1, Glu-BI1, Glu-A3, and Glu-B3 loci in the genotypes
analyzed in the study. The bran within the four loci had higher ADE, NDEF, and
mineral substance ratios. ADF, NDF, K, and Mg ratios were higher in both ker-
nels and brans with rye translocation at the Glu-B3 locus compared to kernels
and brans without rye translocation. The P ratio was higher in bran without
rye translocation.
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Table 3. Mean values of HMW and LMW loci in kernel and bran for the inves-
tigated properties

. Protein Starch Fat Ash DM
. Line
Locus Subunit Numb.
UMDEL  Kernel Bran Kernel Bran Kernel Bran Kernel Bran Kernel Bran
Glu-A1 1 68 12.7 16.2 66.9 238 1.27 4.61 1.35 5.25 89.7 88.8
2* 79 12.8 16.4 66.9 232 1.24 4.66 1.34 528 89.7 88.9
Glu-B1 7+9 60 12.7 16.3 67.0a 23.6 1.27 4.67 a 1.34 527 89.7 88.8
17+18 87 12.8 16.3 66.7 b 234 1.24 4.59b 1.35 5.25 89.7 88.8
Glu-A3 b 73 12.9 16.4 66.8 23.6 1.26 4.64 1.34 5.26 89.7 88.8
e 74 12.7 16.2 67.0 234 1.25 4.63 1.35 5.26 89.7 88.8
b
Glu-B3 (-1BL.IRS) 87 12.6 b 16.3 67.4a 24.0a 1.30a 4.73a 1.31b 5.24 89.7 88.8
J
(+1BL.IRS) 60 13.0a 16.3 66.4b 229b 1.20b 453b 1.38a 528 89.7 88.8

Table 3 continue

. ADF NDF K Mg P
. Line
Locus Subunit Number
umbe Kernel Bran Kernel Bran Kernel Bran Kernel Bran Kernel Bran
Glu-Al 1 68 312a 113 15.7 29.2 0.423 0.972 0.138 0.280 0.390 0.599 b
2% 79 297b 11.3 15.7 29.2 0.422 0.986 0.138 0.283 0.388 0.605a
Glu-B1 7+9 60 3.05 11.3 15.6 29.1 0.420 0.976 0.137 0.281 0.388 0.601
17+18 87 3.03 11.3 15.8 29.3 0.425 0.982 0.139 0.282 0.390 0.603
Glu-A3 b 73 3.08 11.2 15.8 29.2 0.427 0.971b  0.139a 0.282 0.391a 0.601
e 74 3.01 113 15.6 293 0.418 0.987a 0.137b 0.281 0.387b 0.603
Glu-B3 b 87 3.03b 112b  155b 289 0.412b  0970b 0.136b  0.281 0.387b  0.604
(-1BL.IRS) ’ : - b - : : - - :
J
(+1BL.IRS) 60 3.05a 11.5a 159a 29.6a 0.433a 0.988a 0.140a 0.281 0.391a 0.599

Tables 4 and 5 present the results of the quality analysis of the Glu-A1, Glu-B1,
Glu-A3, and Glu-B3 loci, as well as their combinations in kernel and bran. When
examining the effect of loci alone on the kernel, it is observed that the Glu-B3 locus
increases the protein, starch, fat, ash, NDF, K, and Mg ratios in the grain compared
to other loci (Table 4). When examining the effect of the triple combination of loci
in the kernel, the Glu-BI x Glu-A3 x Glu-B3 combination has a significant effect on
protein, starch, Mg and P ratios.

When examining the effect of individual loci on the bran, it is observed that
theGlu-B3 locus increases the ratios of starch, fat, ash, ADF, NDF, and K (Table 5).
The combinations of Glu-Al x Glu-Bland Glu-A1l x Glu-B3increases the ratios of
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fat, ash, and ADF in the bran. These data suggest that the effects of individual loci
and their combinations on quality and mineral matter in bran and kernel may vary.

Table 4. Quality analysis results of HMW and LMW loci and combinations in kernel

Source df PC SC FC AC ADF NDF K Mg P DM
MS

Glu-Al (A1) 1 0.492 0.075 0.090 0.0005 2.92%% 0.328 0.0003 0.000003 0.0003 0.135
Glu-B1 (BI1) 1 0.548 14.4* 0.147 0.039 0.059 2.37 0.002 0.0004 0.0005 0.043
Glu-A3 (A3) 1 5.04 4.03 0.022 0.003 0.618 2.02 0.009 0.0008* 0.002** 0.367
Glu-B3 (B3) 1 17.9°  142.2%%  1.28%  0.630**  0.033 18.1*  0.056** 0.002** 0.002** 0.115
Alx Bl 1 5.47 0.870 0.193 0.045 0.070 0.001 0.004 0.0004 0.001 0.084
Alx A3 1 4.31 7.06 0.007 0.008 0.002 0.874 0.003 0.0006 0.001* 0.049
Alx B3 1 3.40 0.072 0.163 0.020 0.025 0.030 0.005 0.00009 0.001 0.060
Blx A3 1 0.008  0.019 0.206* 0.063 1.01 0.993 0.006 0.00006 0.0004 0.002
Bix B3 1 0.466 0.117 0.036 0.018 0.005 0.441 0.0003 0.00004 0.0003 0.110
A3x B3 1 1.35 0.159 0.045 0.048 0.792 0.143 0.008 0.0001 0.0005 0.004
Alx BIx A3 1 2.07 0.036 0.111 0.0005 0.229 0.624 0.004 0.0004 0.0008 0.009
Alx Blx B3 1 0.067 0.489 0.041 0.013 0.323 0.308 0.00001  0.000001 0.0003 0.077
Alx A3x B3 1 5.46 0.848 0.008  0.00002 0.053 0.206 0.002 0.0005 0.0008 0.032
Blx A3x B3 1 15.9* 14.0* 0.029 0.002 0.032 0.488 0.004 0.001** 0.002** 0.465*%

Alx Blx A3x B3 1 9.16 10.4 0.121 0.032 0.0002 1.40 0.006 0.001** 0.002* 0.101

Error 1160 2.99 3.15 0.053 0.028 0.405 0.829 0.003 0.0002 0.0003 0.118

** P <0.05, ** P <0.01 level of significance, PC: Protein content, SC: Starch content, FC: Fat content, AC: Ash content, DM: Dry matter, ADF:
Acid detergent fiber, NDF: Neutral detergent fiber, K: Potassium, Mg: Magnesium,P: Phosphorus, df: degrees of freedom

As it generally contains more protein than the kernel, Wheat bran is an impor-
tant feed source, especially for ruminants (Unal, 2002; Balandran-Quintana et al.,
2015). It was found that the lines analyzed in the study had higher protein in their
bran compared to their kernels. Protein ratio in both bran and kernel was found to
be higher in 2012-2013 compared to 2013-2014 years. Similarly, the average pro-
tein content of the lines was higher in Samsun than Eskisehir. Mut et al. (2017)
reported that the contents of protein, ash, fat, starch, ADF, and NDF in the kernel
vary depending on genotypes and years. Hossain et al. (2013) has shown that in
wheat bran, dry matter, ash, and calcium contents vary depending on the location
(environment), while ash, protein, fat, and calcium contents vary depending on the
genotypes. Stated studies support the results of this study.
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Table 5. Quality analysis results of HMW and LMW loci and combinations in bran

Source df PC SC FC AC ADF  NDF K Mg P DM
MS
Glu-Al (A1) 1 5.31 43.4 0.268 0.161 0.009  0.096 0.022 0.001 0.005* 1.20
Glu-B1 (B1) 1 0.546 7.60 0.832% 0.027 0.026 6.14 0.004 0.00009 0.0003 0.166
Glu-A3 (A3) 1 5.16 6.02 0.015 0.001 3.15 0.708  0.030* 0.00004 0.0004 0.004
Glu-B3 (B3) 1 0.891  149.3* 514 0.248 122 567 0.039*  0.0000007 0.003 0.002
Alx Bl 1 0.065 21.6 1.34%* 117 11.4*  0.676 0.003 0.0003 0.0006 0.018
Alx A3 1 1.59 1.27 0.085 0.016 0.055  0.012 0.003 0.0008 0.001 0.379
Alx B3 1 0.002 26.2 0.927** 0.610** 9.62*% 2.03 0.004 0.0004 0.0007 0.210
BIx A3 1 1.65 0.418 0.040 0.015 1.64 1.34 0.0002 0.00002 0.0000006  0.001
Bix B3 1 0.282 19.9 0.472 0.026 115 1.29 0.026* 0.00009 0.0004 0.062
A3x B3 1 0.070 1.59 0.209 0.114 0.865  0.022  0.0001 0.00001 0.0001 0.377
Alx BIx A3 1 119 1.41 0.010 0.0000006  2.76 0.525  0.0007 0.00002 0.0006 0.029
Alx Blx B3 1 0.047 8.16 0.183 0.107 0.001 0933 0.0003 0.00002 0.00007 0.021
Alx A3x B3 1 115 8.65 0.0002 0.146 0.014 121 0.00006 0.00006 0.0003 0.292
Blx A3x B3 1 6.91 7.38 1.13%* 0.164 4.24 1.92 0.004 0.003* 0.002 0.527
Alx Blx A3x B3 1 4.38 231 0.194 0.068 0.115 1.36 0.011 0.0008 0.0005 0.355
Error 1160 2.23 12.9 0.134 0.084 1.94 1.70 0.007 0.0005 0.001 1.60

** P <0.05, ** P <0.01 level of significance, PC: Protein content, SC: Starch content, FC: Fat content, AC: Ash content, DM: Dry matter, ADF:
Acid detergent fiber, NDF: Neutral detergent fiber, K: Potassium, Mg: Magnesium, P: Phosphorus,

It is desirable to have appropriate amounts of ADF in the ration according to
the age of the animal. These amounts increase with the age of the animal and vary
between 19-25% (Khafipour et al., 2009; Tekce and Giil, 2014). In the study, the
ADF content of the kernels used varied between 2.46% and 3.74%, while in the
bran, it varied between 8.79% and 13.1%.

Ruminants cannot produce enough saliva when the NDF ratio is between 16-
25%. Optimum efficiency can be achieved when the NDF ratio is between 25-32%.
When the NDF ratio exceeds 32%, feed intake is limited by rumen capacity (Camp-
bell et al., 1992; Khafipour et al., 2009; Tekce and Giil, 2014). In this study, the NDF
ratio in the kernel (15.7%) was lower than the optimum level, while the NDF values
in the bran were higher (29.2%) and at the optimum level. This indicates that bran
is more valuable in animal nutrition.

In animal nutrition, the P ratio should be at least 0.3-0.5%, the magnesium ratio
should be a minimum of 0.35%, and the potassium ratio should be 0.70% in the
total ration (McDowell, 1992; Harris et al., 1994). The study found high ratios of P
(0.6%) and K (0.98%) in bran. Although the Mg ratio is low, it is still higher in bran
than in the kernel (Table 1). This study shows that wheat bran is a more valuable
animal feed in terms of mineral content.
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4. CONCLUSION

The study examined some quality characteristics such as ADE, NDEF, dry matter,
protein content, ash, fat, and starch ratios, as well as K, Mg, and P ratios in both
whole kernel and bran, and attempted to associate those with the presence/absen-
ce of the IRS.1BL wheat-rye translocation, and specific allelic variation at several
gluten loci. In the kernels, there was no effect of the 1RS.1BLtranslocation on ADF
and DM; all other tested parameters were signicantly affected by its presence. The
average ADE, NDE, protein content, ash content, K, Mg, and P contents in the
kernels of RILs carrying the translocation were higher than in those without it.
The kernels of RILs without the translocationhad higher fat and starch content. In
the bran, there was no statistically significant effects of the translocation on dry
matter, protein, and Mg content. On the other hand, The bran of RILs carrying the
translocation had higher ADF, NDE, ash and K contents, while those without it had
higher fat, starch, and P content. This demonstrates that the wheat-rye translocati-
on IRS.1BLhas significant effects on the properties of both wheat kernel and bran.
Lines with the translocation may be better for the production of whole wheat bread
with higher protein and mineral content. The bran of such genotypes may be more
advantageous in animal nutrition.
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TEMEL BILESENLER ANALIZi KULLANILARAK FINDIK BAHCESI
TOPRAK OZELLIKLERINE FARKLI SULAMA YONETIMLERININ
ETKILERININ DEGERLENDIRILMESI

0z

Iklime en duyarli meyve tiirlerinden birisi olan ve yetigsmesi icin belirli iklim
kosullarina gereksinim duyan findik, genel olarak ortalama yillik yagis miktarinin
800-1000 mm arasinda oldugu belirli bir kuzey enlemde yetistirilmektedir. Findik,
ayrica yar1 kurak ve kurak iklim bolgelerinde yetistirildiginde veya yetistirildigi
bolgenin yagis rejiminde diizensizlikler meydana geldiginde sulamaya gereksinim
duyabilmektedir. Mevcut ¢alisma, Samsun ili Terme ilgesinde kurulmus bir findik
bahgesinde toprak ézellikleri izerine dort farkli sulama suyu diizeyinin (Kontrol,
% 70 sulama, % 100 sulama, %130 sulama) etkilerinin arastirilmas1 amaciyla yiirii-
tillmustiir. Calismadaki degiskenlik kaynaklarinin (sulama suyu yonetimi ve top-
rak 6rnekleme derinligi) etkileri iki yonli varyans analizi ile degerlendirilmistir.
Ayrica sulama suyu yonetimleri ve toprak érnekleme derinliklerinin kombine et-
kileri, temel bilesenler analizi ile incelenmistir. Elde edilen sonuglar, ¢alisma alani
toprak ozellikleri tizerine en yiiksek etkileri ortaya koyan uygulamanin %70 sula-
ma suyu yonetimi oldugunu géstermistir. Kontrol ve %130 sulama suyu uygulama-
lar ise en diisiik istatistiksel etkileri ortaya koyan sulama yonetimleri olmuslardir.
Caligmada elde edilen sonuglar sonrasinda %70 sulama suyu diizeyi uygulamasi-
nin, ¢alismanin yiritildigi findik bahgesi toprak 6zelliklerinin gelisimi icin en
uygun sulama yonetimi oldugu 6nerilmistir.

Anahtar Kelimeler: Findik Bahgesi, Yiizeyalti Damla Sulama, Fiziksel ve Kim-
yasal Ozellikler, Iki Yonlii Varyans, Temel Bilesenler Analizi.

ek

EVALUATING THE EFFECT OF DIFFERENT IRRIGATION
MANAGEMENT ON HAZELNUT ORCHARD SOIL PROPERTIES
USING PRINCIPAL COMPONENT ANALYSIS

ABSTRACT

Hazelnut, one of the most climate-sensitive fruit species and requires certain
climatic conditions to grow, is generally grown in a certain northern latitude with
an average annual rainfall of 800-1000 mm. The hazelnut may also need irrigation
when being grown in semi-arid and arid climate regions or when there are irregu-
lar rainfall regimes in the region where it is grown. The current study was carried
out to investigate the effects of four different irrigation water levels (control, 70%
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irrigation, 100% irrigation, 130% irrigation) on soil properties in a hazelnut orc-
hard created in the Terme district of Samsun province. The effects of the sources
of variability in the study (irrigation water management and soil sampling depth)
were evaluated by two-way ANOVA analysis. Also, the combined effects of irriga-
tion water managements and soil sampling depths were investigated by principal
component analysis. The results showed that the application with the highest im-
pact on the soil properties of the study area was 70% irrigation water management.
The control and 130% irrigation water practices were the irrigation managements
that revealed the lowest statistical effects. After the results obtained from the study,
it was suggested that applying 70% irrigation water level is the most suitable irriga-
tion management for developing soil properties of the hazelnut orchard where the
study was conducted.

Keywords: Hazelnut Orchard, Subsurface Drip Irrigation, Physical and Chemi-
cal Properties, Two-Way Anova, Principal Component Analysis.

e e
1. GIRIS

Diinyada 600 yildan beri ticareti yapilan bir meyve olan findik, ayn1 zamanda
diinyanin iklime en duyarl, yani yetistirilebilmesi i¢in belirli iklim kosullarina ge-
reksinim duyan ve bu kosullar gerceklesmediginde verimli olmayan bitkilerinden
birisidir. Belirli iklim kogullarinda (nem, yagis, sicaklik, vb.) verim veren ve kalite
kazanan findik, iilkemizde dahil olmak tizere diinyada genel olarak yillik ortalama
yagis miktarinin 800-1000 mm arasinda oldugu, yagisin yil boyunca esit dagildig:
(Cristofori ve ark., 2014) belirli bir kuzey enleminde yetistirilmektedir.

Ulkemizin kuzeyinde yer alan Karadeniz sahil seridi, sahip oldugu nemli ve
iliman iklim 6zellikleri itibariyle, diinyada findik yetistiriciligine en uygun ekolojik
kosullara sahip cografyalardan biri konumundadir. Karadeniz sahil seridi boyun-
ca devam eden nemli ve iliman iklim 6zellikleri, findigin bolgede iyi bir gelisim
gostermesini saglamasinin yani sira bol {iriin vermesine de 6nemli katki sunmak-
tadir. Buna karsin, findik bitkisi yar1 kurak ve kurak iklim bolgelerinde yetisti-
rildiginde veya yetistirildigi cografyanin yagis rejiminde diizensizlikler meydana
geldiginde sulamaya gereksinim duyabilmektedir. Diinyada ve iilkemizde yapilan
cesitli alismalar, tilkemizin de igerinde yer aldig1 Akdeniz iklim kusaginda iklim
degisikligi nedeniyle ortaya cikan su kisithiliginin, sirdirilebilir findik tretimi
i¢in smirlayici temel faktor haline geldigini rapor etmektedir (Garreaud ve ark.,
2017; Roco ve ark., 2016; Ustaoglu ve Karaca, 2014). Bu ¢aligmalara ait sonuglar ve
senaryolar, ayn1 zamanda findik arazilerinde su verimliliginin artirilmasi ve verim
potansiyelinin yeterli diizeyde korunmasi i¢in sulama stratejilerinin gelistirilme-
si gerektigini de ortaya koymaktadir (Fereres ve Soriano, 2007; Medrano ve ark.,

ANAJAS, 2024, Cilt 39, Say! 1, Sayfa 87-112



Ediphan EREN, Edip Erhan KUGUK, Serkan IC, Mustafa SAGLAM m

2015; Ruiz-Sanchez ve ark., 2010; Ortega-Farias ve ark., 2012). Kiilah¢ilar ve ark.
(2018), tilkemizin en yiiksek yagis miktarlarina sahip bolgesi olmasina karsin, Ka-
radeniz bolgesinin yagis rejiminde findik bitkisinin en fazla suya ihtiya¢ duydugu
bazi aylarda yetersizlikler olabildigini ve bu durumlarda findik veriminin ve kali-
tesinin artirilmasi i¢in sulamanin gerekli oldugunu ifade etmektedirler. Tonkaz ve
Bostan (2010)da yine benzer sekilde bolgede 6zellikle son yillarda yaz aylarinda 30
°C’nin tizerindeki sicakliklarin fazlaca gozlemlendigini ve yiiksek sicakliklarla bir-
likte Temmuz ve Agustos aylarinda ortaya ¢ikan yetersiz yagis rejimlerinin findik
dretimini olumsuz sekilde etkiledigini bildirmislerdir.

Karadeniz bolgesinde geng findik bahgeleri Samsun, Sakarya, Diizce, Zongul-
dak, Bartin, Kastamonu, Sinop, Kocaeli gibi illerde taban araziler olarak tanimla-
nan derin toprak yapisina sahip alanlarda kurulmasina karsin, iilkemizde findigin
geleneksel olarak yetistirildigi yasli bahceler, genellikle sulama imkani bulunma-
yan yiiksek egime ve sig toprak derinligine sahip marjinal alan 6zelligindedir.
Bu durum tlkemizde findik yetistiriciligi yapilan alanlarda yenilik¢i toprak ve
sulama yonetimlerinin uygulanmasini engellemekte, diisiik karliliga sahip findik
retiminin olusmasina ve ayni zamanda da tilkemizdeki findik veriminin, diinyada
findik tiretimi yapilan bagkaca tilkelerden daha diisiik olmasina neden olmaktadr.
Ulkemizde diisiik verimli findik yetistiriciligi sorunun iistesinden gelebilmek i¢in
ozellikle geng findik bahgelerinin tesis edildigi taban arazilerde yenilik¢i toprak
ve sulama yonetimleri uygulanarak findik yetistiriciliginin yapilmasi 6énemli bir
secenektir. Yiiriitiilecek bu yenilikgi ve teknolojik yonetimler, findik verimi tizeri-
ne son yillarda bolgede ortaya ¢ikan yiiksek sicakliklarin olumsuz etkilerinin yani
sira diizensiz yagis rejimlerine bagli ortaya ¢ikan su kisithiliginin etkilerinin azaltil-
masina ist diizeyde katk: verebilir. Ozellikle sulama ydnetimleri sirasinda sulama
suyunu toprak yiizeyinin altindan dogrudan kok bolgesine uygulayan ve toprak
ylizeyinden buharlagsmayi en aza indiren yiizey alt1 damla sulama (SDI) sistemle-
rinin kullanimi, buharlagsma yoluyla toprak yiizeyinden su kayiplarinin engellen-
mesi i¢in son derece etkili olabilir. Ayrica findik bahgelerinde yiiriitiilecek sulama
uygulamalar: sirasinda diizenlenmis kisith sulama y6netimleri gibi su tasarrufu
saglayan yonetimlerin tercih edilmesi durumunda da findik bahgelerinde su kulla-
nim etkinliginin iyilestirilmesine 6nemli katkilar saglanabilir.

Samsun ili Terme ilgesinde bir ¢iftci bahgesinde yiiriitiilen bu ¢alismayla;

a. ylizey alt1 damlama sulama ile uygulanan farkli sulama suyu miktarlarinin
(%70, %100 ve %130) findik bahgesi topraklarinin fiziksel ve kimyasal 6zel-
likleri iizerine olan etkilerinin degerlendirilmesi,

b. farkli sulama suyu yonetimleri ve toprak érnekleme derinliklerinin kom-
bine etkileri sonrasinda findik bahgesi toprak ozelliklerine iligkin anlaml
bilgiler ortaya koyan temel bilesenlerin belirlenmesi amaglanmistir.
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2. MATERYAL VE YONTEM

2.1. Galisma Alaninin Yeri ve iklim Ozellikleri

Bu ¢alisma, Samsun ilinin dogusunda yer alan ve Ordu ili ile sinir ilgesi olan
Terme ilgesinde yuritilmistiir. Terme il¢esi dogusunda Ordu ili, kuzeyinde Kara-
deniz, batisinda Carsamba ve glineyinde ise Salipazari ilgeleri ile gevrilidir.

Caligmanin ytritiildagi findik bahgesi, Terme ilgesinin Yenicami mahallesin-
de 41° 12’ enlem ve 36° 55’ boylamlar1 arasinda yer alan bir cift¢i bahgesi olup deniz
seviyesinden yiiksekligi ise 13 mdir. Dokuz yasinda Yomra findik ¢esidinin dikili
oldugu findik bahgesinde, bitkilerin sira arasi x sira tizeri dikim mesafesi 6 x 2 m
olup bahgenin toplam alani ise 17.9 dadir (Sekil 1).

Sekil 1. Calisma alaninin yer bildirimi

Figure 1. The location of the study area
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Samsun iline ait uzun yillar (1929-2021) ve findik bahgesinin yer aldig1 Terme
ilcesine ait 9 yillik (2014- 2022) sicaklik ve yagis verilerine iligkin sonuglar Cizelge
I'de sunulmustur. Findik bahgesinin yer aldig1 Terme ilgesi ile Samsun ilinin yillik
ortalama sicaklik degerleri birlikte degerlendirildiginde ortalama sicakliklarin si-
rastyla 14.8 °C ve 14.6 °C ile birbirine olduk¢a yakin oldugu gortilmektedir. Ancak
yine ¢izelgeden goriilebildigi tizere Terme ilgesi ile Samsun ilinin yagis rejimi ba-
kimindan 6nemli farklilar1 bulunmaktadir. Terme ilgesinin aylik ortalama ve yillik
toplam yagis miktarlar: sirasiyla 98.9 mm ve 1187.0 mm iken Samsun ilinin aylik
ortalama ve yillik toplam yagis miktarlarinin ise yine sirastyla 59.8 mm ve 717.9
mm oldugu gorillmektedir. Terme il¢esinde en kurak ve yagish aylarin sirasiyla
Nisan (57.3 mm) ve Ocak (163.8 mm) oldugu, ilin en kurak ve yagish aylarinin ise
Temmuz (35.1) ve Kasim (83.8 mm) oldugu da goriilmektedir. Yine Samsun ilin
en kurak iki aymin Temmuz ve Agustos aylari olmasina karsin Terme il¢esinin bu
iki ayda Samsun ilinin ortalama degerlerine oranla yaklagik {i¢ kat1 daha fazla yagis
aldig1 ve Agustos ayinin da 135.8 mm aylik ortalama yagis ile Terme il¢esinde yilin
en yagishi ikinci ay1 oldugu goriilmektedir. Bununla birlikte Terme ilgesi ve Samsun
ilinin y1l boyunca en diisiik, en yiliksek ve ortalama sicaklik degerleri bakimindan
benzer ozellikler tasidig gorilmektedir (Cizelge 1).

Cizelge 1. Samsun iline ve Terme ilcesine ait bazi iklim 6zellikleri

Table 1. Some climate characteristics of Samsun province and Terme district

Aylar Samsun (1929-2021) Terme (2014-2022)
Yagis (mm) Sicaklik (°C) Yagis (mm) Sicaklik (°C)
Ocak 71.6 7.2 163.8 8.1
Subat 58.8 7.2 75.2 7.9
Mart 66.8 8.1 101.8 8.6
Nisan 56.8 11.3 57.3 11.2
May1s 48.8 15.6 89.2 15.9
Haziran 45.8 20.2 84.7 20.9
Temmuz 35.1 23.2 77.7 23.2
Agustos 37.5 23.6 135.8 24.0
Eylal 53.6 20.3 96.2 20.5
Ekim 78.4 16.5 102.2 16.2
Kasim 83.8 12.7 83.8 12.0
Aralik 80.9 9.4 119.4 8.9
Ortalama Sicaklik - 14.6 ---- 14.8
Ortalama Yagis 59.8 --- 98.9
Toplam Yagis 717.9 - 1187.0
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2.2. Calisma Alaninin Temel Toprak Ozellikleri

Caligmanin yiuritildiagi findik bahgesine ait bazi temel toprak ozelliklerine
ait sonuglar Cizelge 2'de verilmistir. iki farkl toprak derinliginden alanin toprak
orneklerinden elde edilen sonuglar degerlendirildiginde findik bahgesinin her iki
ornekleme derinliginde de killi tin tekstiire sahip oldugu goriilmiistiir. Calisma
alan1 topraklarinin toprak reaksiyonu, iist toprak derinligi (0-15 cm) ve alt toprak
derinligi (15-30 cm) icin sirastyla hafif asidik ve nétr sinifinda oldugu belirlenirken,
toprak tuzlulugu bakimindan da her iki toprak derinliginde tuzsuz sinifinda yer aldi-
1 tespit edilmistir. Yine organik madde kapsamlar1 yoniinden iist toprak derinligin-
de orta, alt toprak derinliginde az, toplam azot igerikleri bakimindan ise her iki top-
rak derinliginde fazla sinifinda yer aldiklar1 goriilmistiir (Miiftiioglu ve ark., 2014).

Cizelge 2. Caligma alaninin temel toprak ozellikleri

Table 2. Basic soil properties of the study area

Toprak Derinligi Kil Silt Kum  Tekstiir Smifi  pH EC OoM TN
(cm) (%) (%) (%) (dSm?) (%) (%)
0-15 30.19  46.12  23.69 Killi tin 6.47 0.23 2.34 0.20
15-30 3230 46.06  21.64 Killi tin 6.86 0.15 1.37 0.5

EC: Elektriksel iletkenlik; OM: Organik madde; TN: Toplam azot.

2.3. Sulama sisteminin Kurulumu ve Sulama Suyu Yénetimleri

Calismada sulama yonetimleri, ylizey alt1 damla sulama sistemi kullanilarak
gerceklestirilmistir. Kullanilan sulama sistemi, pompa ve kontrol birimlerinin yan1
sira ana, yan ve lateral (damla sulama) boru hatlarindan olusmaktadir. Sistemde
ayni zamanda her bir sulama yonetiminde, lateral boru sistemi ile bitki kok
bolgesine tasinan su miktarinin belirlendigi su saatleri de bulunmaktadir (Kiigiik
ve ark., 2022). Sulama sisteminde lateral borular, her sirada 2 adet olacak sekilde
findik agaglarinin her iki yanina toprak yiizeyinden 15 cm derine yerlestirilirken
lateral borularin damlatici araligi 50 cm ve damlatici debisi ise 2.3 L saatdir. Sula-
ma sisteminin ¢alistirilmast igin ihtiya¢ duyulan elektrik enerjisi ise bahge icerisine
kurulan giines panellerinden saglanmugtir.

Calismada dort farkli sulama yonetimi konusu yer almaktadir. Her biri farkli
biiytikliige sahip alanlarda yiriitiilen sulama yonetimleri sirasinda sulama suyu
uygulamalar: agagidaki oran (%) ve miktarlarda (mm) uygulanmistir;

a. Kontrol sulama suyu yonetimi (13.4 da) : Yagmur suyu kosullarinda sulama,

b. %70 Sulama suyu yonetimi (1.0 da): Yetistirme sezonundaki bitki su tiiketiminin
%70'nin sulama ile verilmesi (Uygulanan toplam sulama suyu miktar1 115 mm),

ANAJAS, 2024, Cilt 39, Say! 1, Sayfa 87-112



Ediphan EREN, Edip Erhan KUGUK, Serkan IC, Mustafa SAGLAM

. %100 Sulama suyu yonetimi (1.6 da): Yetistirme sezonundaki bitki su tiike-
timinin %100’in{n sulama ile verilmesi (Uygulanan toplam sulama suyu
miktar1 164 mm),

d. %130 Sulama suyu yonetimi (1.9 da): Yetistirme sezonundaki bitki su tiike-
timinin %130’unun sulama ile verilmesi (Uygulanan toplam sulama suyu
miktar1 217 mm).

Kontrol uygulamasi, ¢iftci sartlarini temsil etmekte olup higbir sulama yoneti-
minin yiirtitiilmedigi kosullara karsilik gelmektedir. Bu uygulamada bitki ve toprak
kosullar1 i¢in yalnizca yil igerisinde gelen yagmur suyunun etkileri s6z konusudur.
Sulama suyu yonetimi konularinda ise bitki evapotranspirasyon (ET)) degerlerinin
ti¢ farkli diizeyine kargilik gelen miktarlarda (%70, %100 ve %130) sulama yapil-
migtir. Sulamalar sirasinda sulama konularma 1.5 mm sa™ olacak sekilde sulama
suyu verilmistir. 2019 ve 2020 yillarinda yiiriitiilen sulama y6netimlerinde sulama-
lar, Nisan ve Ekim aylar1 arasindaki periyotta haftada bir sulama uygulamas: ola-
cak sekilde gerceklestirilmistir. Her iki yilda da tiim sulama yonetimi konularinda
findik meyvesinin gelisim sezonun disinda kalan Kasim ve Mart aylar1 arasindaki
periyotta herhangi bir sulama yapilmamustir.

Sulama yonetimlerinde uygulanacak sulama suyu miktarlarina ise FAO Pen-
man-Monteith yontemi kullanilarak karar verilmistir (Allen vd., 1998). Bu siirecte
ilk olarak Esitlik (1) kullanilarak referans bitki evapotranspirasyon (ET ) degerleri
elde edilmistir. Daha sonra ET degerleri, findik bitkisi igin elde edilen bitki kat-
sayist (K ) degerleri ile diizeltilerek bitki evapotranspirasyon (ET) degerleri he-
saplanmistir (Esitlik 2). Son asamada ise Penman-Monteith yontemi ile giinliik
adimda hesaplanan ET_degerleri, haftalik diizeyde birikimli hale getirilmis ve haf-
talik adimda her bir sulama suyu yonetimi i¢in uygulanacak haftalik sulama suyu
miktarlar1 belirlenmistir.

0.408A(Ry-G) y[%} uzleyeg)
Aryp(140.3u5)

ET,= (1)

Burada;

ET, :Referans bitki evapotranspirasyonu (mm giin™),

A :Buhar basinci egrisinin egimi (kPa °C™),

Rn :Bitki yiizeyindeki net radyasyon (M] m giin™'),

G  :Toprak 1s1 akis yogunlugu (M] m? giin™),

y  :Psikometrik sabite (=0.665x10-3xP) (MJ m* giin),
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u, 2 m yikseklikteki riizgar hizi (m s'),

e :Doygun buhar basmci (kPa),

e :Gergek buhar basinci (kPa),

:2 m yiikseklikteki ortalama giinliik hava sicaklig1 (°C).

ort
ET=ET,x K, 2)
Burada,
ET  :Bitki evapotranspirasyonu (mm giin),
K_ :Bitki gelisim periyotlar ile ilgili bitki katsayilaru.

Bu ¢alismada findik bitkisi i¢in bitki katsayisi degerleri belirlenirken findik
bitkisinin tomurcuk olusumu ve siirgiin uzamasi, findik ve vejetatif aksam gelisi-
mi, hasat dénemi, hasat sonrasi1 dénem olmak tizere dort farkli gelisim periyodu
dikkate alinmustir.

Hesaplamalarda kullanilan giinlitk meteorolojik veriler, caligma alanina en ya-
kin mesafede kurulu olan Samsun 10. Meteoroloji Bolge Midiirliigirniin Carsam-
ba Kizilot Mahallesindeki meteoroloji istasyonundan elde edilmistir.

Sulama yonetimi uygulanan tiim parsellerde sulama periyodu siiresince toprak
nem igerigindeki degisimler ise parsellerde 0-20 cm ve 20-40 cm toprak derinlik-
lerine yerlestirilen tansiyometreler (Irrometer RSU-V Tensiometer) ve nem sen-
sorleri (SM150) ile bitki gelisim dénemi boyunca takip edilmistir. Ayrica saatlik
zaman diliminde toprak nem icerigindeki degisimler veri kaydedicilere (datalog-
gerlara) (rSense ve rLink Cellular) kaydedilmistir.

2.4. Toprak Orneklerinin Alinmasi ve Laboratuvar Analizleri

Calismada kullanilan toprak orneklemeleri, sulama yonetimlerinin tamam-
lanmasidan sonra 2020 yili Kasim aymin ikinci haftasinda gergeklestirilmistir.
Bozulmus ve bozulmamis 6rnek alma esasina gore gerceklestirilen 6rneklemeler
sirasinda her bir sulama yonetimi konusunda (Kontrol, %70, %100, %130), ti¢
farkli toprak derinliginden (0.0-7.5-, 7.5-15.0- ve 15.0-30.0 cm) dort tekerriirlii
toprak ornekleri alinmigtir. Tekerriir toprak drneklemeleri sulama yonetimlerinin
gerceklestirildigi findik bitki sira tizeri ve sira arasi alanlarda (parsellerde) gercek-
lestirilirken, dort tekerriirden ikisi findik ocaklari arasindaki sira tizeri alanlardan,
diger ikisi ise ocaklarin sira arasi alanlarindan alinmistir. Toprak 6rnekleme ¢a-
ligmalar1 sonunda dort farkli sulama konusundan, ii¢ farkli toprak derinliginde
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ve dort tekerriirlii olmak tizere 48%r adet bozulmus ve bozulmamis toprak 6rnegi
olmak tizere toplam 96 adet toprak 6rnegi alinmigstir. Bozulmus toprak 6rnekleri
toprak burgusu yardimiyla alinirken bozulmamis toprak 6rnekleri ise 5 cm ¢a-
pinda ve 5 cm yiiksekliginde paslanmaz ¢elik ringler yardimiyla 6rneklenmistir.
Bozulmamis toprak 6rneklemeleri sonrasinda paslanmaz ¢elik ringler stre¢ film
ile sikica paketlenmistir. Bu paketleme ile hem bozulmus toprak 6rneklerinin la-
boratuvara taginmast sirasinda toprak kayiplarinin 6nlenmesi hem de bozulmamis
toprak orneklerinde analizlere baglanilincaya kadar 6rneklerin nem diizeylerinin
korunmasi amag¢lanmigtir.

Laboratuvara getirilen bozulmamis toprak 6rnekleri, gerekli analizlere basla-
nilincaya kadar buzdolabinda (+4 °C) muhafaza edilmislerdir. Caliyma alanindan
polietilen plastik posetler icerisinde laboratuvara getirilen bozulmus toprak 6r-
nekleri ise ilk 6nce laboratuvar ortaminda oda sicakliginda kurutulmus ve daha
sonra 2 mnrlik elekten elenerek analize hazir hale getirilmistir. Analize hazir hale
getirilen bozulmus toprak orneklerinde sirasiyla tekstiir (Gee ve Bauder, 1986), pH
(Hendershot ve ark., 1993), elektriksel iletkenlik (EC) (Rhoades, 1986), organik
madde (OM) (Nelson ve Sommers, 1982), toplam azot (TN) (Bremner, 1965), tarla
kapasitesi (TK) (Klute, 1986), daimi solma noktasi (DSN) (Klute, 1986); bozulma-
mis toprak drneklerinde ise hacim agirligi (HA) (Blake ve Hartge, 1986) analizleri
gerceklestirilmistir. Ayrica, bitkiye yarayish su igerigi (YSI), tarla kapasitesi ve da-
imi solma noktasi arasindaki farktan; karbon/azot orani (C/N orani), kiitle olarak
organik karbonun (OC) TN’a oranlanmasiyla bulunmustur. Striiktiir stabilite in-
deksi (SSI) ise toprak 6rneklerine ait kil, silt ve OC degerleri kullanilarak asagidaki
esitlik yardimiyla hesaplama yoluyla bulunmustur.

L724x0C

Strikeiir Stabilite Indeksi (550 = w500

x100:0 =< 55 < = (3)
Burada OC: toprak organik karbon icerigi (%)dir.

2.5. istatistiksel Analizler

Caligmada ytritillen tim istatistiksel degerlendirmeler sirasinda findik bah-
¢esinden alinan bozulmus ve bozulmamis toprak 6rneklerinde gerceklestirilen
analizler sonrasi elde edilen veri seti kullanilmgtir. Istatistiksel analizlerin baglan-
gi¢ asamasinda veri seti 6nce tanimlayici istatistiksel degerlendirmeye alinmistir.
Veri setinde normal dagilim kosullarini saglamayan analiz gruplarinda karekok ve
logaritma déniisiimleri uygulanmistir. Doniigiim uygulamalari sonrasinda da nor-
mal dagilim kosullarini saglamayan veri gruplarinda ug deger kontrolleri yapilmis
ve u¢ deger olduguna karar verilen sonuglar veri setinden ¢ikartilmistir.
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Yapilan dontistimler ve u¢ deger degerlendirmeleri sonrasinda normal dagilim
kosullar1 saglanan veri setinde korelasyon analizi ve sulama uygulamalarinin etki-
lerinin degerlendirilmesi amaciyla varyans analizleri yapilmistir. Varyans analizi
sonucunda ortalamalar arasindaki farklarin istatistiki olarak 6nemli bulundugu
veri setlerinde ¢oklu karsilagtirmalar, Bonferroni testi kullanilarak yapilmustir. Is-
tatistiksel analizlerin son asamasinda ise 13 adet toprak ozelligi tizerine sulama
yonetimlerinin ve toprak drnekleme derinliklerinin sahip oldugu etkileri deger-
lendirmek amaciyla temel bilegenler analizi yapilmistir. Temel bilesenler analizi,
toprak ozelliklerine iliskin 6rnek noktalarinin istatistiksel benzerliklerini deger-
lendirmek i¢in 6klid mesafesini kullanir. Bir bagka ifadeyle, temel bilegenler ana-
lizi, birbiriyle iligkili cok sayidaki degiskeni kullanarak, daha az sayida ve birbiriy-
le iliskisi olmayan boyutsuz (birimsiz) degiskenleri elde etmeyi amaglar (Tathidil,
2002). Farkli sulama yonetimlerinin etkisi altindaki toprak ozelliklerinden olugan
veri setinin temel bilesenler analizine uygunlugu, Barlett ve Kaiser-Meyer-Olkin
(KMO) testleri ile kontrol edilmistir. Temel bilesenler analizine uygunlugu goriilen
veri setinde faktorlerin belirlenmesi sirasinda Varimax dondiirme tekniginden yarar-
lanilmigtir. Temel bilesenler analizi sonucunda 6z degerleri 1e esit veya 1'den biiyiik
olan gruplar faktor olarak kabul edilirken, kritik faktor yiikii 0.5 olarak alinmustir.

Calismada gergeklestirilen tiim istatistiksel degerlendirmeler SPSS ver. 21.0
istatistik paket programi kullanilarak yirttilmistir.

3. BULGULAR VE TARTISMA

Calisma alan1 toprak ozelliklerine ait tanimlayici istatistikler, farkli sulama
suyu miktar1 uygulamalar1 ve toprak derinlikleri dikkate alinmaksizin tiim ala-
n1 kapsayacak sekilde olusturulan veri setinde degerlendirilmistir (Cizelge 3).
Findik bahgesi topraklarinin belirlenen ortalama kil (% 30.89), silt (% 46.10) ve
kum (% 23.01) igerikleri kullanilarak tekstiir sinifinin tespitine yonelik yapilan
degerlendirmelerde findik bahgesi topraklarinin killi tin biinyeye sahip oldugu
bulunmugtur. Calisma alaninda farkli sulama yonetimleri ve toprak derinliklerin-
den alinan 48 adet toprak orneginde tekstir bilesenlerinin dagilimlar: ¢arpiklik
degerleri tizerinden incelendiginde, topraklarin kil, silt ve kum igeriklerinin nor-
mal dagilim sergiledigi (Webster, 2001) ve tekstiir bilesenlerinin tamaminin findik
bahgesi igerisindeki degiskenliklerinin diisiik oldugu (Wilding, 1985) tespit edil-
mistir. Topraklarin incelenen diger fiziksel 6zelliklerine (HA, TK, DSN ve YSI) ait
degiskenliklerde yine ¢arpiklik ve degiskenlik katsayilar1 tizerinden degerlendiril-
diginde, HA, DSN ve YSI degerlerinin normal dagilima sahip oldugu, buna kar-
sin TK degerlerinin ise saga ¢arpik bir dagilim sergiledikleri goriilmiigtiir. Degis-
kenlik katsayilari ise bu dort fiziksel 6zelligin tamaminin ¢alisma alani topraklar:
icerisindeki degiskenliklerinin diigitk oldugunu ortaya koymustur (Cizelge 3).
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Calisma alaninda kimyasal 6zelliklerden pH, EC, OM ve TNa ait degiskenlik kat-
sayilar ise fiziksel ozelliklerin aksine pH disindaki diger kimyasal toprak ozellik-
lerinin ¢alisma alaninda orta (TN) ve yiiksek (EC ve OM) degiskenliklere sahip
oldugunu gostermistir. Yine ¢alismada incelenen fiziksel ve kimyasal 6zellikler
kullanilarak hesaplanmis degiskenler olan C/N orani ve SSI 6zelliklerinin de degis-
kenlik katsayisi degerlerine gore findik bahgesi icerisinde sirasiyla orta ve yiiksek
degiskenlige sahip olduklari tespit edilmistir. Bu 6zelliklerin tamamina (pH, EC,
OM, TN, C/N oran1 ve SSI) ait ¢arpiklik degerleri incelendiginde ise normal dagili-
ma sahip pH, OM ve C/N orani disindaki tim toprak 6zelliklerinin findik bahgesi
alani icerisinde saga ¢arpik bir dagilima sahip olduklar: goriilmiustiir (Cizelge 3).

Cizelge 3. Caligma alaninda incelenen toprak o6zelliklerine iliskin tanimlayici
istatistikler

Table 3. Descriptive statistics regarding the investigated soil properties in the
study area

Toprak En En Standart  Degiskenlik

. Birimi  Ortalama Carpiklik  Basikhik  n
Ozellikleri Diisiik  Yiiksek ~ Sapma  Katsayisi (%)

Kil % 30.89 24.66 35.73 2.66 8.61 -0.40 -0.41 48
Silt % 46.10 41.81 50.73 2.15 4.66 0.22 -0.06 48
Kum % 23.01 16.09 27.89 2.81 12.21 -0.49 -0.14 48
HA gcm? 1.54 1.40 1.69 0.07 4.55 -0.48 -0.15 47
TK' % 27.14 23.06 32.87 2.25 8.29 0.80 (0.50°) -0.12 48
DSN % 15.86 12.64 18.52 1.43 9.02 0.09 -0.76 48
YSi % 11.28 8.11 15.37 1.42 12.01 0.52 0.79 48
pH 6.58 5.84 7.43 0.28 4.26 0.05 1.63 47
EC'T dSm™! 0.20 0.07 0.61 0.11 55.00 1.50 (0.19") 2.82 48
oM % 2.02 0.86 3.81 0.74 36.63 0.46 -0.86 48
TN' % 0.18 0.10 0.30 0.05 27.78 0.63 (0.367) -0.58 48
C/N Orant 6.25 3.78 8.16 1.11 17.76 -0.30 -0.56 48
SSI % 2.64 1.13 5.27 1.03 39.02 0.59 (0.27) -0.60 48

HA: Hacim agirhgy; DHI: Doymus hidrolik iletkenlik; TK: Tarla kapasitesi; DSN: Daimi solma noktasi; YSi: Yarayigh su igeri-
gi; EC: Elektriksel iletkenlik; OM: Organik madde; TN: Toplam azot; C/N Orani: Karbon/Azot Orany; SSI: Striiktiir stabilite
indeksi; n: Ornek say1s.

+: Karekok doniigiimii uygulanmis veri seti; 11: Logaritma doniigiimii uygulanmug veri seti.

*: Karekok veya logaritma doniigiimii sonrasindaki ¢arpiklik katsayilari.

Findik bahgesinde incelenen toprak ozellikleri arasindaki korelasyon iligkileri
Cizelge 4de verilmistir. Korelasyon analizi sonuglar, ¢aligma alaninda en fazla an-
laml: korelasyon iliskilerine (p<0.01; p<0.05) sahip toprak 6zelliginin kum icerigi
oldugunu ortaya koyarken, TK ve YSI iceriklerinin ise en az anlamli korelasyon
iliskilerine (p<0.01) sahip toprak ozellikleri oldugunu gostermistir. Bunun yani
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sira en yiiksek pozitif ve negatif anlamli korelasyon iligkilerinin sirasiyla SS'nin
OM (1.00; p<0.01) ve kil icerigi (-0.70; p<0.01) ile olan iliskilerinde belirlenirken,
TN ile silt igerigi ve C/N orani arasindaki korelasyon iliskilerinin en diisiik pozitif
korelasyon iligkileri (0.32; p<0.05), EC ile HA arasindaki iliskinin de en diisiik ne-
gatif korelasyon iligkisi (-0.33; p<0.05) olduklar: tespit edilmistir (Cizelge 4). Top-
rakta OM’nin veya OC’un depolanmast esas olarak iklim, topografya, bitki ortiisii
ve yonetim gibi faktorler tarafindan kontrol edilmekte olup (Jenny, 1941), edafik
faktorler ikinci derecede etkili olmaktadir (Zinn ve ark., 2007). Topraktaki yeter-
siz drenaj kosullarinda olugan anaerobik kosullar, OC’un toprakta ayrigma siire-
cini sinirlandirarak birikim miktarlarini artirirken (Tan ve ark., 2004), iyi drenaj
ile yeterli havalanma ve aerobik kosullarin hakim oldugu topraklarda ise OC’un
toprakta depolanmasini kontrol eden en dnemli edafik faktoriin, toprak tekstiirii
oldugu ifade edilmektedir (Zinn ve ark., 2005). Nitekim toprakta OC konsantras-
yonu ile kil veya kil+silt igerikleri arasindaki pozitif iliskiler, bircok arastirmaci
tarafindan da rapor edilmektedir (Hook ve Burke, 2000; Kolbl ve Kogel-Knabner,
2004; Plante ve ark., 2006; Gulde ve ark., 2008; Adhikari ve Bhattacharyya, 2015;
Wiesmeier ve ark., 2019; Jaksic ve ark., 2021; Thabit ve ark., 2023). Buna karsin
mevcut ¢aliymanin bulgularina benzer sekilde, OC ile kil igerigi arasinda nega-
tif korelasyon iligkisinin bulundugunu rapor eden ¢alismalarda bulunmaktadir
(Silver ve ark., 2000; Vejre ve ark., 2003; Fukumasu ve ark., 2021). Zeraatpishe ve
Khormali (2012), OC igerigi ile topraktaki illit ve klorit grubu kil mineralleri ara-
sinda anlaml negatif iligkiler bulduklarini bildirmiglerdir. Wiseman ve Piittmann
(2006)da yine benzer sekilde topraktaki illit kil minerali ile OC igerigi arasinda
negatif korelasyon iliskisinin belirlendigini ve bu durumun herhangi bir gercek
iliskinin sonucu olmaktan ziyade muhtemelen illit miktarindaki artis ile ayn1 de-
rinliklerde OC igeriginde meydana gelen tesadiifi diistislerle iligkili olabilecegini
ifade etmislerdir. Zinn ve ark. (2007)da yine alt derinliklerde daha yiiksek spesifik
ytizey alanina sahip kil iceriginin, daha ince kil parcaciklarinin yitkanmasiyla veya
topraktaki OC konsantrasyonundaki es zamanli azalmayla agiklanabilecegini ifa-
de etmislerdir. Ayrica ikinci hipotezin, 6zellikle OC icerigi agisindan zengin 0-5
cm toprak derinliginde, kil fraksiyonlarina ait spesifik ytizey alani ve OC igerigi
arasindaki negatif korelasyonlarla desteklendigini rapor etmislerdir. Bu ¢aligmada
findik bahgesi topraklarimin kil tiplerine ve kil tiplerinin spesifik yiizey alanlarina
iliskin herhangi bir sonu¢ rapor edilmemesine karsin artan toprak derinlikleriyle
birlikte kil miktarinin istatistiksel olarak 6nemli diizeyde arttig1 ve topraklarin OM
iceriginin de ayni sekilde azaldig: tespit edilmistir.

Buyukoztirk (2002), faktor analizini, birbirleriyle iliskili ¢ok sayida degiskeni
bir araya getirerek daha az sayida anlamli degiskenler elde etmeyi amaglayan ¢cok
degiskenli bir istatistiksel yontem olarak tanimlamaktadir. Hair ve ark. (1998)da
temel bilesenler analizinde kullanilacak degiskenler arasinda belirli diizeyde ¢oklu
baglantinin olmas: gerektigini ve dolayisiyla faktor analizinde degiskenler arasin-

ANAJAS, 2024, Cilt 39, Say! 1, Sayfa 87-112



Ediphan EREN, Edip Erhan KUGUK, Serkan IC, Mustafa SAGLAM m

daki korelasyon iliskilerinin incelenmesinin 6nemini ifade etmektedir. {lave olarak,
0.30 ve tizeri korelasyon katsayilarina sahip degiskenlerin faktor analizine uygun
olduklarini ancak 0.30’un altinda korelasyon katsayilarina sahip degiskenlerin ise
faktor analizinden cikartilmasi gerektigini de bildirmektedirler. Mevcut ¢aligmada
incelenen toprak ozelliklerinin tamaminin 0.30’un {izerinde anlamli korelasyon
katsayilaria sahip olduklar: gorillmiistiir (Cizelge 4). Korelasyon analizine iligkin
elde edilen bu sonuglar, ¢caligma alanina ait veri setinin, verileri degerlendirmek
i¢in secilen yontemlerden biri olan temel bilesenler analizine uygun oldugunu or-
taya koyarken, 0.30’un tizerinde anlamli korelasyon iligkilerine (p<0.05 ve p<0.01)
sahip olmalari nedeniyle de veri setinde yer alan degiskenlerin tamami temel bile-
senler analizine dahil edilmistir.

Cizelge 4. Incelenen toprak &zelliklerine iliskin korelasyon analizi sonuglart

Table 4. The results of correlation analysis regarding the investigated soil properties

Kil Silt Kum HA TK DSN ysi pH EC oM ™ C/IN
Silt -0.347
Kil -0.697 0.45
HA 0427 -0.25 -0.20
TK 0.28 039" 0.57 0.0%
DSN 0.40 0.14 0.48 0.13 0.79
ysi 0.05 047" -0417 0.02 079" 0.25
pH 0.46™ 0.03 -0467 0.12 0.20 0.18 0.14
EC 0.4% 0.12 0.37 033" 0.04 0.03 010 0.41
oM -0.677 0.24 0457 -0.357 0.07 0.07 0.04 -0.38” 0.57"
™ 0.67 0.32 0.39 0.39 0.0% 0.04 010 0.38 0.65 0.81
C/IN -0.36° 0.01 0337 -0.05 0.00 0.08 -0.08 -0.24 0.15 0.67" 03z’
581 0.70 0.19 0.52 0.36 0.01 0.01 0.00 0.40 0.59 Lo 091 0.66

HA: Hacim agirlig; TK: Tarla kapasitesi; DSN: Daimi solma noktas;; YSI: Yarayish su igerigi; EC: Elektrik-
sel iletkenlik; OM: Organik madde; TN: Toplam azot; C/N: Karbon/Azot orani; SSI: Striiktiir stabilite indeksi.
*:p<0.05; *:p<0.01.

Calisma alani topraklarinin tekstiir bilesenleri (kil, silt ve kum igerikleri)
tizerine farkli sulama suyu uygulamalarinin anlamli istatistiksel etkilerinin bulun-
dugu tespit edilmistir (Cizelge 5). Sulama suyu yonetimlerinden %70 sulama suyu
uygulamasinin, kil ve silt icerigi tizerinde en yiiksek istatistiksel etkiye sahip su-
lama yonetimi oldugu belirlenmistir. Kil icerigi tizerinde en diisitk anlaml etkiye
sahip sulama suyu yonetimi olan %130 sulama suyu uygulamast ile karsilastirildi-
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ginda, %70 sulama suyu uygulamasi ¢alisma alani topraklarinda % 7.0 diizeyinde
anlamli bir degiskenlik (p<0.05) meydana getirmistir. Bununla birlikte, silt icerigi
tizerinde en diisiik anlamli etkiye sahip sulama suyu yonetimi kontrol uygulama-
s1 olurken, %70 sulama suyu uygulamasinin kontrol uygulamasina gére ¢alisma
alan1 topraklarinin silt iceriklerinde % 6.4 diizeyinde anlaml bir farklik (p<0.01)
ortaya koydugu tespit edilmistir. Ayrica kil icerigi iizerine %70 sulama suyu uygu-
lamasi digindaki tim sulama suyu yonetimlerinin etkilerinin, istatistiksel olarak
benzer olduklar: da gortilmistiir. Silt icerigi Gizerine ise kontrol ile %130 sulama
suyu yonetimlerinin en diistik benzer istatistiksel etkiye sahip olduklari belirlenir-
ken, %100 sulama suyu yonetiminin topraklarin silt icerigi izerinde anlamli bir
istatistiksel etkisinin bulunmadig: tespit edilmistir (Cizelge 5). Topraklarin kum
igerikleri izerine sulama suyu yonetimlerinin etkilerine bakildiginda ise kil ve silt
igerikleri izerine olan etkilerin tersine bir etkinin oldugu goriilmektedir. Caligma
alan1 topraklarinin kum igerigi tizerine %70 sulama suyu yonetiminin en diisiik
istatistiksel etkiye sahip oldugu, bununla birlikte diger sulama suyu yonetimleri-
nin tamaminin ise benzer ve en yiiksek anlamli istatistiksel etkiye sahip olduklari
goriilmektedir (Cizelge 5).

Mevcut ¢alismada topraklarin tekstiir bilesenleri ile ilgili elde edilen sonugla-
rin, ¢alisma alaninin aliiviyal bir ova icerisinde yer almasi nedeniyle dogal olarak
ortaya ¢ikan bir sonug olabilecegi gibi sulama suyu yonetimlerinin etkisiyle teks-
tiir bilesenlerinden kil ve silt gibi ince toprak fraksiyonlarmnin yikanma yoluyla
daha alt derinliklere tagimis olabilecegi de degerlendirilmektedir. Kisitli sulama
suyu uygulamasi olan %70 sulama suyu yonetimi ile karsilagtirildiginda, %100 ve
%130 sulama suyu yonetimlerinde topraklara sirastyla %50 ve %100 farklara yakin
oranlarda uygulanan daha fazla sulama suyunun miktarlarinin, killi tin biinyeye
sahip topraklarda kil ve silt gibi ince fraksiyonlar1 daha alt derinliklere yikanmig
olabilecegi diisiiniilmektedir. Nitekim, alt toprak derinliklerinde kil fraksiyonunun
daha yiiksek miktarlarda belirlenmis olmasi da bu degerlendirmeyi destekler bir
nitelik tasimaktadir (Cizelge 5). Farkli sulama suyu yonetimlerinin ¢aligma alani
topraklarinin TK, DSN ve YSI icerikleri iizerinde de anlamli istatistiksel etkileri-
nin (p<0.01) bulundugu ve TK, DSN ve YSI icerikleri tizerinde en yiiksek anlamli
etkilerin % 70 sulama suyu yonetimi tarafindan ortaya konuldugu belirlenmistir.
Ayrica diger sulama suyu yonetimlerinin TK, DSN ve YSI icerikleri iizerine en dii-
stik ve benzer bir istatistiksel etkiye sahip olduklar: da tespit edilmistir (Cizelge 5).
Farkli sulama suyu uygulamalarinin etkisiyle TK, DSN ve YSI iceriklerinde ortaya
¢ikan farkliliklarin birinci derecede toprak tekstiir bilesenlerinden kaynakl: olabi-
lecegi diistiniilmektedir. Topragin tekstiirel 6zelliklerinin toprakta suyun tutulmasi
tizerine olan etkileri yaygin olarak bilinmektedir. Dolayisiyla %70 sulama suyu y6-
netimine gore %100 ve %130 sulama suyu yonetimlerinde daha diisiik miktarlarda
belirlenen kil ve silt iceriklerinin, belirtilen sulama suyu yonetimlerinin uygulan-
dig1 topraklarda TK, DSN ve YSI iceriklerinin de daha diisiik olmasini saglamis
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olabilecegi degerlendirilmektedir (Cizelge 5). Kugtk ve ark. (2022), Samsun ili
Tekkekdy ilcesinde yine bir findik bahgesinde yine benzer sulama suyu yonetimle-
rinin etkilerini aragtirdiklari calismada, farkli sulama suyu yonetimlerinin etkisiyle
topraklarin silt, kum, TK, DSN ve YSI igeriklerinde anlamli degiskenlikler belir-
lediklerini ancak karsin kil iceriginin degiskenliginde sulama suyu yonetimlerinin
etkisinin bulunmadigini bildirmislerdir.

Cizelge 5. Farkli sulama y6netimleri ve toprak derinliklerine bagli olarak top-
rak fiziksel 6zelliklerindeki degisimler

Table 5. Changes in the soil physical properties depending on different irrigation
managements and soil depths

Kil Silt Kum HA TK SN ¥si

(%) (%) (%) (gem) (%) (%) (%)

Sulama Yanetimleri (5Y)

Kontrol 30.8(23) B 450(L7) B 24.2(1.6) A L56(0.1) 259(0.8)B 153(1.2) B 106(1.2) B
% 70 Sulama 322022) A 479(22) A 19.9(2.5)B 1.55(0.1) 303(L4)A 17.4(0.9) A 1259(L.1) A
% 100 Sulama 30.5(2.6) B 458(1.7) AB 237(24) A 1.53(0.1) 257(12)B 145(13) B 107(0.7) B
% 130 Sulama 30.1(33)B 457(2.0) B 2420210 A L51{0.1) 26.6(1.5)B 158(1.0) B 105(1.3) B
Toprak Derinligi (D)
0.0-7.5cm 286(27)b 46.5(2.1) 249(24)a 1L51(0.1) b 27.0(2.9) 15.7(1.6) 113(1.9)
7.5-15.0 cm 3LR(LT)a 457(2.4) 225(27)b L57(0.1) a 27.0(1.8) 16.1(1.3) 10.5(1.2)
15.0-30.0 cm 323(18)a 46.1(2.0) 216(2.5)b 1.54(0.1) ab 274(22) 15.8(1.4) 1L7(L1)

Iki Yénlii Varyans (Two-way ANOVA) Sonuglar:

5Y <005 <0.01 <0.01 ns <0.01 <01 <0.01
D <001 ns <0.01 <0.05 ns Hs ns
SYxD ns ns ns ns ns Hs ns

HA: Hacim agirhg; TK: Tarla kapasitesi; DSN: Daimi solma noktass; YSi: Bitkiye yarayish su igerigi.
Aym siitunda farkli biiyiik ve kiigiik harflerle gosterilen ortalamalar arasindaki fark istatistiksel olarak énemlidir
(p<0.05; p<0.01).

Farkli toprak derinliklerinin ¢alisma alaninda tekstiir bilesenleri tizerine olan
etkileri degerlendirildiginde ise yalnizca kil ve kum igeriklerinin incelenen toprak
derinliklerinin etkisiyle anlaml olarak (p<0.01) degistikleri bulunmustur. Findik
bahgesi topraklarinin kil igeriklerinin alt toprak derinliklerinde (7.5-15.0 cm ve
15.0-30.0 cm), yiizey toprak derinligi (0.0-7.5 cm) ile karsilastirildiginda p<0.01
diizeyinde daha yiiksek oldugu goriilmiistiir. Kil igeriginin aksine findik bahgesi
topraklarinin kum igeriklerinin ise yiizey toprak derinliginde, alt toprak derin-
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liklerine oranla p<0.01 diizeyinde daha yiiksek oldugu belirlenmistir (Cizelge 5).
Topraklarin HA degerleri tizerine toprak derinliklerinin etkileri degerlendirildi-
ginde, artan toprak derinliklerinin etkisiyle HA degerlerinin p<0.05 diizeyinde
anlamli olarak arttig1 goriilmustiir. En disiik ortalama HA degeri, ylizey toprak
derinliginde 1.51 g cm™ olarak belirlenirken, en yiiksek ortalama HA degeri ise
1.57 g cm™ olarak 7.5-15 cm toprak derinliginde 6l¢tilmiistiir. En diisiik ve en
yitksek HA degerlerinin 6l¢iildiigi iki toprak derinligi arasinda HA degerlerinde
meydana gelen %3.97’lik artis p<0.05 diizeyinde anlamli bulunurken, buna karsin
15-30 cm toprak derinliginin toprak HA degerleri tizerine anlamli istatistiksel et-
kisinin bulunmadig tespit edilmistir (Cizelge 5).

Bronick ve Lal (2005), toprak agregatlasmasi ve OM gibi toprak 6zelliklerinin,
arazi kullanim yonetimlerine hizla tepki veren dinamik toprak 6zellikleri oldukla-
rint ancak ozellikle toprak tekstiiriiniin arazi yonetim uygulamalarindan etkilen-
mesi i¢in daha fazla zamana ihtiyaci olacagini ifade etmektedir. Boix-Fayos ve ark.
(2001), kil ve silt fraksiyonlar1 ile OM arasindaki etkilesimlerin, toprak agregatlas-
masinin derecesini etkileyen ozellikler oldugunu rapor etmektedir. Hondebrink
ve ark. (2017) ise yaptiklar1 ¢alismada topraklarin kil veya silt miktarlari ile OM
veya toprak agregasyonu arasinda anlaml bir iliski bulunamadigini ve bu duru-
mun topraklarin ayni tipte olmalar1 nedeniyle topraklarin tekstiirel 6zelliklerin-
deki degiskenligin ihmal edilmesiyle iliskili oldugunu bildirmislerdir. Ayrica HA
ve OM arasinda negatif ve 6nemli bir istatistiksel iliski (p<0.05) bulundugunu da
bildirmislerdir. Bu negatif iligkinin ¢aligmanin yiriitildigi tim meyve bahgeleri
i¢in toprak genetigi ve tekstiiriiniin ayn1 oldugu dikkate alindiginda, OM’nin mi-
neral fazdan daha disiik yogunluga sahip olmasinin yani sira topragin biyolojik
aktivitesini etkilemesi ve bunun sonucunda da toprakta makro gézenek gelisimini
artirmastyla iliskili oldugunu ifade etmislerdir. Farkli toprak tekstiirleri ve yonetim
kosullarinda HA ile OM arasinda negatif iliski oldugunu bulan bagkaca ¢aligma-
larda bulunmaktadir (Jaksik ve ark., 2015; Laudicina ve ark., 2015). Mevcut calis-
mada da toprak tekstiir bilesenlerinden kil icerigi ile OM ve SSI arasinda 6nemli
negatif korelasyon iliskileri (p>0.01) bulunurken, HA ile OM ve SSI arasinda da
p<0.05 diizeyinde 6nemli negatif korelasyon iliskileri oldugu gortlmistiir (Cizel-
ge 4). Peng ve ark. (2013), farkli sulama yonetimlerinin kiraz bahgesi toprak ko-
sullar1 ve sulama suyu etkinligi {izerine etkilerini inceledikleri ¢aliymada, ytizey
alt1 damlama sulama y6netimi altindaki topraklarin HA degerlerini, salma sulama
yonetimi etkisi altindaki topraklarin HA degerlerinden %6.8 daha diisiik bulmus-
lardir. Ayrica artan toprak derinliklerine bagli olarak her iki sulama yonetiminde
HA degerlerinin istatistiksel olarak anlaml diizeyde arttigin1 rapor etmislerdir. Bu
calismada da farkli sulama suyu yonetimlerinin findik bahgesi topraklarinin HA
degerlerini istatistiksel olarak anlamli diizeyde degistirmedigi ancak kontrol yo6-
netimi ile karsilastirildiginda farkli sulama yonetimlerinin (%70, %100 ve %130
sulama suyu) etkisiyle topraklarin HA degerlerinin dists egiliminde olduklar: be-
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lirlenmistir. Peng ve ark. (2013) tarafindan rapor edilen sonuglara benzer sekilde
bu ¢alismada da hacim agirligs ile ilgili sonuglarin artan toprak derinliklerinin
etkisiyle anlamli diizeyde arttig1 gorilmistiir (Cizelge 5). Han ve ark. (2018),
farkli sulama yontemlerinin (yagmurlama, yiizey damlama ve yiizey alti dam-
lama) elma bahgesi topraklar: tizerine etkilerini arastirdiklar: ¢aligmada, yiizey
alti damlama yonteminin topraklarda ayni matrik potansiyelin korunmas i¢in
yagmurlama ve ylizey damlama yontemlerine oranla sirasiyla %37 ve %27 daha
az su tiikettigini rapor etmislerdir.

Farkli sulama suyu yo6netimlerinin ¢alisma alani topraklarinin ortalama pH,
TN ve C/N orani degerleri iizerine p<0.01 diizeyinde, ortalama EC degerleri
tizerine de p<0.05 diizeyinde anlamli istatistiksel etkilerinin oldugu belirlenmis-
tir (Cizelge 6). Caligma alaninda en yiiksek ve en diisiik ortalama pH degerleri,
sirastyla %70 ve %130 sulama suyu uygulamalarinda tespit edilirken, EC ve TN
degerlerinin en yiiksek ve en diigiik degerleri ise her iki toprak ozelligi i¢in benzer
sulama yonetimlerinde elde edilmistir. Bu toprak o6zelliklerine ait en yiiksek or-
talama degerler %130 sulama suyu yonetiminde elde edilirken, en diisiik etkileri
ortaya koyan sulama uygulamasi kontrol uygulamasi olmustur. Ayrica % 70 sulama
suyu yonetiminin, findik bahgesi topraklarinin TN igerigi tizerine %130 sulama
suyu yonetimi ile birlikte en yiiksek etkileri ortaya koyan bir diger sulama yoneti-
mi oldugu da gorillmistiir. Caligma alaninda, farkli sulama suyu yonetimlerinin
etkisiyle en diisiik ve en yiiksek ortalama C/N oranlari ise sirasiyla %130 sulama
suyu ve kontrol uygulamalarinda belirlenmistir. Biitiin bunlarla birlikte findik
bahgesi topraklarinin pH, EC, TN ve C/N orani degerleri tizerine %100 sulama
suyu yonetiminin anlamli bir istatistiksel etkisinin bulunmadig1 da bulunmustur.
Yine pH degerleri tizerine kontrol sulama suyu y6netiminin, EC ve C/N orani
tizerine de %70 sulama suyu yonetiminin istatistiksel bir etkisinin bulunmadig:
tespit edilmistir. Farkli sulama suyu yonetimlerinin ayrica ¢aligma alani toprakla-
rinin OM ve SSI degerleri tizerine herhangi bir anlamli etkisinin bulunmadig da
bulunmustur (Cizelge 6).
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Cizelge 6. Farkli sulama yonetimleri ve toprak derinliklerine bagli olarak top-
rak kimyasal 6zelliklerindeki degisimler

Table 6. Changes in the soil chemical properties depending on different irrigati-
on managements and soil depths

pH EC OM TN C/N Oram SSI

Uygulamal
(dS m™) (%) (%) (%)
Sulama Yonetimleri (SY)
Kontrol 6.67(02) AB 0.14(0.1) B 1.96(0.7) 0.16(0.1) B 6.92(0.9) A 2.60(1.0)
% 70 Sulama 6.74(0.5) A 0.20(0.1) AB 2.18(0.7) 0.20(0.0) A 6.42(1.2) AB 2.74(0.9)
% 100 Sulama 6.60(02) AB 0.23(0.1) AB 1.98(0.9) 0.19(0.1) AB 6.02(0.9) AB 2.63(1.2)
% 130 Sulama 6.40(0.3) B 0.25(02) A 1.95(0.8) 0.20(0.1) A 5.63(1.1) B 2.60(1.1)
Toprak Derinligi (D)
0.0-7.5cm 6.42(0.2) b 0.29(0.1) a 291(0.4) a 0.24(0.0) a 6.99(0.7) a 3.88(0.6) a
7.5-15.0 cm 6.53(0.2) b 0.17(0.1) b 1.78(0.3) b 0.16(0.0) b 6.25(0.9) ab 2.29(0.4) b
15.0-30.0 cm 6.86(0.3) a 0.15(0.1) b 1.37(0.3) ¢ 0.14(0.0) b 551(1.2) b L75(0.4) ¢
Iki Yanlii Varyans (Two-way ANOVA) Sonuglar:

SY =0.01 <0.05 ns <0.01 <0.01 ns
D =0.01 <0.01 <0.01 <0.01 <0.01 <0.01
SYxD ns ns ns ns ns ns

EC: Elektriksel iletkenlik; OM: Organik madde; TN: Toplam azot; C/N Orani: Karbon/Azot Orany; SSI: Striiktiir sta-
bilite indeksi.

Ayni stitunda farkli biiyiik ve kiigiik harflerle gosterilen ortalamalar arasindaki fark istatistiksel olarak 6nemlidir
(p<0.05; p<0.01).

Farkli toprak derinliklerinin ¢alisma alani topraklarinin ortalama pH, EC, OM,
TN, C/N orani ve SSI degerleri iizerine etkileri degerlendirildiginde, toprak de-
rinliklerinin belirtilen toprak ozelliklerinin tamami tzerinde p<0.01 diizeyinde
anlamli degiskenlikler ortaya koyduklar: tespit edilmistir. Yiizey toprak derinligi
(0.0-7.5 cm) ile karsilastirildiginda, artan toprak derinliklerinin (7.5-15.0 cm ve
15.0-30.0 cm) etkisiyle ¢aligma alaninda yalnizca ortalama pH degerlerinin anlam-
l1 diizeyde arttig1, buna karsin diger toprak ozelliklerine ait degerlerin tamaminin
ise istatistiksel olarak azaldig tespit edilmistir (Cizelge 6). En yiiksek ortalama pH
degerlerinin belirlendigi toprak derinligi, 15.0-30.0 cm derinligi olurken, 0.0-7.5
cm ve 7.5-15.0 cm toprak derinliklerinin ortalama pH degerleri {izerine benzer
istatistiksel etkilerinin oldugu da bulunmustur. Ayrica ylizey toprak derinliginin
(0.0-7.5 cm) EC, OM, TN, C/N orani ve SSI degerleri tizerinde en yiiksek istatis-
tiksel etkiye sahip oldugu belirlenirken, 15.0-30.0 cm toprak derinliginin de OM,
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C/N orani ve SSI iizerinde en diigiik istatistiksel etkiye sahip oldugu bulunmustur
(Cizelge 6). Calisma alani topraklarinin pH degerlerindeki azalmalarin, findik
bahgesi topraklarina daha yiiksek oranlarda uygulanan sulama suyu miktarlarinin
yikama etkisinden kaynakli olabilecegi degerlendirilmektedir. %70 sulama suyu
yonetimiyle karsilastirildiginda, topraklara yaklagik iki kat daha fazla miktarda
sulama suyunun uygulandigi %130 sulama suyu y6netiminin topraklardaki bazik
katyonlar1 daha alt toprak derinliklerine yikamis olabilecegi ve bununda toprak
pH’sinin asidik yonde degisimine yol agtig1 degerlendirilmektedir. Toprak tuzlulu-
gu tizerine sulama suyu yonetimlerinin etkileri degerlendirildiginde ise %130 sula-
ma suyu yonetimiyle ¢alisma alani topraklarina uygulanan agir1 miktardaki sulama
suyunun damlatic1 etrafindaki 1slanma cephesinin yaricapini daha fazla genisletti-
¢i degerlendirilmektedir. Genisleyen 1slanma cephesinin etkisiyle sulama suyunun
toprak yiizeyine dogru yukar1 yonlii hareketinin daha fazla arttig1 ve toprak yii-
zeyine ulagan sulama suyunun buharlasmas: sonrasinda da topraklarda tuzlulu-
gunun artmis olabilecegi tahmin edilmektedir. Ayrica killi tin topraga uygulanan
agir1 miktardaki sulama suyunun oransal olarak alt toprak derinliklerine daha fazla
miktarda dagilmis olabilecegi ve bu durumunda yeralti suyu seviyesini yiikselterek
toprakta ikincil bir tuzlanmaya yol agmus olabilecegi de degerlendirilmektedir. Ca-
ligma alani topraklarinin TN igeriginde meydana gelen degisimlerin ise 6ncelikli
olarak sulama suyu yonetimlerinin TN icerigine olan dogrudan etkilerinden daha
ziyade sulama suyu yonetimlerinin OM iceriginde meydana getirdigi degisimleri
ile ilgili oldugu diisiiniilmektedir. Kontrol uygulamasiyla karsilastirildiginda farkly
sulama suyu yonetimlerinin etkisiyle topraklarin OM igeriginde istatistiksel olarak
anlamsiz ancak oransal olarak meydana gelen artiglarin ayn: zamanda topraklarin
TN igeriklerini de artirmis olabilecegi degerlendirilmektedir.

Bedbais ve ark. (2014), Tunus'ta dort yil stireyle kumlu tekstiire sahip bir zey-
tin bahgesinde yiirtitmiis olduklar: ¢alismada, farkli kalitede sulama suyu yo6ne-
timlerinin etkilerini arastirmislar ve iyilestirilmis atik suyla sulanan topraklarin
pH degerlerinde istatistiksel olarak onemli bir diisiis, EC ve OM degerlerinde ise
onemli bir artis bulmuslardir. Alnaim ve ark. (2022)da otomatik sulama sistem-
leri ve su rejimlerinin etkilerini arastirdiklar: calismada, artan toprak derinligiyle
birlikte topraklarin EC degerlerinin arttigini, pH degerlerinin ise azaldigin1 bildir-
mektedir. Bu ¢alismada pH ve EC ile ilgili elde edilen sonuglarin, Alnaim ve ark.
(2022) tarafindan bildirilen sonuclardan farkliliklar gésterdigi ve mevcut ¢alisma-
da toprak derinliklerinin etkisiyle pH degerleri artarken EC degerlerinin azaldig1
gozlemlenmistir (Cizelge 6). Topraklarin C/N orani, topraga ilave olan bitki kalin-
tilarinin ve organik atiklarin ayrigma siiregleri igin iyi bir gostergedir. Gullickson
(2019), toprak siirdiiriilebilirliginde toplam organik karbon (TOC) ve TN icerik-
lerinin 6nemli bir rol oynadigini ve toprak sagliginin korunmasi igin topraklar-
da C/N oraninin diisiik olmasi gerektigini 6nermektedir. Tirado-Corbala ve ark.
(2019), bir nar bahgesinde yiizey ve ylizey alti damla sulama yonetimlerinin etkile-
rini karsilastirdiklar1 ¢aliymada, 0-75 cm toprak derinliginde yiizey damla sulama
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yOnetimi altindaki topraklarin daha yitksek TN ve TOC igeriklerine sahip oldugu-
nu bulmuslardir. Geleta ve ark. (1994) ise damla sulama y6netimi uygulandigin-
da topraktan TN ve nitrat (NO,) kayiplarinin azaldigini ifade etmislerdir. Blan-
co-Canqui ve ark. (2010), ekili arazilerde uzun stireli (> 5 yil) yiirtitmiis olduklari
caligmada, kisith sulama yonetiminin TOC igerigi ve suya dayanikli agregat stabi-
litesi tizerine olan etkilerini aragtirmiglar ve uygulanan sulama hacminin artmasi
(66 mm yil"dan 217 mm yil'"a) sonrasinda topraktaki makroagregat miktarinin
arttigini bildirmislerdir. Garcia-Franco ve ark. (2021), 17 yasindaki bir narenciye
bahgesinde yogun toprak isleme ile salma sulama yonetiminin etkilerini karsilas-
tirdiklar1 denemede, bitki atiklarinin karigtirilmasi ve azaltilmig toprak isleme ile
kombine edilen damla sulama yonetimi altindaki topraklarda toprak striiktiiriiniin
iyilestigini ve TOC tutulumunun arttigini ortaya koymuslardir. Jia ve ark. (2018),
kisith sulama ve giibreleme stratejilerini arastirdiklar iki yillik ¢alismada, kisitl
sulama yonetimlerinin ilk yilin aksine ikinci yilda TOC ve TN igeriginde anlaml
degisiklikler meydana getirdigini bildirmislerdir. Zarnoza ve ark. (2018)'da sulama
suyu miktarindaki azalmalarin TOC dongiisii tizerine pozitif etkilerinin olabile-
cegini bildirmektedir. Mevcut ¢alismada sulama suyu yonetimlerinin OM (/TOC)
icerigi tizerine anlaml etkileri bulunamamis olmasina kargin sulama suyu mik-
tarinin azaltildigi kisith sulama suyu uygulamasi olan %70 sulama suyu yonetimi
altindaki topraklarin OM igeriklerinin en yiiksek oldugu gortilmiistiir (Cizelge 6).
Hondebrink ve ark. (2017) C/N orani1 >60 gibi yiiksek degerlerin nispeten ayrisma-
y1 yavaglattigini ve OM’nin yavas doniigiimiine yol a¢tigini, buna karsin 10-20 gibi
diisitk C/N oranlarinin ise topraga ilave olan organik atiklarin ayrismasini hizlan-
dirdigini ifade etmiglerdir. Ge ve ark. (2015), sicak iklimlerdeki elma bahgelerinde
yaptiklari ¢aligma sonunda C/N oraninin 6.1-9.5:1 arasinda degistigini, Bangroo
ve ark. (2018)da Cinde elma bahgelerinde yaptiklar1 ¢aligmada C/N oranini 10-
19:1 arasinda bulduklarini rapor etmislerdir. Garcia-Gil ve ark. (2004) ise Akdeniz
bolgesindeki tarimsal sistemlerde C/N oranlarinin 5-16:1 arasinda degistigini bil-
dirmislerdir. Yukarida sunulan sonuglarin bu ¢alismada elde edilen C/N oranlar1
ile 6nemli benzerlikler gosterdigi goriilmektedir (Cizelge 6).

Caligma alanina yonelik yiiriitiilen temel bilesenler analizinde, toprak 6zellikleri
tizerine farkli sulama suyu yonetimleri ve toprak derinliklerinin birlestirilmis et-
kilerini gosteren veri seti kullanilmis ve temel bilesenler analizi sonrasinda elde
edilen sonuglar da Cizelge 7de sunulmustur. Temel bilesenler analizinde belirlenen
temel bilesenler, yiiriitiilen ¢aligmaya ait belirli bir varyansi agiklarken, 6z degerler
ise her bir temel bilegen tarafindan agiklanan varyans miktarini gostermektedir
(Mikha ve ark., 2024). Mevcut ¢alismada 6z degeri >1 olan dort farkli temel bile-
sen belirlenmis ve bu temel bilesenler veri setine ait toplam varyansin %82.93’tinii
aciklamiglardir (Cizelge 7). Ayrica belirlenen dort temel bilesen sirasiyla ayri ayr1
olarak toplam varyansin %38.87 (TB1), %21.81 (TB2), %13.10 (TB3) ve %9.15
(TB4)’ini agikladiklar: tespit edilmistir. Mikha ve ark. (2024) temel bilegenler ana-
lizi sirasinda belirlenen 6z degerlerin, yonetimlerden (degiskenlik kaynaklarindan)
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etkilenen degiskenligin agiklanmasinda her bir temel bilesenin 6nemini yansitti-
g1n1, 6z vektorlerin ise temel bilesenin olusturulmasinda her bir orijinal degiskene
(toprak ozelligine) atanan agirliklar: veya katsayilar: gosterdigini ifade etmislerdir.

Cizelge 7. Caligma alani toprak ozelliklerine iligkin temel bilesenler analizi sonuglar1

Table 7. The results of principal component analysis regarding the soil properties
of the study area

Temel Bilesenler TB1 TB2 TB3 TB4
Oz Deger 4.28 2.40 1.44 1.01

Oransal Varyans (%) 38.87 21.81 13.10 9.15

Eklemeli Varyans (%) 38.87 60.68 73.78 82.93
Oz Vektorler

C/N Orani 0.994

SSI 0.816

OM 0.805

TK 0.949

DSN 0.941

Kum -0.605

Kil 0.474

Silt -0.887

HA 0.698

EC -0.844
pH 0.807

TB: Temel bilegen, SSI: Striiktiir stabilite indeksi; OM: Organik madde; TK: Tarla kapasitesi; DSN: Daimi solma nok-
tasy; HA: Hacim agirligs; EC: Elektriksel iletkenlik.

Temel bilesenler analizinde degiskene atanan 6z vektorler, ayni zamanda degis-
ken ile temel bilesen arasindaki iligkinin yoniint gostermektedir. Mevcut ¢aligma-
da yiirtitiilen temel bilesenler analizi sonucunda toprak 6zelliklerinden C/N orani,
SSIve OM, TB1le degisken olarak segilirken, bu degiskenlere atanan 6z vektorlerde
toprak ozelliklerinin TB1%e pozitif yonde katkilarinin oldugunu gostermistir. Ay-
rica degisken olarak atanan toprak o6zelliklerinin ortaya koydugu bilgiler dikka-
te alindiginda TB1’in findik bahgesi topraklarina ait toprak striiktiirii ve agregat
olusumuna yonelik degiskenlikleri agikladig1 degerlendirilmektedir. Toprakta OM
diizeyi arttik¢a toprak yogunlugundaki diisiis, toprak OM’sinin topragin striiktiir
stabilitesi tizerindeki olumlu etkisine atfedilmektedir (Aragon ve ark., 2000).

Caligmanin yuritildagi findik bahgesi topraklarina ait ikinci en yiiksek de-
giskenligi aciklayan TB2’ye ise toprak ozelliklerinden TK, DSN, kum igerigi ve
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kil icerigi degisken olarak segilirken, kum igeriginin TB2’ye negatif yonde katki
verdigi buna karsin diger toprak 6zelliklerinin pozitif yonde katkilarinin oldugu
tespit edilmistir. Temel bilesen 2 (TB2)’ye degisken olarak atanan toprak ozellik-
leri dikkate alindiginda TB2'nin findik bahgesi topraklarinin su tutma kapasitesi
ve bitkiye yarayish su igerigine ait degiskenligi agikladig1 degerlendirilmektedir.
Findik bahgesi topraklarina ait en yiitksek tigiincii degiskenlik aciklayan TB3% ise
silt icerigi ve HA gibi toprak ozellikleri degisken olarak atanmiglardir. Silt icerigi
TB3% negatif yonde katki verirken HAnin katkisinin pozitif yonde oldugu tespit
edilmistir. Temel bilesen 3 (TB3)e degisken olarak atanan toprak o6zelliklerinin
aciklamig oldugu bilgiler esas alinarak TB3’iin ¢alismanin yiritildigi findik bah-
¢esinde toprak yogunluguna iliskin degiskenlikleri acikladig: degerlendirilmekte-
dir. Toprak yogunlugu, yonetim uygulamalarinin yani sira topragin mineral iceri-
i, tekstiir ve OM gibi toprak 6zelliklerinin (Brady ve Weil, 2008) etkisiyle onemli
olgiide degisebilmektedir. Broch ve Klein (2017) topraklarin silt igerigi, silt+kil ice-
rigi ve OM igerigi arttik¢a toprak yogunlugunun 6nemli 6l¢tide azaldigini bildir-
mektedir. Mevcut ¢aligmada da toprak ozelliklerine ait korelasyon iliskileri ince-
lendiginde silt icerigi ve HA arasinda anlamli olmayan ancak negatif bir korelasyon
iligkisinin bulundugu gorilmektedir (Cizelge 4). Caligmada belirlenen TB4e pH
ve EC degisken olarak atanmiglar ve TB4'e pH’nin pozitif yonde EC’nin ise negatif
yonde katkisinin bulundugu belirlenmistir. Temel bilesen 4 (TB4)e atanan toprak
ozelliklerinin agiklamis oldugu bilgiler dikkate alindiginda TB4%in findik bahgesi
topraklarinin asitligine yonelik degiskenligi acikladig1 degerlendirilmistir.

4. SONUC VE ONERILER

Bu calisma, uzun siireli farkli sulama suyu yonetimlerinin toprak fiziksel ve
kimyasal ozellikleri tizerinde 6nemli degiskenlikler meydana getirdigini goster-
mistir. Incelenen fiziksel ve kimyasal toprak ozellikleri iizerine en fazla sayida en
yiiksek anlamli etkiler ortaya koyan uygulama %70 sulama suyu yonetimi olurken,
kontrol (¢ift¢i kosullar1) ve %130 sulama suyu yonetimleri en fazla sayida en diigiik
anlamli etkilere sahip uygulamalar olmuslardir. %70 sulama suyu yonetimi altin-
daki topraklarin silt ve kil igerikleri en yiiksek bulunurken ayni sulama yonetimi
YSI de en fazla artiran uygulama olmustur. Toprak asitligi iizerine kontrol uygu-
lamasinin etkisi bulunmazken, %100 ve %130 sulama suyu y6netimlerinin toprak
asitligini artirict yonde etkilerinin oldugu goriiliirken, % 70 sulama suyu yo6neti-
minin nétr toprak pH’s1 yoniinde etkileri ortaya ¢ikmistir. Kontrol uygulamas ile
kiyaslandiginda, toprak tuzlulugu tizerine diger sulama suyu yonetimlerinin an-
lamli etkileri bulunmamasina karsin %130 sulama suyu yonetiminin findik bahge-
si topraklarinin tuzlulugunu artirma yoniinde bir egiliminin oldugu belirlenmistir.
Toprak tuzlugundaki artismn %130 sulama suyu yonetiminde uygulanan yiiksek
miktardaki sulama suyu sonrasinda yiikselen taban suyu seviyesi ve buharlasma
stireglerinin ortak bir etkisi olabilecegi degerlendirilmektedir. Farkli sulama suyu
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yonetimlerinin findik bahgesi topraklarinin OM igerikleri tizerine anlamli etkileri
bulunmamasina karsin %70 sulama suyu yonetimi yine en yiiksek OM igeriginin
belirlendigi uygulama olmustur. Bunun yani sira ayni sulama suyu y6netimi altin-
daki topraklarda TN, C/N orani ve SSI'nin yiiksek degerler aldig1 da gorilmistiir.

Caligmanin uygulama konular1 olan sulama suyu yonetimleri ve toprak or-
nekleme derinliklerinin kombine etkilerine iliskin degerlendirmeler yapan temel
bilesenler analizi ile findik bahgesi topraklarinin toprak striiktiir gelisimi, toprak
suyu, toprak yogunlugu ve toprak asitligine yonelik bilgileri ortaya konulmustur.
Temel bilesenler analizi sirasinda degisken olarak atanan ve temel bilesenlere po-
zitif yonde katki veren toprak 6zelliklerinin énemli bir kisminin yine %70 sulama
suyu yonetiminde yiiksek degerler aldig1 gériilmektedir. Ortaya konulan biitiin bu
sonuglar sonrasinda ¢alismanin yiiriitiildigt findik bahgesinde toprak ozellikleri-
nin gelisimi agisindan %70 sulama suyu yonetiminin en uygun sulama yénetimi
oldugu 6nerilmektedir.
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EGE BOLGESI’NDEKI ISPANAK URETICILERININ ZiRAI ILAC
KULLANIMINA YONELIK TUTUMLARININ INCELENMESI

0z

Diinya 2021 yili 1spanak tiretim miktari 32,294,452 ton olup, Tiirkiye'nin diinya
1spanak iiretiminden aldig1 pay %0.68dir. Aragtirma kapsaminda yer alan Izmir,
Aydin ve Manisa illerinde ise 2022 yilinda Tiirkiye 1spanak {iretiminin %28.961
gerceklestirilmistir. Bu arastirmanin temel amaci 1spanak ireticilerinin zirai ilag
kullanimina yénelik tutumlarinin ortaya konulmasidir. Arastirma verilerini Izmir
(32 tretici), Aydin (17 iretici) ve Manisa (16 tretici) illerinde bulunan 65 1spa-
nak ireticisiyle yliz ylize yapilan anketlerden elde edilen veriler olusturmaktadir.
Incelenen isletmeler isletme biiyiikliigiine ve illere gore gruplandirilarak gruplar
arasindaki farkliliklar istatistiksel olarak test edilmigtir. Aragtirma sonuglarina
gore 1spanak iireticilerinin zirai miicadelede ruhsatli ilaglari kullanmaya ve ilaglar:
ruhsatli oldugu dozda kullanmaya 6nem verdikleri saptanmustir. Bununla birlikte
tireticiler agisindan zirai ila¢ kullaniminda karsilagilan en énemli sorun ilag fiyat-
larinin yiiksek olmasidir. Ureticilerin %92.31’inin yabanci otlarla miicadelede zirai
ilaglar tercih ettigi g6z 6ntinde bulunduruldugunda, bu sorunun ¢éziimiine yo6-
nelik politikalar gelistirilmesi 6nem arz etmektedir. Ayrica tireticilerin bilgi sahibi
olmak istedikleri konular arasinda ilaglamanin ilk sirada yer almasi, ilaglamaya
yonelik egitim ve yayim faaliyetlerinin artirilmasinin 6nemini gostermektedir.

Anahtar Kelimeler: Ege Bolgesi, Ispanak Uretimi, Uretici Tutumu, Zirai ilag
Kullanimu.

ek

EXAMINATION OF THE ATTITUDES OF SPINACH
PRODUCERS IN THE AEGERN REGION REGARDING
AGRICULTURAL PESTICIDE USAGE

ABSTRACT

In 2021, the global spinach production amounted to 32,294,452 tons, and Tur-
key's share of the global spinach production was 0.68%. Within the scope of the
research, in the provinces of Izmir, Aydin, and Manisa, 28.96% of Turkey's spinach
production was achieved in 2022. The main objective of this research is to reveal
the attitudes of spinach producers regarding agricultural pesticide usage. The rese-
arch data is based on face-to-face interviews conducted with 65 spinach producers
in Izmir (32 producers), Aydin (17 producers), and Manisa (16 producers). The
farms were grouped according to farm size and provinces, and differences betwe-
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en the groups were statistically tested. According to the research results, spinach
producers prioritize using licensed pesticides in agricultural pest control and using
pesticides at the recommended dosage. However, the most significant issue en-
countered by producers in terms of pesticide usage is the high cost of pesticides.
Considering that 92.31% of producers prefer using pesticides in weed control, de-
veloping policies to address this issue is crucial. Additionally, the fact that produ-
cers prioritize knowledge about pesticide application underscores the importance
of increasing pesticide-related education and extension activities.

Keywords: Aegean Region, Spinach Production, Producer Attitude, Agricultu-
ral Pesticide Usage.

1. GIRIS

Diinya 2021 yili ispanak tiretim miktar1 32.294.452 tondur. Tirkiye ise bu do-
nemde 218.355 ton 1spanak {iretimiyle diinya tiretiminde %0.68’lik paya sahiptir
(FAO, 2023). Tiirkiyede 2022 yili 1spanak iiretim miktari ise 230.071 tona ytiksel-
mis olup, Ege Bélgesinin bu iiretimden aldig1 pay %32.79dur. Ayni yilda izmir,
Manisa ve Aydin illerinde iiretilen 1spanak miktari ise sirasiyla 50.300 ton, 9.750
ton ve 6.753 tondur (TUIK, 2023). Bu veriler degerlendirildiginde Izmir, Mani-
sa ve Aydinda tretilen toplam 1spanak miktar1 Ege Bolgesi 1spanak iiretiminin
9%88.30’unu; Tiirkiye 1spanak tiretiminin ise %28.96’sin1 olusturmaktadir.

Bitkisel iiretimin 6nemli girdilerinden biri olan zirai ilaglar 1spanak tiretiminde
de verimliligi artirmak ve zararlilarla miicadele etmek amaciyla kullanilmaktadir.
Zirai ilaglarm kullanimi verimliligi artirip hastaliklar: ve zararlilar1 6nlerken, bi-
lingsiz sekilde kullanimi ekonomik ve ¢evresel zararlara neden olmaktadir (Gii-
venir ve ark., 2023). Bu zararlarin 6nlenmesinde tireticilerin gevresel duyarlilig:
onem kazanmaktadir. Oysa yapilan ¢alismalar (Ozalp ve Giildal, 2017; Demircan
ve Yilmaz, 2005; Peker, 2012; Gedikli ve ark., 2015; Kili¢ ve ark., 2018), iretici-
lerin ¢evresel duyarlilik konusunda yeterli 6zeni gostermediklerini ortaya koy-
maktadir. Ozalp ve Giildal (2017) tarafindan Adana ilinde yapilan ¢alismada misir
tireticilerinin tohum ve kimyasal giibrenin yani sira ilag kullaniminda da ¢evreye
ve insan sagligina duyarli olmadiklar: belirlenmistir. Demircan ve Yilmaz (2005)
tarafindan Isparta ilinde elma tiretimine yonelik yapilan ¢alismada zirai ilaglarin
onerilen dozlardan daha fazla kullanildig: ve dekara kullanilan ortalama ilag mali-
yetinin %48.37’sinin asir1 kullanimdan meydana geldigi saptanmustir. Peker (2012)
tarafindan Konya ilinde domates tiretimine yonelik yapilan ¢aligmada {ireticile-
rin %56’1 ilaglama sonrasinda ambalajlar1 ¢evreye attiklarini belirtmistir. Gedikli
ve ark. (2015) tarafindan Samsun ilinde geltik, misir ve bugday tiretimine yonelik
yapilan ¢aligmada ise iireticilerin %67.67’sinin ilaclamadan sonra ila¢ ambalajlari-
n1 yakarak, %26.26’sin1in topraga gomerek ve %6.06’sinin posetlenmis sekilde ¢6p
kutusuna atarak imha ettiklerini belirlemislerdir. Kilig ve ark. (2018) ise Giresun
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ilinde findik tretimine yonelik yaptiklar: ¢aliymada, iireticilerin %66’sinin ilag-
lamadan sonra ila¢ ambalajlarini yaktigini, %24’tiniin posetlenmis sekilde ¢6p
kutusuna attigini, %8’inin topraga gomdugiini ve %2’sinin diizensizce ¢evreye
attigini belirlemislerdir.

Literatiirde bir¢ok tirtine iligkin tireticilerin zirai ila¢ kullanimina yonelik tu-
tum ve davranislarinin incelendigi ¢aligmalar bulunmaktadir. Ngowi (2003), Tan-
zanyada kahve tiretiminde; Parveen ve ark. (2003), Japonyada piring tiretiminde;
Damalas ve ark. (2006), Yunanistanda tiitiin tiretiminde; Ibitayo (2006), Misirda
mustr diretiminde; Obopile ve ark. (2008), Botsvanada sebze iiretiminde ve Chen
ve ark. (2013), Cinde pamuk tiretiminde {ireticilerin zirai ila¢ kullanimina yonelik
tutum ve davranislarini ortaya koymuslardir.

Tiirkiyede de bu konuda ¢ok sayida ¢alisma yapilmistir. Bu ¢alismalar deger-
lendirildiginde Ozkan ve ark. (2003), Antalya ilinde turunggil iiretiminde; Demir-
can ve Aktas (2004), Isparta ilinde, Kaplan ve Ayaz (2023) ise Mardin ilinde kiraz
tiretiminde; Celik ve Karakaya (2017), Bingdl ilinde elma iiretiminde; Kizilaslan ve
Somak (2013), Tokat ilinde tiziim tiretiminde; G6zener ve ark. (2017), Tokat ilinde
domates iiretiminde; Erbek ve ark. (2018), Bursa ilinde, Aydin Eryilmaz ve ark.
(2021) ise Zonguldak ilinde meyve iiretiminde; Caligkan (2022), Konya ve Ankara
illerinde havug iiretiminde; Ince (2022) ise Bursa ilinde zeytin iiretiminde iiretici-
lerin zirai ilag¢ kullanimina yonelik tutum ve davraniglarini incelemislerdir.

Farkli bolgelerde ve farkli iirtinlerde iireticilerin zirai ila¢ kullanimina yonelik
tutum ve davraniglarinin incelenmesi iiriine ve bolgeye 6zgii politikalar gelistirilebil-
mesi agisindan 6nem arz etmektedir. Bu aragtirmanin amacy; Ege Bolgesindeki 1spa-
nak iireticilerinin zirai ila¢ kullanimina yonelik tutumlarinin ortaya konulmasidir.

2. MATERYAL VE YONTEM

2.1. Materyal

Bu ¢aligmanin ana materyalini {zmir, Aydin ve Manisa illerinin secilmis
koylerinde 1spanak iiretimi yapan treticilerle yiiz yiize yapilan anketlerden elde
edilen birincil veriler olusturmaktadir. Bununla birlikte 6nceden yapilmis bilim-
sel caligmalar, istatistikler ve konuyla ilgili basilmis kitaplar ¢aligmanin ikincil
verilerini olugturmaktadir.

Aragtirmada anket yapilacak 6rnek hacmi hesaplanirken oransal 6rnek hacmi
formiiliinden yararlanilmistir (Newbold, 1995).
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_ Np(1—p)
(N —-1oj +p(1—-p)

n

Formiilde;
n = Ornek hacmi,
N = Toplam treticisi say1s1,

p = Ornege girecek iireticilerin oran1 (Uzerinde ¢alisilan 6zelligin ana kitlede
rastlanma olasiligini ifade eden p degeri, maksimum 6rnek hacmine ulagabilmek
amaciyla 0.50 olarak alinmaistir)

2 _

g, = Oranin varyansidir (Giiven seviyesi ve hata payina gore belirlenmistir).

%90 giiven seviyesi ve %10 hata payina gore;

ZﬂfZO—P =r
1.6450, = 0.10

a, = 0.06079

[zmir, Aydin ve Manisa Tarim ve Orman Miidiirliikleri 2022 yili verilerine
gore, bu illerde 1spanak iiretimi yapan toplam tretici sayisi 1,070 olup, bu say1 ana
kitleyi olusturmaktadir. Buna gore goriisiilmesi gereken tretici sayis1 %90 giiven
seviyesi, %10 hata payu ile 65 {iretici olarak hesaplanmistir. Bu deger ilgedeki {ire-
tici sayilarina oranlandiginda Izmirde 32, Aydinda 17 ve Manisada 16 iiretici ile
goriisiilmesine karar verilmistir. Her koyden kapsama alinacak tretici sayisinin
belirlenmesinde, toplam tretici sayist icerisinde koylerin paylari esas alinmistir.
Anket formlar1 aragtirma kapsaminda yer alan illerin Il Tarim ve Orman Miidiir-
lagii teknik elemanlar: tarafindan doldurulmustur.

2.2.Yontem

Ureticilerle 2022 yili Subat-Nisan aylar1 arasinda yapilan goriismelerden elde
edilen anket verileri yiizde hesaplar1 ve ortalamalar gibi temel istatistiksel yontem-
lerle degerlendirilmis olup, elde edilen sonuglar ¢izelgelerde gosterilmistir. Verile-
rin analizinde SPSS istatistik programindan yararlanilmigtir. Incelenen isletmeler
isletme buytikliigiine ve illere gore gruplandirilarak gruplar arasindaki farkliliklar
istatistiksel olarak test edilmistir. Normal dagilis gostermeyen ve varyans: homo-
jen olmayan siirekli degiskenler i¢in ikiden daha fazla grubu karsilastirmak ama-
cryla Kruskall-Wallis H testi uygulanmigtir. Ayrica kesikli degiskenlerin analizinde
gruplar: karsilagtirmak icin Ki-kare testinden yararlanilmistir.
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Ankete katilan treticilerin ilgili ifadelerde 6nem verdikleri diizeyin degerlen-
dirilmesinde likert 6l¢egi kullanilmistir. Likert 6lcegine gore, tutum olgeginde yer
alan ifadeler besli likert dlcegine gore (1. Kesinlikle katilmiyorum - 5. Kesinlikle
katiliyorum) degerlendirilmistir.

Arastirmada elde edilen analiz sonuglariyla 1spanak tireticilerinin demografik
ozellikleri, 1spanak tiretiminde karsilastiklari sorunlar, zirai miicadele yontemleri,
zirai miicadeleye yonelik tutumlari, gesitli konularda bilgi kaynaklari, pazarlama
sorunlari ve risk kaynaklari gibi unsurlar ortaya konulmustur.

Arastirma kapsaminda Izmirde 32, Aydinda 17 ve Manisada 16 iireticiyle yiiz
yiize anketler yapilmistir. Analiz asamasinda isletmeleri sahip olduklar1 1spanak
tiretim alanmin buytikliigiine gore degerlendirmek amaciyla ti¢ farkli grup olustu-
rulmustur. Buna gore birinci grupta (10 daa ve altinda) 22, ikinci grupta (11-49 daa
arasinda) 24 ve iigiincii grupta (10 daa ve tistiinde) 19 isletme yer almgtir.

3. BULGULAR VE TARTISMA

Ureticilerin demografik 6zellikleri incelendiginde yas ortalamasinin 49, egitim
durumunun 6.54 y1l, ailedeki birey sayisinin 3.65, tarimsal iiretim deneyiminin
30.62 yil ve 1spanak iiretim deneyiminin 20.18 yil oldugu tespit edilmistir. Illere
gore treticilerin yagi, tarimsal tiretim deneyimi ve 1spanak iiretim deneyimi agi-
sindan istatistiksel olarak farklilik olmadigi saptanmustir. Bununla birlikte egi-
tim durumu (x* = 7.751, p = 0.021) ve ailedeki birey say1s1 (x* = 5.348, p = 0.069)
acisindan iller arasindaki farklilik istatistiksel olarak anlamli bulunmustur. Buna
gbre Manisa ve Izmirdeki iireticilerin egitim siiresi Aydindaki iireticilerden daha
yiiksek iken, Izmirdeki iireticilerin ailedeki birey sayisinin Aydindaki iireticilerden
daha fazla oldugu belirlenmistir (Cizelge 1). Arastirma alanindaki isletmelerde go-
riigiilen iireticilerin sadece ikisi kadin olup, bu iireticiler 1spanak {iretimini Izmir
ilinde gerceklestirmektedirler. Kadin {iretici sayisinin az olmast gesitli faktorlerle
iliskilendirilebilir. Levent ve Aydin (2021), yaptiklar1 ¢aliymada kadinlarin tarim
sektoriinden uzaklasarak kente go¢ etmeleriyle birlikte hizmet sektoriinde daha
¢ok yer aldiklarini saptamuslardir. Ayrica bu déntistimde kiiltiirel, toplumsal ve 6r-
glitsel faktorlerin etkisinin oldugu belirtilmistir.
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Cizelge 1. {llere gore iireticilerin demografik 6zellikleri

Table 1. Demographic characteristics of producers by province

fzmir (32) Aydn (17) Manisa (16) Genel (65)
Oueltter Ort Hi‘l: Min Maks Ort Hi:: Min  Maks Ort HSI:: Min Maks Ort Hi: Min Maks
Yag (yil) 51.09 213 27 70 4859 Led 37 59 4525 277 22 63 49.00 133 n 70
Ejitim Durumu (yil)** 6.63% 0.49 0 12 5.18% 0.18 5 8 781 0.95 5 15 654 035 0 15
Ailedeki Birey Sayisi* 397 026 2 8 3.00° 026 2 5 369" 0.33 2 6 365 017 2 8
Tanmsal Uretim Deneyimi (yil) ~ 32.91 212 & 52 2994 229 10 41 2675 279 10 40 30.62 140 8 52
Ispanak Uretim Deneyimi (yil) 2034 218 2 50 19.88 225 10 40 2019 268 B 40 20.18 137 2 50

Kruskal Wallis H testine gore gruplar arasindaki fark **p<0.05; *p<0.1 diizeyinde anlamlidur.
> Ayni harfe sahip iller arasinda fark yoktur.

Ispanak tiretim deneyimi acisindan isletme bityiiklikleri arasindaki farklilik
istatistiksel olarak anlamli (x* = 6.758, p = 0.034) bulunmustur. Buna gére 50 daa
ve iistiinde 1spanak iiretim alanina sahip iireticilerin 1spanak tiretim deneyiminin
(25.26 y1l) 10 daa ve altinda 1spanak iiretim alanina sahip tireticilerden daha fazla
oldugu saptanmigtir (Cizelge 2).

Cizelge 2. Isletme biiyiikliiklerine gore iireticilerin demografik 6zellikleri

Table 2. Demographic characteristics of producers by farm size

<10 daa (22) 11-49 daa (24) 250 daa (19) Genel (65)
Oreliker ort :::1 Min Maks Ort ::‘:x Min Maks Ort [::‘:‘ Min  Maks Ot :;‘:a Min  Maks
Yag (yil) 4859 224 27 70 4900 246 22 69 4947 2 29 65 4900 133 22 70
Egitim Durumu (il 555 045 0 12 675 063 5 15 742 07 5 15 654 035 0 15
Alledeki Birey Sayis: 350 031 2 8 358 029 2 7 38 02 2 6 365 07 2 ]
Tanmsal Uretim Deneyimi ()~ 2209 255 10 50 3121 234 8 52 3L63 245 10 50 3062 140 8 52

Ispanak Uretim Deneyimi (yl)** 1568 221 2 40 2029 204 3 40 2526 262 i1y 50 2048 137 2 50

Kruskal Wallis H testine gore gruplar arasindaki fark **p<0.05 diizeyinde anlamlidur.
% Ayni harfe sahip isletme bityiikliikleri arasinda fark yoktur.

Ispanak iireticilerinin 44’ kooperatif iiyesi olup, bunlarin %81.82’i (36 tiretici)
Tarim Kredi Kooperatifine iiyedir. Uye olunan diger kooperatifler ise Tarim Satis
Kooperatifi (5 iiretici) ve Tarimsal Kalkinma Kooperatifidir (3 iiretici). Ozellikle
biiyiik 6l¢ekli isletmelerde (250 daa) kooperatiflere tiye olma oraninin daha diigiik
oldugu saptanmustir. Bununla birlikte kiiclik (<10 daa) ve orta (11-49 daa) 6lgekli
isletmelerde Tarim Kredi Kooperatifine tiye olma orani diger kooperatif iiyelikle-
rine gore daha yiiksektir (Cizelge 3). Ayrica arastirmada tireticilerin Tarim Kre-
di Kooperatifine iiye olma durumunu isletme biiyiikliigiine gére karsilastirmak
amaciyla Ki-kare testi yapilmistir. Buna gore isletme 6lgegi arttikca Tarim Kredi
Kooperatifine iiye olma oraninin azaldig1 ve iiyelik agisindan iireticiler arasinda
istatistiksel olarak farklilik (x* = 5.336, p = 0.069) oldugu saptanmistir. Tarim Kredi
Kooperatifine iiye olanlarin orani 10 daa ve altinda i1spanak {iretim alanina sahip

ANAJAS, 2024, Cilt 39, Sayi 1, Sayfa 113-128



Duran GULER, Yildiz SOKAT, Meral ZCEKICI, Yasemin OZKUL, Derya EZBER, Nagihan OZEL

isletmelerde %72.73 iken, 50 daa ve tstiindeki isletmelerde %36.84’tiir. Bu bulgu
tireticilerin finansal ihtiyaclarinin 6rgiitlenme tercihlerini etkiledigini gostermek-
tedir. Nitekim {tireticiler acisindan Tarim Kredi Kooperatifleri iyi bir alternatif fi-
nans kaynagi olarak goriilmektedir (Engin ve Ozdemir, 2022).

Cizelge 3. Ureticilerin kooperatif iiyeliklerine gore dagilimi

Table 3. Distribution of producers by cooperative membership

. <10 daa (22) 11-49 daa (24) >50 daa (19) Genel (65)
Kooperatif Uyeligi
Say1 % Say1 % Say1 % Say1 %
Tarim Kredi Kooperatifi 16 84.21 13 76.47 7 87.50 36 81.82
Tarim Satig Kooperatifi 2 10.53 2 11.76 1 12.50 5 11.36
Tarimsal Kalkinma Kooperatifi 1 5.26 2 0.00 0 0.00 3 6.82
Toplam 19 100.00 17 88.24 8 100.00 44 100.00

*Birden fazla yanit alinmugtur.

Incelenen igletmelerde 1spanak iiretim alani ortalama 102.95 dekardir. Illere
gore degerlendirildiginde Izmir, Aydin ve Manisa illerinde 1spanak iiretim alanini
sirastyla 88.03 daa, 9.65 daa ve 231.94 daadir. Ozellikle Manisadaki isletmelerde
1spanak tiretiminin daha genis arazilerde yapildig: belirlenmistir.

Isletme biiyiikliigiine gore iiretim alan1 degerlendirildiginde kiigiik 6lgekli is-
letmelerde (<10 daa) ortalama ispanak {iretim alan1 5.27 daa, orta 6l¢ekli isletme-
lerde (11-49 daa) 28.17 daa ve biiyiik 6lgekli isletmelerde (250 daa) 310.53 daadir
(Cizelge 13). Ayrica incelenen isletmelerde 1spanak verimi 1.75 ton/daa olup, bu
degerin 2022 yih Tiirkiye 1spanak veriminin (1.50 ton/daa) ve Ege Bolgesi 1spanak
veriminin (1.49 ton/daa) iizerinde oldugu saptanmustir (TUIK, 2023).

Isletmelerde 1spanagin yani sira bagka bitkisel iiriinler de iiretilmektedir.
Buna gore goriisiilen iireticilerin %58.46’s1 diger sebzeleri de iirettigini belirtmis-
tir. Uretilen diger iiriinler arasinda 6nde gelenler pamuk (%35.38 ) ve hububattir
(%32.31). Ayrica bazi iireticiler zeytin, yem bitkisi, aycicegi, tizlim, erik, kayis, ka-
vun ve karpuz tiretimi de ger¢eklestirmektedir.

Bazi 1spanak treticilerinin ayni zamanda hayvancilik faaliyetini de yiirtittiikleri
ve 8 Ureticinin hayvancilik yaptig1 saptanmustir. Hem kiictikbas hem de biiytikbas
hayvancilig1 birlikte yapan tireticilerin de bulundugu grupta kiigtikbas hayvancilik
yapan {retici sayis1 6 iken, bityiikkbas hayvancilik yapanlarin sayisi 4’tir.

Ureticiler 1spanak iiretimi konusunda temel bilgi kaynaginin kendi deneyim-
leri (3.92) oldugunu belirtmektedirler. Ayrica 6nde gelen bilgi kaynaklari sirastyla
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ilag bayileri/firmalar1 (3.38), Il/ilge Tarim Miidiirliigii (3.34) ve arkadaglar1 veya
komsu iireticilerdir (3.26). {llere gore iireticilerin 1spanak iiretimi konusunda bilgi
kaynaklar: istatistiksel olarak test edilmistir. Buna gére il/ilge Tarim Midiirliigii
(x* =7.654, p = 0.022), tarim damigsmani (x* = 8.557, p = 0.014), alicilar (x* = 6.101,
p = 0.047) ve denetleyiciler (x* = 4.890, p = 0.087) agisindan iller arasindaki farkli-
lik istatistiksel olarak anlamli bulunmustur. Elde edilen sonuglara gére, {zmir ilin-
deki iireticiler igin 11/flge Tarim Miidiirliigii ve tarim danismanlar: diger illerdeki
tireticilere gore daha sik bagvurulan kaynaklar iken, Manisa ilindeki tireticiler i¢in
alicilar ve denetleyiciler diger illerdeki tireticilere gére daha sik bagvurulan kay-
naklar arasinda yer almaktadir (Cizelge 4). Izmir ilinde iireticilerin yabanci otlarla
miicadelesinde de /ilge Tarim Miidiirliigii calisanlar: 6nde gelen bilgi kaynag1 ko-
numundadir. Bu durum Izmir ilinde [l/ilge Tarim Miidiirliigii'ne duyulan giivenin
yiiksek olmasiyla veya bu ildeki kurumun daha aktif olmasiyla agiklanabilir.

Cizelge 4. Ureticilerin 1spanak iiretimi konusunda bilgi kaynaklar1

Table 4. Producers’ sources of information on spinach production

izmir (32) Aydm (17) Manisa (16) Genel (65)
Kkl ot % i owae om0 M oMaks o Y M was on S i waks
Deneyimi 391 027 1 5 371 037 1 5 419 040 1 5 3 019 1 5
ilag bayi veya ilag firmalan 315 023 1 5 347 029 1 5 356 038 1 5 338 016 I 5
il/lge Tanm Midardigi kv SN R | 5 31¥ oM 1 5 281" 025 1 4 33 015 1 5
Arkadag/komsgu 33 020 1 5 38 033 1 5 319 035 1 4 326 014 1 5
Tanm danigmant** 325 006 1 5 n41° 02 1 3 308 023 1 5 288 012 1 5
KooperatifjZiraat Odasi vb. 281 021 1 5 306 029 1 5 275 027 1 5 28 014 I 5
Ahalar™ 78 019 1 5 n4' 02 1 5 331" 031 1 5 28 oM I 5
Denetleyiciler* 2190 016 1 5 194 023 1 5 248 022 1 4 218 o1 1 5

1.Kesinlikle katilmryorum, 2. Katilmiyorum, 3. Kararsizim, 4. Katiliyorum, 5. Kesinlikle katiliyorum.
Kruskal Wallis H testine gore gruplar arasindaki fark **p<0.05; *p<0.1 diizeyinde anlamlidir.
»°: Ayni harfe sahip iller arasinda fark yoktur.

Ureticilerin zirai ilag kullanimina yonelik tutumlar1 degerlendirildiginde tireti-
cilerin en fazla 6nem verdikleri kriterlerin ruhsatl ila¢ kullanimi (4.05) ve ilaglarin
ruhsatl oldugu dozda kullanimi oldugu (3.71) tespit edilmistir. Ureticilerin uygun
ilaglama aleti kullanimina (2.63) verdikleri 6nem ise orta diizeydedir (Cizelge 5).
Aydin (2015) tarafindan Konya ilinde fasulye treticilerine yonelik yapilan ¢alis-
mada da treticilerin zirai ilag tercihinde en ¢ok ilacin ruhsatli olmasina 6nem
verdikleri saptanmigtir. Ayrica dogal ditymanlari koruyacak sekilde ilaglama yap-
ma durumu iller arasinda istatistiksel olarak farklilik (x* = 6.429, p = 0.040) gos-
termekte olup, {zmir ve Manisa illerindeki iireticilerin bu konuda daha duyarl:
olduklar1 saptanmaistir.
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Cizelge 5. Ureticilerin zirai ila¢ kullanimina yonelik tutumlari

Table 5. Producers’ attitudes regarding agricultural pesticide usage

Temir (32) Aydm (17) Manisa (16) Genel (65)

Ifadeler

Ort st Min  Maks Ort std Min  Maks Ort st Min Maks Ornt s Min Maks

Hata Hata Hata Hata

Ruhsath ilaglan

3.94 027 1 5 412 0.34 1 5 419 040 1 5 405 0.18 1 5
kullanryoram
flaglan ruhsath oldugu

3.69 022 1 5 3.53 0.29 1 5 354 038 1 5 3Tl 0.16 1 5
dozda kullaniyorum
Kahnt problemi
olmayan ilaglar 3.00 022 1 5 34l 0.34 1 5 325 0.4l 1 5 317 0.17 1 5
kullanryorum
Dogal diigmanlan
koruyacak sekilde 33r 021 1 5 247 0.27 1 5 33 0.24 2 5 312 0.14 1 5
ilaglama yapryorum**
flaglama ile hasat tarihi
arasunda bekleme 290 026 1 5 25 035 1 5 a3 o4 1 5 28 018 15
sitresini dikkate
aliyorum
ilaglamay: sabah erken
veya aksam saatlerinde 3.09 023 1 5 235 0.37 1 5 288 035 1 5 285 0.17 1 5
yapiyorum
Uygun ilaglama aleti

2.59 027 1 5 241 0.37 1 5 294 0.37 1 5 263 0.19 1 5
kullaniyorum

1.Kesinlikle katilmiyorum, 2. Katilmiyorum, 3. Kararsizim, 4. Katiliyorum, 5. Kesinlikle katilryorum.
Kruskal Wallis H testine gore gruplar arasindaki fark **p<0.05 diizeyinde anlamlidir.
~: Ayni harfe sahip iller arasinda fark yoktur.

Zirai ila¢ kullaniminda tireticiler agisindan 6ncelikli sorun zirai ilag fiyatlarinin
yiiksek olmasidir (4.38). Diger sorunlarin 6nem diizeyi ise sirastyla etki stiresinin
yetersiz olmasi (3.42), kullanim bilgisinin yetersiz olmasi (2.82) ve temin etmede
problem yasanmasidir (2.75) (Cizelge 6). Elde edilen sonu¢ Kog ve ark. (2001) ta-
rafindan ilgili bolgelerdeki baslica bitkisel iiriinlere yonelik yapilan ve Cukurova,
Akdeniz, I¢ Anadolu, Ege, Marmara ve Karadeniz Bolgelerini kapsayan ¢aligmayla
benzerlik gostermektedir. Nitekim Kog ve ark. (2001) da ilag fiyatlarini ve fiyat
artiglarinin yitksek olmasini kimyasal ilaglarla ilgili en 6nemli sorun olarak sap-
tamuglardir. Nitekim Aydin Eryilmaz ve ark. (2021) tarafindan Zonguldak ilinde
meyvecilik yapan isletmecilere yonelik gerceklestirdikleri ¢alismada da kimyasal
ilag satin alma tercihinde fiyatin en etkili faktor oldugu tespit edilmistir. Ayrica
Giivenir ve ark. (2023) tarafindan Izmir ilinde mandalina iiretimine yonelik yapi-
lan ¢aligmada da fiyatlarin yiiksek olmasi, kimyasal ila¢ kullaniminda en onemli
sorun olarak saptanmustir.
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Cizelge 6. Ureticilerin zirai ila¢ kullanimyla ilgili sorunlart

Table 6. Issues related to producers’ agricultural pesticide usage

fzmir (32) Aydin (17) Manisa (16) Genel (65)
ifadeler
std Std std Std
Ort Min Maks Ort Min  Maks Ort Min Maks Ort Min Maks
Hata Hala Hala Hata
Fiyatlar yiiksek 425 024 1 5 441 0.26 1 5 463 0.27 1 5 4.38 0.15 1 5
Etki siiresi yetersiz 3.53 0l 2 5 347 0.31 1 5 1z 0.31 1 5 3.42 0.13 1 5
Kullanim bilgisi
: EBL [N 1 5 294 0.23 2 5 194" 0.30 1 4 2.82 0.14 1 5
yetersiz®**
Temin etmede )
3.06 024 1 5 276 0.25 1 5 212 031 1 5 275 0.16 1 5
problem*

1.Kesinlikle katilmryorum, 2. Katilmiyorum, 3. Kararsizim, 4. Katiliyorum, 5. Kesinlikle katiliyorum.
Kruskal Wallis H testine gore gruplar arasindaki fark ***p<0.01; *p<0.1 diizeyinde anlamhdur.
»®: Ayni harfe sahip iller arasinda fark yoktur.

Arastirmada iller arasinda zirai ilag kullanimuyla ilgili sorunlar agisindan fark-
lilik olup olmadig1 incelenmis ve Izmir ve Aydin illeri ile Manisa ili arasinda zi-
rai ilag kullanim bilgisinin yetersizligi konusunda istatiksel olarak farklilik (x*> =
11.413, p = 0.003) oldugu saptanmistir. Buna gére Izmir ve Aydin illerindeki iire-
ticiler kullanim bilgisinin yetersizliginin sorun olma durumu konusunda kararsiz
iken, Manisa ilindeki iireticiler bu ifadeye katilmadiklarini belirtmiglerdir. Ayrica
zirai ilaglarin temin edilmesinde problem yasama durumu agisindan da istatistik-
sel olarak farklilik (x* = 4.961, p = 0.084) tespit edilmis olup, Manisa ilindeki {ire-
ticilerin bu problemin yasandigina iliskin ifadeye katilma diizeyi diger illere gore
dugtiktiir (Cizelge 6). Zirai ilaglarin temin edilmesinde problem yasama konusun-
da tireticilerin kararsiz olmasi (2.75) COVID-19 pandemi kosullar1 nedeniyle te-
darik siirecinde yasanan sikintilar ve artan girdi fiyatlariyla agiklanabilir (TUIK,
2024). Nitekim kriz donemlerinde tarimsal faaliyette bulunan iireticiler agisindan
ekonomik kirillganlik artmaktadir (Demirkol, 2022).

Ureticilerin 1spanak iiretiminde kargilagtiklar1 en énemli sorunlarin ekonomik
(3.86) ve zirai miicadele sorunlari (3.80) oldugu saptanmistir. Yetistiricilik sorun-
larinin iireticiler agisindan orta diizeyde éneme sahip oldugu belirlenmistir. Iller
arasinda 1spanak iiretiminde kargsilasilan ekonomik sorunlar agisindan istatistiksel
olarak farklilik (x* = 8.696, p = 0.013) oldugu ve 6zellikle Manisadaki iireticilerin
1spanak iiretiminde ekonomik sorunlar oldugu diisiincesine daha fazla katildiklar1
(4.63) saptanmustir (Cizelge 7).
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Cizelge 7. Ispanak tiretiminde kargilagilan sorunlar

Table 7. Issues encountered in spinach production

{zmir (32) Aydin (17) Manisa (16) Genel (65)

Sorunlar

Ort std Min  Maks Ort std Min Maks Ort std Min Maks Ort std Min  Maks

Hata Hata Hata Hata

Ekonomik 3

356 0.30 1 5 e 034 1 5 4630 026 1 5 3gs 0.19 1 5
sorunlar
Zirai miicadele

363 025 1 5 4.06 038 1 5 388 013 3 5 380 0.16 1 5
sorunlan
Yetigtiricilik

325 0.15 1 5 294 026 1 5 275 023 1 4 305 0.12 1 5

sorunlart

1.Kesinlikle katilmryorum, 2. Katilmiyorum, 3. Kararsizim, 4. Katiliyorum, 5. Kesinlikle katiliyorum.
Kruskal Wallis H testine gore gruplar arasindaki fark **p<0.05 diizeyinde anlamlidir
~%: Ayni harfe sahip iller arasinda fark yoktur.

Yabanci otla miicadelenin (3.88) tireticilerin 1spanak iiretimindeki en 6nemli
zirai miicadele sorunu oldugu tespit edilmistir. Kruskal Wallis H testine gore zirai
miicadele sorunlari agisindan iller arasinda farklilik bulunmamaktadir (Cizelge 8).

Cizelge 8. Ispanak iiretiminde zirai miicadele sorunlari

Table 8. Agricultural control issues in spinach production

{zmir (32) Aydin (17) Manisa (16) Genel (65)
Sorunke Ort :;:Ia Min  Maks Ort ::fa Min Maks Ort :;:Ia Min  Maks Ort :::a Min Maks
Yabanci ot 375 017 1 5 4.06 0.18 3 5 3.94 0.34 1 5 388 013 1 5
Hastalk 3.56 028 1 5 3.53 0.39 1 5 369 0.18 3 5 3.58 0.18 1 5
Bicek 254 019 1 5 276 0.16 1 4 319 019 2 4 285 011 1 5

1.Kesinlikle katilmryorum, 2. Katilmiyorum, 3. Kararsizim, 4. Katiliyorum, 5. Kesinlikle katiliyorum.

Zehirli yabanci otlar1 bilme durumu incelendiginde iireticilerin %58.46’1n1n
bu otlar1 bilmedigi belirlenmistir. Ureticilere 1spanak iiretim alanlarindaki yabanci
ot yogunlugu tglii likert 6lgegine (1:az, 2:orta, 3:¢ok) gore sorulmus olup, alinan
cevaplara gore yabanci ot yogunlugunun orta diizeyde (1.77) oldugu saptanmigtur.

Ureticilerin yabanci otlarla miicadele yontemleri arasinda kimyasal miicade-
le (%92.31) ilk sirada yer almaktadir. Toprak isleme (%35.38) ve elle ¢apalama
(%21.54) ise diger 6nde gelen miicadele yontemleridir (Cizelge 9). Ayrica goriisii-
len iireticilerden 7’si herhangi bir yabanci otla miicadele yontemi kullanmadigini
belirtmistir. Gozener ve ark. (2017) tarafindan Tokat ilinde domates {iretimine y6-
nelik yapilan ¢aligmada da benzer sonuglar elde edilmis olup, tireticilerin %91.67’si-
nin tarimsal miicadelede kimyasal miicadele yontemini tercih ettikleri tespit edil-
mistir. Aydmn (2015) tarafindan yapilan ¢aliymada da bitki koruma sorunlarinin
¢oziimiinde kimyasal miicadele yonteminin ilk sirada geldigi saptanmustir.
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Cizelge 9. Ureticilerin yabanci otlarla miicadele yontemi

Table 9. Producers’ weed control methods

Yabanci Otlarla Miicadele Yontemi Uretici Saysr* %

Kimyasal Miicadele 60 9231
Toprak Isleme 23 35.38
Elle Capalama 14 21.54
Makine ile Capalama 7 10.77
Ot Alma 7 10.77

*Birden fazla yanit alinmigtir.

Yabanci otlarla miicadele i¢in kimyasal miicadele yontemini tercih eden fiire-
ticilerden %58.33’11 (35 iiretici) kimyasallarin ismini bildiklerini ifade etmislerdir.
Ayrica bu treticilerin %38.33’1 (23 iiretici) kimyasal miicadelede sirt piilverizatorii
kullanirken, %71.67si (43 iretici) tarla tip piilverizatorii kullanmaktadir. Her iki
piilverizatorii kullanan iiretici sayist ise 6dir.

Ureticilerin deneyimi (3.86) yabanci otlarla miicadelede 6nde gelen bilgi kay-
nagidir. Bu konudaki diger bilgi kaynaklar: ise sirasiyla ila¢ bayileri/firmalari
(3.71), l/1lge Tarim Miidiirliigii (3.31), tarim danigmani (3.02) ve arkadaglar1 veya
komsu treticilerdir (2.98) (Cizelge 10). Elde edilen sonuglar Kog ve ark. (2001)
tarafindan yapilan ¢alismayla benzerlik gostermekte olup, ilgili calismada da zi-
rai miicadelede iireticinin kendi bilgi ve tecriibesi 6n plana ¢ikmaktadir. Ayrica
Ozkan ve ark. (2003) tarafindan Antalya ilinde turunggil iiretimine yonelik ya-
pilan, Demircan ve Aktas (2004) tarafindan Isparta ilinde kiraz tiretimine yone-
lik yapilan, Demircan ve Yilmaz (2005) tarafindan Isparta ilinde elma tretimine
yonelik yapilan, Peker (2012) tarafindan Konya ilinde domates iiretimine yonelik
yapilan, Aydin Eryilmaz ve ark. (2021) tarafindan Zonguldak ilinde meyvecilik ya-
pan isletmecilere yonelik yapilan ve Giivenir ve ark. (2023) tarafindan izmir ilinde
mandalina iiretimine yonelik yapilan ¢aligmalarda da tireticilerin bilgi ve deneyimi
zirai miicadelede ilk sirada yer alan bilgi kaynagidir. Bununla birlikte Kizilaslan
ve Somak (2013) tarafindan Tokat ilinde bagcilik isletmelerine yonelik yapilan
caligmada ve Erbek ve ark. (2018) tarafindan Bursa ilinde meyve tireticilerine yo-
nelik yapilan ¢aligmada ilag bayileri; Celik ve Karakaya (2017) tarafindan Bingol
ilinde elma iireticilerine yonelik yapilan ¢alismada ise Tarim Il/ilce Miidiirliigii
teknik elemanlar: tarim ilac1 seciminde bagvurulan bilgi kaynaklar: arasinda ilk
sirada yer almaktadir.
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Cizelge 10. Ureticilerin yabanci otlarla miicadelede bilgi kaynaklar1

Table 10. Producers’ sources of information on weed control

fzmir (32) Aydmn (17) Manisa (16) Genel (65)
Bilgi Kaynaklar:
Ort std Min  Maks Ort sud Min  Maks Ort std Min Maks Ort std Min  Maks
Hata Hata Hata Hata
Deneyimi® 39 0.25 1 5 324 038 1 5 447" 013 4 5 386 017 1 5
Tlag b il
A bayl vera tag 3.50 0.28 1 5 365 034 1 5 419 038 1 5 371 o189 1 5
firmalan
ilrilge Tanm
P, 359 0.21 1 5 282" 032 1 5 3.25% 021 2 5 33 015 1 5
Miidiirligi*
Tanm damgman** 3.03 022 1 5 247 024 1 4 3.56" 0.24 1 5 3 015 1 5
Arkadag/komgu 281 016 1 5 3z 033 1 5 319 028 1 5 298 013 1 5

1.Kesinlikle katilmryorum, 2. Katilmiyorum, 3. Kararsizim, 4. Katiliyorum, 5. Kesinlikle katiliyorum.
Kruskal Wallis H testine gore gruplar arasindaki fark **p<0.05; *p<0.1 diizeyinde anlamlidur.
> Ayni harfe sahip iller arasinda fark yoktur.

Ureticilerin yabanci otlarla miicadelede bilgi kaynaklar: agisindan iller arasin-
da farklilik oldugu saptanmustir. Buna gére Manisa ilinde kendi deneyiminden (x*
=5.167, p = 0.076) ve tarim danigsmaninin bilgisinden (x> = 9.095, p = 0.011) yarar-
lananlar fazla iken, [zmir ilinde [l/flge Tarim Miidiirliigii ¢aliganlarinin bilgisinden
(x*> = 4.890, p = 0.087) yararlananlar daha fazladir (Cizelge 10).

Ureticilerin en yaygin zirai ilag uygulama zamani ekimden &nce toprak isleme
sonrast yabanci otlar ¢tkmadan 6ncedir (%58.46). Uriin bitkileri ve yabanci otlar
ciktiktan sonra kimyasal ila¢ uygulayan iireticilerin orani ise %20dir (Cizelge 11).

Cizelge 11. Ureticilerin zirai ilag uygulama zaman1

Table 11. Application time for agricultural pesticide by producers

Zirai flag Uygulama Zamani Uretici Sayist* %

Ekimden énce toprak isleme sonrasi yabanci otlar ¢ikmadan 6nce 38 58.46
Ekimden sonra iiriin bitkileri ve yabanci otlar ¢ikmadan 6nce 27 41.54
Uriin bitkileri ve yabanci otlar ¢iktiktan sonra 13 20.00

*Birden fazla yanit alinmugtur.

Ureticilerin bilgi sahibi olmak istedikleri konularin baginda ilaglama (3.34),
giibreleme (3.29) ve kayit tutma (2.94) gelmektedir. Ispanak {ireticilerinin %38.46’s1
(25 tretici) isletmenin gelir-giderleri hakkinda kayit tuttugunu belirtmistir. Serti-
fikal: tiretim (1.98) ve organik tiretim (1.97) konusunda bilgi sahibi olma istegi ise
diistiktiir. Bilgi sahibi olmak istenen konular agisindan iller arasinda istatistiksel
olarak farklilik tespit edilmis olup, Aydin ilindeki iireticilerin 6zellikle ilaglama (x?
=10.750, p = 0.005) ve giibreleme (x*> = 7.931, p = 0.019) konularinda bilgi sahibi
olma isteginin diger illerdeki iireticilerden daha fazla oldugu belirlenmistir. Izmir
ilinde ise toprak isleme (x* = 12.621, p = 0.002) ve bakim (x* = 10.095, p = 0.006)
konularinda bilgi sahibi olma istegi daha fazladir (Cizelge 12).
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Cizelge 12. Ureticilerin bilgi sahibi olmak istedikleri konular
Table 12. The topics that producers want to be informed about

izmir (32) Aydm (17) Manisa (16) Genel (65)
one o S i vaksoon S i ke oon M am dake on Y waks
Tlaglama*** 306 026 1 5 429 017 3 5 288" 038 1 5 334 0.18 1 5
Giibreleme** 3250 017 1 5 388" 028 2 5 .75 028 1 5 329 0.14 1 5
Kayit tutma 313 017 1 5 282 0.18 1 4 269 0.18 1 3 2.94 011 1 5
Toprak igleme*** 3220 012 1 5 265" 019 1 4 244" 022 1 3 2.88 0.10 1 5
Bakum*** 318 015 1 5 253" 023 1 5 238" 029 1 5 2.80 0.12 1 5
Sertifikali firetim 213 007 1 5 194 0.22 1 5 175 0.14 1 3 198 0.11 1 5
Organik diretim 206 011 1 5 1.82 0.10 1 2 194 0.19 1 4 L97 0.08 1 5

1.Kesinlikle katilmryorum, 2. Katilmiyorum, 3. Kararsizim, 4. Katiliyorum, 5. Kesinlikle katiliyorum.
Kruskal Wallis H testine gore gruplar arasindaki fark ***p<0.01; **p<0.05 diizeyinde anlamlidir.
> Ayni harfe sahip iller arasinda fark yoktur.

SONUC

Incelenen isletmelerde 30 yas ve altindaki iireticilerin toplam iireticilere orani-
nin %10.77 olmasi, 1spanak liretiminde geng iiretici sayisinin oldukga az oldugu-
nun gostergesidir. Ispanak tiretiminde kooperatif iiyesi olan ireticilerin %81.82’si-
nin Tarim Kredi Kooperatifine {iye olmasi ise orgiitlenme aliskanliginin daha gok
finansal ihtiyaclara dayali oldugunu gostermektedir. Nitekim treticilerin énemli
bir kismi (%66.15) 1spanags tiiccara satmaktadirlar. Bu durum dreticiler agisindan
pazarlama sorunlari arasinda fiyati belirleyememenin 6nde gelen sorunlardan biri
olarak goriilmesini agiklamaktadir.

Incelenen isletmelerde 1spanak iiretim alaninin ortalama 103 dekar olma-
s1 1spanak iiretiminin biiytik 6lcekli isletmelerde yapildigini gostermektedir. Bu
durumun isletmeler agisindan 6lgek ekonomisi avantaji saglayabilecegi diistintil-
mektedir. Ayrica 1spanagin yani sira sebze, pamuk ve hububat {iretimi yapilmasi
tireticilerin riski paylastirabilmesi agisindan 6nem arz etmektedir.

Ayrica treticilerin yabanci otlarla miicadele yontemleri arasinda kimyasal mii-
cadele (%92.31) ilk sirada yer almaktadir. Ozellikle cevresel siirdiiriilebilirlik aci-
sindan iireticilerin bu tutumunun sakincali bir durum oldugu séylenebilir. Bunun-
la birlikte iireticilerin ruhsatl ila¢ kullanimina ve ilaglar1 ruhsatl oldugu dozda
kullanmaya 6nem vermeleri olumlu tutumlardir.

Ureticiler ozellikle ilaglama ve giibreleme konularinda bilgi sahibi olmak istedikle-
rini belirtmislerdir. Bu konulara yonelik egitim ve yayim faaliyetleri yayginlastirilma-
lidir. Giintimiizde organik tirtinlere yonelik tiiketici talebinin arttig1 diistiniildigiinde
tireticilerin bilgi sahibi olma konusunda en az istekli olduklar1 konunun organik iire-
tim olmasi 1spanak tiretimi acisindan olumsuz bir durum olarak degerlendirilebilir.
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COMPARATIVE ANALYSIS OF GENETIC AND GREEDY
ALGORITHM FOR OPTIMAL DRONE FLIGHT ROUTE
PLANNING IN AGRICULTURE

ABSTRACT

In this study, the performance of the Genetic Algorithm (GA) in optimizing the
agricultural drone flight route was compared with the Greedy Algorithm, revealing
that GA produce routes that are, on average, 17.44 % more efficient. This efficiency,
measured over 500 generations in a static field model, suggests substantial potenti-
al for saving resources and time in agricultural operations. Despite the effectiveness
of the GA, its computational intensity limits real-time field applications, but offers
advantages in offline route planning for pre-mapped areas. A t-test between flight
lengths which are created by the algorithms highlighted a significant difference,
with a p-value of approximately 7.18x107, indicating the GA’s superior performan-
ce. Future research should aim to bridge the gap between the simplified binary field
model used in simulations and the complexities of real-world agricultural landsca-
pes to improve the practical deployment of GAs in drone route optimization.

Keywords: Agricultural Drone, Drone Route Optimization, Offline Route
Planning.

e

TARIMDA OPTIMAL DRONE UCUS ROTASI PLANLAMASI
ICIN GENETIK VE ACGOZLU ALGORITMANIN
KARSILASTIRMALI ANALIZI

0z

Bu ¢aliymada Genetik Algoritmanin (GA) tarimsal dronlarin ugus rotasini
optimize etmedeki performans: A¢gozlii Algoritma ile karsilagtirilmistir. GAnin
ortalama %17,44 daha kisa rotalar tirettigi gortilmistiir. Statik olarak simiile edilen
bir saha modelinde, genetik algoritmada 500 nesil {izerinden 6lgiilen bu verimlilik,
tarimsal faaliyetlerde kaynak ve zaman tasarrufu agisindan 6nemli bir potansiye-
le isaret etmektedir. GAnin etkinligine ragmen hesaplama yogunlugu, gercek za-
manli saha uygulamalarini sinirlandirmaktadir, ancak 6nceden uygulama haritas:
hazirlanmig alanlar icin ¢evrimdisi rota planlamada avantajlar sunmaktadir. Algo-
ritmalarin rastgele olarak tiretilen ugus simiilasyonlarinda tiretmis olduklar1 rota
uzunluklar: arasinda t-testi kullanilarak yapilan karsilastirmada GA tarafindan
iiretilen rotalarin istatistiksel olarak anlaml seviyede kisa oldugu goriilmiistiir
(p=7.18x10"?). Gelecekteki arastirmalarda, GA'larin dron rota optimizasyonun-
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da pratik kullanimini gelistirmek icin simiilasyonda kullanilan basitlestirilmis
model ile ger¢ek diinya uygulamalarindaki karmasgiklik arasinda bulunan farkla-
r1 gidermek amaglanacaktir.

Anahtar Kelimeler: Dron Rota Optimizasyonu, Cevrimdist Rota Planlama,
Tarimsal Dron.

e 2k R

1. INTRODUCTION

For agricultural purposes, optimizing the shortest flight route for drone flight is
essential because it directly influences the efficiency and effectiveness of crop ma-
nagement and monitoring. Precision agriculture relies on drones to perform tasks
such as spraying pesticides, fertilizing, seeding, and surveying crops (Banpurkar et
al., 2021; Chen et al., 2021; Marzuki et al., 2021; Rachmawati et al., 2021; Hafeez,
et al,, 2022). By ensuring the shortest and most efficient routes, drones can cover
more acreage with less battery usage and time, reducing operational costs and en-
vironmental impacts (Agrawal et al., 2021; Vazquez-Carmona et al., 2022). This
optimization leads to more targeted application of agricultural inputs, minimizing
waste, and maximizing crop yields. Essentially, the shortest flight route maximizes
the benefits of drone technology in precision agriculture, leading to smarter and
more sustainable farming practices (Srivastava et al., 2020).

Currently, various algorithms and technologies are employed to determine the
optimal flight routes for tasks such as drone flight in agriculture. These include
classical approaches such as Dijkstra’s and A* for static environments and more
sophisticated methods such as genetic algorithms, ant colony optimization, and
particle swarm optimization, which can handle dynamic and complex scenarios
(Abdulsaheb and Kadhim, 2023; Sundarraj et al., 2023; Wu et al., 2023). Machi-
ne learning models, particularly reinforcement learning, are increasingly used to
adapt to changing conditions and to learn from the environment (Qu et al., 2020;
Yan et al., 2020). Additionally, real-time data processing with geographic informa-
tion system (GIS) and global positioning system (GPS) integration allows for the
adjustment of flight paths based on immediate environmental feedback, such as
weather changes or crop growth patterns (Manfreda and Eyal, 2023). These metho-
ds are complemented by advances in sensor technology and data analytics, enab-
ling more precise mapping and monitoring, which in turn leads to more efficient
flight-route planning and resource use (Pepe et al., 2018; Yu and Zhang, 2015).

Genetic algorithms (GAs) offer a robust and flexible approach for searching
for optimal routes, particularly in complex and multi-dimensional spaces where
traditional algorithms might falter (Li et al., 2020; Zhai and Feng, 2022; Zou et al.,
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2023). Their evolutionary nature allows them to explore a vast search space and
avoid being trapped in local optima, making them highly effective for problems
such as route optimization, where the landscape of possible solutions is rugged and
full of potential pitfalls. GAs can simultaneously evaluate many different routes, le-
arning, and improving over successive generations, which enables them to converge
on a highly efficient solution, even in the face of constraints and varying conditions.
This adaptability, coupled with their ability to incorporate real-world variables and
heuristics into their fitness functions, makes genetic algorithms a powerful tool for
finding optimal routes in dynamic environments, such as drone navigation in agri-
culture, where terrain, obstacles, and areas of interest can change over time.

The purpose of this study is to create an algorithmic solution that can find an
efficient flight route for spraying a field with certain areas that require treatment.
The field was represented as a grid, with some cells needing spraying (black) and
others not (white). The algorithmic solution aims to determine the shortest possib-
le route that covers all areas that need spraying, which is analogous to the Traveling
Salesman Problem (TSP) (Cheikhrouhou and Khoufi, 2021).

In this study, we used two algorithms to solve this optimization problem. The
Genetic Algorithm (GA) uses evolutionary strategies to refine solutions across ge-
nerations, aiming to minimize flight routes and find the most efficient route in
terms of length. Conversely, the Greedy Algorithm selects the closest next point at
each step to build a solution, ensuring that all required points are visited.

The program compares these two approaches by plotting the flight routes and
calculating the total distance length of each route. This comparison can help to
understand the strengths and weaknesses of each algorithm.

2. MATERIAL AND METHODS

2.1. Simulation Grid Design and Probabilistic Data Generation

The study area was a simulated grid that reflected the variability of an actual
field. The study was conducted over a 10x10 grid for simplicity to represent an
agricultural field. Every grid has 1m by 1m side lengths. Data on areas requiring
spraying were generated using a random binary distribution with a 70 % probabi-
lity for non-spray zones and 30 % probability for spray zones (Hussain et al., 2020;
Leshkenov, 2023), simulating patches of crops requiring treatment.
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2.2. Algorithm implementation

Two algorithms were implemented for route optimization: A Genetic Algo-
rithm (GA) and a Greedy Algorithm. The GA was developed using Distributed
Evolutionary Algorithms in Python (DEAP) library (Fortin et al., 2012), which
facilitated the creation of a population of potential routes, the definition of a fitness
function based on the total route length and a penalty for inefficient moves, and
the application of evolutionary operators such as crossover, mutation, and selec-
tion. The Greedy Algorithm is custom-coded to iteratively select the nearest un-
visited point. The GA’s implementation through the DEAP library showcases the
use of evolutionary concepts to optimize the route, whereas the Greedy Algorithm
provides a baseline for comparison with GA.

‘ Start

l

Initialize with Starting Node ‘

l

All Nodes Visited?

No Yes
Select Nearest Unvisited Node ‘ ‘ Return to Start Node
‘ Move to Selected Node ‘ ‘ End

Figure 1. Greedy Algorithm

Figures 1 and 2 provide the visual workflows for the Greedy and Genetic al-
gorithms, respectively, applied to route optimization. Figure 1 outlines a straight-
forward Greedy Algorithm that selects the nearest unvisited node until all nodes
are covered, and returns to the start upon completion. In contrast, Figure 2 pre-
sents a Genetic process, which begins by initializing a population of solutions and
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iteratively evolves this population through a series of generations using genetic
operations until the maximum number of generations is reached; subsequently, the
best solution is selected.

Start

\Ex(ract Spray Coordinates

Calculate Distance Matrix

Setup Genetic Algorithm

Initialize Population

Evolve Population using GA | No

Is Max Gene’a‘unm7
Yes

Select Best Individual ‘

o

Plot Fitness Over Generations Print Best Individual and Fitness

o

Plot Optimal Spraying Path

Figure 2. Genetic Algorithm
2.3. Route Optimization Process

For the GA, a population of 10000 routes was evolved over 500 generations
with a crossover probability of 0.8 and a mutation probability of 0.1. The Greedy
Algorithm starts at a fixed point and sequentially adds the nearest unvisited point
to the route. Both algorithms aimed to minimize the total distance traveled while
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ensuring that all required points were visited. We conducted an objective evalua-
tion of both methods, focusing on the total flight length, which is a critical factor
for operational efficiency.

2.4. Evaluation Metrics

The performance of the algorithms was assessed based on the total flight length
of the final route. The GA fitness over generations was plotted to visualize the op-
timization process. The route length difference between the greedy algorithm and
the GA was calculated using the following formula:

Flight Route Length Dif ference(%) = (@] x100 (1)
ge

V,: Flight route lenght of greedy algorithm

V. Flight route length of genetic algorithm

2.5. Visualization

The routes generated by both algorithms were visualized using Matplotlib
(Hunter, 2007) to compare their efficiency and coverage. The visualization inclu-
des the sequence of points visited and the total distance covered by each algorithm.
Visualization plays a key role in interpreting the results, offering an intuitive un-
derstanding of the performance of each algorithm.

3. RESULTS AND DISCUSSIONS

In the context of a Genetic Algorithm (GA) applied to optimize flight route
planning, a population of 10000 possible routes was subjected to an evolutionary
process spanning 500 generations. GA employs a fitness function designed to eva-
luate and minimize the total length of each flight route. Through iterative refine-
ment across generations, the algorithm seeks to progressively reduce the cumula-
tive travel length, thereby enhancing route efficiency. Figure 3-4(a) illustrates the
progression of the fitness function over these generations, visually depicting the
improvement in the route optimization. Subsequently, Figures 3-4(b) and 3-4(c)
provide comparative visualizations of the flight routes as determined by the Ge-
netic Algorithm and the greedy algorithm, respectively. These figures show the
outcomes of both algorithms in terms of route efficiency, with the Genetic Algo-
rithm typically outperforming the Greedy Algorithm by producing shorter and
more efficient routes.

ANAJAS, 2024, Cilt 39, Sayi 1, Sayfa 129-141



Eray ONLER

Total Route Length: 53.60m

Min and Avg fitness over Generations

a) Fitness values over generations for genetic b) Flight route generated by genetic algorithm

algorithm

Total Route Length: 64.93m

¢) Flight route created by greedy algorithm

Figure 3. Sample flight route generated by genetic and greedy algorithms

Total Route Length. 42.13m

Min and Avg fitness aver Generations

u Jf o

[ 150 ) %0 £ %0 n

a) Fitness values over generations for genetic b) Flight route generated by genetic algorithm

algorithm

Total Route Length: 53.79m

" —

¢) Flight route created by greedy algorithm

Figure 4. Sample flight route generated by genetic and greedy algorithms
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Figure 5. Comparison of total flight route length for greedy
and genetic algorithms

The boxplot provides a visual comparison of the total flight route lengths calcu-
lated using greedy and genetic algorithms (Figure 5). The central line in each box
represents the median of the data, which provides a sense of the central tendency
for the flight length of each algorithm. The boxes themselves span from the first
quartile (Q1) to the third quartile (Q3), representing the middle 50% of the data,
providing insight into the distribution and spread. The “whiskers” extend from the
boxes to show the range of the data, excluding outliers that are plotted as individual
points beyond the whiskers. From this plot, we can discern that the Greedy Algo-
rithm tends to have longer flights than the Genetic Algorithm, as indicated by the
position of the median and the spread of the data. The outliers in each algorithm
suggest the presence of cases in which the total flight length is significantly diffe-
rent from typical ranges. We believe that this was due to the stochastic nature of the
random simulation environment in each trial.

Upon a deeper analysis of the boxplot data, we found that the Greedy Algorit-
hm had a higher average total flight length at approximately 57.91 m compared to
the Genetic Algorithm’s average of approximately 49.37 m. This indicates that on
average, the Greedy Algorithm tends to produce longer flight routes.

The median value was slightly lower than the average for the Greedy Algorit-
hm at approximately 57.35 m, suggesting a slightly skewed distribution of data. In
contrast, the median flight length for the Genetic Algorithm was almost equal to
its average at approximately 49.65 m, which implies a more symmetric distribution
of data points around the center.

The Greedy Algorithm also showed greater variability in its results, with a stan-
dard deviation of approximately 7.66 m, as opposed to the Genetic Algorithm’s
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standard deviation of approximately 5.86 m. This greater spread is reflected in
the broader interquartile range (IQR), which goes from approximately 53.81 m to
61.71 m for the Greedy Algorithm, compared to the Genetic Algorithm’s IQR from
approximately 45.58 m to 53.08 m. The minimum and maximum values indicate
the range of the data, with the Greedy Algorithm ranging from 36.15 m to 74.3 m
and the Genetic Algorithm ranging from 31.79 m to 61.11 m.

In summary, the Greedy Algorithm not only averaged higher total flight route
lengths but also had a wider range of outcomes, suggesting less consistency in the
flight route lengths it produced compared to the Genetic Algorithm.

Flight route length difference (%)

# Tria

Figure 6. Flight route length difference of greedy algorithm compared to
genetic algorithm

The bar plot shows the percentage difference in flight route lengths between
the Greedy and Genetic algorithms across a series of trials (Figure 6). Each bar
corresponds to a single trial, and the height represents the percentage by which
the flight length of the greedy algorithm is greater or less than that of the genetic
algorithm for that trial. The average percentage difference across all trials was ap-
proximately 17.44 %, indicating that, on average, the flight distance of the greedy
algorithm was approximately 17.44 % longer than that of the Genetic algorithm.

Overall, these statistics suggest that, although the Genetic Algorithm generally
outperforms the Greedy Algorithm in finding shorter flight routes in every trial,
the extent of this advantage can vary. In some cases, the Greedy Algorithm ap-
proached the efficiency of the Genetic Algorithm, there were instances where the
greedy algorithm was much less efficient. This was because of the stochastic nature
of the simulation environment.

After conducting a statistical analysis comparing the flight route lengths of the
Greedy and Genetic algorithms, we first assessed the normality of the data. The
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Shapiro-Wilk test returned p-values of 3.03x10" for the Greedy Algorithm and
5.02x10" for the Genetic Algorithm, both well above the 0.05 threshold, suggesting
that the data for both algorithms are normally distributed. Next, we evaluated the
homogeneity of variances using Levene’s test, which yielded a p-value of 1.61x107,
indicating no significant difference in variances between the two groups. Because
the dataset satisfied the criteria of normal distribution and homogeneity of vari-
ance, we applied the t-test to check if there was a statistical difference between the
flight routes created by both algorithms. An independent samples t-test was per-
formed, resulting in a p-value of approximately 7.18x107 and a t-statistic of 6.325,
indicating a statistically significant difference in the flight distances generated by
the two algorithms. The analysis implies that the Greedy Algorithm consistently
produces longer flight distances than Genetic Algorithm, with a high degree of
statistical significance. This improvement in path efficiency can translate into subs-
tantial cost savings and operational efficiency in a real-world agricultural context.

The GA’ ability to explore a diverse set of potential solutions and its use of
evolutionary operators allows it to avoid local optima and discover more efficient
routes (Niu et al., 2020). Over the course of 500 generations, the GA demonstra-
ted a clear convergence towards optimal solutions, as evidenced by the decreasing
trend in the fitness values of the population.

The Greedy Algorithm, while faster in producing a solution, does not have me-
chanisms to escape local optima, leading to suboptimal paths (Li et al., 2022). The
heuristic of choosing the nearest next point did not account for the overall route
efficiency, which resulted in a longer total length when all points were visited.

The results underscore the effectiveness of GAs in solving complex optimizati-
on problems, such as route planning for drones in precision agriculture (Mukha-
mediev et al., 2023; Zou et al., 2023). The 17.44 % reduction in route length by GA
can lead to reduced fuel or battery consumption, lower labor costs, and a decrease in
the time required to complete the spraying operations (Basiri et al., 2022). These fa-
ctors are critical in large-scale farming operations where efficiency gains can lead to
significant economic and environmental benefits (Edwards, 2020; Delay et al., 2022).

However, it is important to note that the GA requires a more substantial com-
putational effort than the Greedy Algorithm. The trade-oft between the solution
quality and computational resources is a key consideration in the practical appli-
cation of these algorithms. For time-sensitive applications, a hybrid approach can
be considered, where the Greedy Algorithm provides a quick initial solution that
the GA can further refine in more time. Alternatively, the method can be employed
for offline route planning for agricultural drones, as demonstrated in scenarios in
which a pre-existing application map is available.
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The study also opens up avenues for future research, such as the integration of
real-time data to dynamically adapt the flight route to changing field conditions or
the application of other metaheuristic algorithms that could offer a better balance
between solution quality and computational time.

In conclusion, while the GA provided a more efficient solution in terms of route
length, the choice of algorithm should be guided by the specific requirements of
the agricultural operation, including the size of the field, urgency of the task, and
available computational resources.

4. CONCLUSION

This study demonstrated the utility of Genetic Algorithms (GA) in optimizing
drone flight routes for agricultural spraying, achieving a 17.44 % reduction in the
average route length compared with the Greedy Algorithm. The robustness of the
GA in finding near-optimal solutions highlights its potential for enhancing opera-
tional efficiency in precision agriculture, leading to reduced resource consumption
and time savings.

Despite these promising results, this study has some limitations. The primary
constraint lies in the computational demands of GA, which may limit its real-time
application in the field. The simulation was conducted on a static field model, whi-
ch does not account for dynamic environmental factors, such as changing weather
conditions, variable crop growth stages, or unexpected obstacles that could affect
the drone’s flight route.

However, the computational intensity of genetic algorithms (GA) is less of a
hindrance when applied to offline route planning for agricultural drones. With
pre-mapped application fields, GA can be executed on powerful computers wit-
hout the urgency of real-time decision-making, allowing for detailed and extensive
optimization processes. This offline planning enabled the algorithm to incorporate
complex field data, historical patterns, and predictive models to devise highly effi-
cient flight paths. Consequently, drones can be deployed with pre-optimized routes
that maximize coverage and efficiency, significantly benefiting resource manage-
ment while mitigating the risks associated with dynamic in-field variables. Anot-
her limitation is the reliance of the study on a binary representation of spray areas,
which may oversimplify the complexity of actual agricultural landscapes.

Furthermore, this study did not consider the energy consumption of the drone
during flight, which could be a significant factor in the practical implementation of
flight paths. Future research could incorporate a more detailed energy model and
test the algorithms in a dynamic and realistic setting.
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In conclusion, while the GA shows significant promise for improving the ef-
ficiency of agricultural drone operations, its practical application requires add-
ressing computational challenges and considering the complexities of real-world
agricultural environments. Future studies should aim to refine the algorithms to
handle dynamic and complex conditions better, potentially through the integrati-
on of real-time data and adaptive path planning capabilities.
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INVESTIGATION OF THE PHENOLOGICAL AND CLIMATE
INDICES OF SOME TABLE AND WINE GRAPES AND THEIR
GROWING STATUS IN THE SAMSUN-BAFRA PLAIN (TURKIYE)

ABSTRACT

The aim of this study was to determine the viticultural potential of Bafra plain
based on viticulture climate indices. Bafra district was classified as warm-tempe-
rate according to Winkler and Huglin indices. The Winkler index (WI) 1969.0,
Huglin index (HI) 2184.4 °C units, Branas Heliothermic Index (BHI) 4.5, and Bra-
nas Hydrothermal Index (HYI) 3423.6 were obtained for the Bafra region. Annual
sunshine duration was calculated as 2295.5 hours, while sunshine duration during
the growing period was 1715.0 hours. Considering the HYI value being somewhat
high, this combined with the high air humidity in the summer months shows an
increased risk of fungal diseases. The bud burst occurred in the second week of
April and flowering occurred in the first week of June in all cultivars. The earliest
veraison initiated with early ripening ‘Early Sweet’ and ‘Trakya Ilkeren’ cultivars
and the latest veraison was in ‘Ugni Blanc’ and ‘Red Globe’ The earliest ripening
was determined in ‘Early Sweet’ with 937.7 GDD, and the latest ripening was de-
termined in the “‘Ugni Blanc’ cultivar as 1729.2 GDD. The period from bud burst to
maturity was 110 days in ‘Early Sweet’ and 170 days in the ‘Ugni Blanc’ Sites selec-
ted with high altitude, areas that slope slightly to the south sides, low humidity, and
far from sea areas are suitable for early and mid-season ripening grape cultivars.
The high humidity in the summer and heavy rain in the fall season increase fungal
disease risks in the Bafra region.

Keywords: Grapevine, Phenology, Climatic Indices, Ripening, Adaptation.

ek

BAZI SOFRALIK VE SARAPLIK UZUMLERIN FENOLOJIK VE
IKLiM ENDEKSLERI iLE SAMSUN-BAFRA OVASINDA
YETiSTIRILME DURUMUNUN INCELENMESI

0z

Bu ¢alismanin amaci, bazi iklim indekslerine dayanarak Bafra ovasinin bagci-
lik potansiyelini belirlemektir. Bafra ilgesi Winkler ve Huglin Indekslerine gére si-
cak-1liman bélge olarak siniflandirilmigtir. Bafra bolgesi igin Winkler Indeksi (WI)
1969.0 giin.derece; Huglin Indeksi (HI) 2184.4 derece.birim; Branas Heliotermik
Indeksi (BHI) 4.5 ve Branas Hidrotermik Indeksi (HYT) 3423.6 olarak elde edil-
mistir. Yillik giineslenme siiresi 2295.5 saat, yetistirme donemindeki giineslenme
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stiresi ise 1715.0 saat olarak hesaplanmistir. HYI degerinin biraz yiiksek oldugu
g6z Oniine alindiginda, bu durum yaz aylarinda havadaki yitksek nem oraniyla
birlestiginde mantar hastaliklar1 riskinin arttigini gostermektedir. Tim gesitlerde
gozlerin uyanmasi Nisan aymin ikinci haftasinda, ¢igeklenme ise Haziran ayinin
ilk haftasinda gerceklesmistir. En erken ben diigme erken olgunlasan ‘Early Sweet’
ve ‘Trakya Ilkeren’ gesitlerinde baslamis, en geg ise ‘Ugni Blanc’ ve ‘Red Globe’
gesitlerinde gerceklesmistir. En erken olgunlagsma 937.7 giin.derece ile ‘Early Swe-
et’ ¢esidinde, en ge¢ olgunlasma ise 1729.2 giin.derece ile ‘Ugni Blanc’ ¢cesidinde
belirlendi. Gozlerin uyanmasindan olgunluga kadar gegen siire ‘Early Sweet’
¢esidinde 110 giin, ‘Ugni Blanc® ¢esidinde 170 giin olarak hesaplanmustir. Bafra
ilcesinde; yiiksek rakimli, giineye hafif egimli, nem orani diisiik, denizden uzak
secilen alanlar erken ve orta sezonda olgunlasan iiziim gesitlerine uygun olarak
degerlendirilmistir. Yazin nem oraninin yiiksek olmasi, sonbaharda ise yogun ya-
gislar Bafra bolgesinde mantari hastalik riskini artirmaktadir.

Anahtar Kelimeler: Asma, Fenoloji, Iklim Indisleri, Olgunlasma, Adaptasyon.

ik

1. INTRODUCTION

The economic viability of viticulture is closely related to climatic conditions
(Bahar et al., 2018). For viticulture in new regions or for the adaptation of new
grape cultivars, it is necessary to determine whether the cultivars will reach the
optimum maturity based on climatic indices. Especially in regions where ecologi-
cal conditions limit viticulture, the determination of variety choice is extremely
important (Kilig et al., 2018). Ecological factors have a direct impact on the growth
and development of the vine. Light and temperature are the leading climatic fac-
tors that affect the growth and development of the vine. Temperature is one of the
main parameters that determine whether or not viticulture is viable in a speci-
fic region (Cangi and Demir, 2019). The intensity of sunlight and the duration of
sunshine affect many properties of the vines such as photosynthesis, sugar, acidity,
color, aroma, and ripening (Kose, 2014).

The phenological development of vines is under the influence of many environ-
mental factors, especially climate. Climate indices are indicative of potential for vi-
ticulture for different cultivars in different growing regions (Celik, 2007). The Black
Sea Region is an area with limited viticulture industry in Tiirkiye. Across the coastal
areas of the region; grape cultivation is not common except for the slip-skinned, foxy
grapes that are derived from Vitis labrusca L. parentage. The rain and high humidity
of the region makes it difficult to control fungal diseases. The desirability of traditio-
nal V. labrusca grapes as table grapes is generally very low, and grapes of this type are
typically most suitable for grape juice production (Cangi, 1999; Celik, 2004).
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Samsun province is an important agricultural city with Bafra and Carsamba
plains. Samsun city is a highly populated location on the Black Sea coastline, and
it is the largest city in the Black Sea region. The climate of Samsun province shows
great differences in terms of climate characteristics between the coastal regions
and inner parts. Towards the inner and western parts, precipitation and humidity
decrease, temperature increases and continental climate features begin to emerge.
By evaluating suitable locations in these areas for grape cultivation, the production
range can be effectively increased, prodviding local producers the knowledge and
opportunity to produce alternative viticultural products (Kose et al., 2011). More-
over, taking into account all these conditions and the effects of climate change,
new grape cultivars continue to be developed through ongoing breeding studies in
Tiirkiye (Atak, 2022; Atak et al., 2022).

This study aims to make a significant contribution to increasing the viticul-
ture capacity in Samsun province, specifically within the Bafra district, by detail-
ing the climatic indices and assessing the potential of important grape cultivars.
Determining the viticulture potential of the region is important in this area where
tobacco production has been abandoned, and yet the land may still bring new in-
come-generating products through adapted viticultural production.

2. MATERIAL AND METHOD

In the study, 4-year-old grapevines of eight different table grape cultivars, ‘Car-
dinal;, ‘Early Sweet, ‘Red Globe, ‘Trakya Ilkeren, ‘Alphonse Lavelle¢, ‘Royal, ‘Mic-
hele Palieri, ‘Victoria, ‘Ugni Blanc’ and ‘Merzifon Karasr’ were evaluated during
2018-2019 vegetation period. Grapevines were grafted onto 1103 Paulsen (Berlan-
dieri x Rupestris) rootstock and they were trained with double-cordon trellis sys-
tems. Grapevines were planted at a spacing of 3m between rows and 1.5 m in-row.
Vineyard irrigated with drip irrigation as needed. In the vineyard, fungicide appli-
cation was carried out six times a year with a spraying machine mounted behind the
tractor. Weed control was achieved by applying soil cultivator at regular intervals in
the vineyard. The research region is usually characterized by a temperate climate
and the long term weather data of the research region were obtained from Samsun
Meteorology Weather Station. During this research period, vineyard temperature
values were recorded by Hobo Data Logger (Onset Computer Corp., Bourne, MA).
In the study; bud burst (EL 4), full bloom (EL 23), veraison (EL35), and maturity
(EL 38) dates were determined according to Coombe and Dry (2004) separately for
each cultivar.

2.1. Geographical Features of Bafra District

The climate of Samsun province differs between the coastline and inland areas.
The coastal line is under the influence of the temperate Black Sea climate, and the
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inner parts of the Akdag and Canik Mountains are under the influence of the con-
tinental climate. Since the temperature average in Samsun city center is generally
higher than in the inner parts, the crop phenology is typically earlier than in the
inner parts (Kose, 2014 ). In the Bafra district, the weather is warm, humid, and
partly cloudy during the summer season. In the Bafra plain, the temperate climate
characteristics observed in the Central Black Sea Region are dominant (Arpaci
and Yiiksel, 1996). Bafra Plain, which is one of the most important delta plains
of Tiirkiye, has importance not only to Samsun but also to the whole of Tiirkiye,
especially the Black Sea Region, in terms of plant production (Figure 1). The total
area of the plain is 145.700 hectares. 41% of this land is used as agricultural land
(604.287 da); it covers the Kizilirmak delta, which is surrounded by mountains in
the south. The city has a surface area of 9.579 km?* between the deltas formed by
the Yesilirmak and Kizilirmak rivers. In the deltas of Yesilirmak and Kizilirmak ri-
vers, there are Bafra and Carsamba Plains with high agricultural potential (Dengiz
and Sarioglu, 2011). The Nebiyan, the highest mountain among these mountains,
is 1.224 meters. The longest river in Tiirkiye, Kizilirmak, crosses these mountains
with a deep valley and reaches the plain. The Bafra plain is completely formed by
the Kizilirmak River. Many lakes were formed in the parts of the river close to the
sea (MBSDA, 2019).

Bafra Plain

Kizian
Terskark

Figure 1. Map of the sampling locations in Bafra Plain.

2.2. Soil Properties of the Research Area

The study area is located in the center of Bafra, between latitude 41° 33 ‘42 “N
and longitude 35° 52’ 06” E, within the Kizilirmak delta. The soil structure of the
land is clayey, silty, and slightly calcareous, and the soil pH is 8.03 slightly alkaline.
Soil properties of the trial area are given in Table 1.
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Table 1. Soil characteristics of the experimental vineyard.

Criterion Value Criterion Value
Silt 57.00 Organic matter 1.23
Clay 33.73 N 0.15
Sand 10.92 P (ppm) 6.50
pH 7.58 K (mek/100 g) 0.34
EC (ds/m) 0.021 Ca (mek/100 g) 21.00
Lime 11.70 Mg (mek/100 g) 6.80
Na (mek/100 g) 1.12

2.3. Grape Cluster Characteristics

In the study, berry weight (g), berry width (mm), berry length (mm), total so-
luble solid content (TSS as ° Brix), Titratable Acidity (%), and pH were determined.
Grape berries were randomly removed from cluster samples to determine quality
parameters. Berry firmness (N) measured with digital penetrometer (FHT-802)
except for two wine grape that was the namely ‘Ugni Blanc’ and ‘Merzifon Karasr’
in the research. Because of not need berry firmness in wine grapes, we tested only
table grapes in terms of berry firmness. TSS was determined using a digital ref-
ractometer (Atago Pocket PAL-1, Japan). Titratable acidity as tartaric acid (TA)
was determined by titration with 0.1N NaOH to an endpoint of pH 8.2 (Model
PHSJ-4A pH meter). Grape cluster characteristics were determined by taking
the average of three clusters of over 10 vines in each cultivar during the maturity
period. The following characteristics were examined in the grape bunches exa-
mined. Berry characterizations were calculated by taking an average of a total of
100 berries consisting of 10 berries taken from the middle, top, and sides of 10
clusters of each genotype.

2.4. Climatic Parameters

Multiple climatic indices were used to evaluate the viticultural potential
of the Bafra District. In the study, Branas Heliothermic Index (BHI), Avera-
ge growing season temperature (GST, °C), Branas Hydrothermic Index (HYI),
Winkler Index (WI-GDD), Huglin Index (HI °Cunits) indices were used with
descriptions in Table 2.
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Table 2. Climate parameters used in determining the viticulture potential.

Climatic Indices Equations Sources

T v )Y LAt
Branas Heliothermic Index (RHI) E(Tavg-10°C) X L.*10%)

Tavg: Average temperature values between (Branas, 1974)

01 April and 30 September,
I : Annual effective sunshine duration (average sunshine

Not suitable under 2.5

duration * vegetation period)

Average growing season temperature

(GST.*0) (Tmax + Tmink2)

Taa cool < 13%C 2 .
Coal 13-15°C o 2005)
Intermediate 15179 ones,
Warm 17-19°C
.E,]m hat ];:ii:i 01 April ta 31 Oct

r.‘r}' 10 - - _— R .

Too hot 249G ("n™ is the number of days in the period)

Branas Hydrothermal Index (HYT)

¥ (Tavg* Ps)
Hydrothermal Index (HYT)
No risk: < 2 500 Tavg : Average temperature calculated (Branas et al., 1946)
Maoderate risk: 2 500 Jor 01 April to 30 Aug;
High risk = 5 100 Pys: precipitation (mm) for 01 April
to 30 Aug
Winkler Index (WI-GDD) Xl Tmax+ Tmin)/2)-10°C)
. . (Amerine and
Region I (cold) < 1 390 Twax: maximum temperature calculated Winkler, 1944)
Region 11 {moderately cold) 1 391 1o 1670 Jor an April to 31 Oct; :
Region 1T {warm) 1 671 to 1 940 Tmin: minimum temperature calculated
Region IV (moderately w Jor 01 April ta 31 Oct

Huglin Index (HI "C units)
E([iTavg - 10°C) + (Tmax -10°C))/2) *d
Huglin Index (HI)

Very cool (HI-3) < 1 500 Tavyg: Average temperature between (Huglin, 1978)
Cool (H1-2) 1 500 to 1 800 01 April-30 September,
Temperate (HI-1) 1 800 to 2 100 Tmax Maximum temperature between
Temperate warm (HI+1) 2 100 10 2 400 01 April-30 September,
Warm (HI4+2) 2 400 to 2 700 d : Length of day coefficient (40°-50°) calculated as d=1.03;

Very warm (H1+3) = 2 700

2.5. Statistical Analysis

The study was conducted according to the randomized block trial design. Eight
grape cultivars phenological observations and cluster characteristics were exami-
ned in 3 replications and 5 vines in each cultivar. The statistical analysis of the
results was performed using Duncan’s Multiple Tests, using the SPSS, version 16
(SPPS Inc. Chicago, IL, USA). Cluster characteristics were evaluated according to
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P<0.05. Correlations among grape cluster and quality characteristics were analy-
zed using the corrplot package in R version 4.2.2 (Wei and Simko, 2021). Geno-
typic variance, phenotypic variance, and heritability of traits were analyzed with
metan package (Olivoto and Lucio, 2020).

3. RESULTS AND DISCUSSION

3.1. Climate Features of the Experimental Area

In the research, climatic records of the Bafra district obtained from the Samsun
Meteorological Institute for both the long term perspective (1929-2018) and the
growing season 2019 (Table 3 and 4). According to long-term climate data, the
annual average temperature is 13.8°C. The minimum average temperature occurs
in January, while the highest occurs in July and August. Minimum monthly rainfall
calculated in July was 27.6 mm, while the highest rainfall occurred in December
as 93.7 mm (Table 3).

Table 3. The long term climatic features of Bafra district (1929 - 2018)

Months

Climatic Parameters
1 2 3 4 5 6 7 8 9 10 11 12 Year

Avg Temp.(°C) 7.0 7.0 7.9 11.2 156 203 233 236 201 16.2 12,5 9.3 14.5
Avg Min Temp (°C) 4.0 3.9 4.6 7.8 121 161 19.1 19.6 165 129 9.3 6.3 11.0
Avg Max Temp (°C) 10.7 11 121 153 191 236 265 271 239 203 167 13.0 18.3
Relative Humidity (%) 71.6  58.7 66.4 57 483 452 344 373 540 787 835 820 598
Sunshine Duration (h) 2.7 32 3.6 4.7 6.2 8.3 8.8 8.2 6.3 4.6 3.7 2.7 53

Rainfall (mm) 782 562 565 523 428 41.6 276 41.1 542 878 855 93.7 7175

On the other hand, in the 2019 year the study was conducted, the annual avera-
ge temperature was 15.1°C. The lowest average monthly temperature was 7.2°C in
February. The average maximum temperature was in August (27.1 °C). The lowest
monthly rainfall ccurred in June (11.6 mm), while the highest monthly rainfall
was in December (77.2 mm) (Table 4). Typically, to be able to grow grapes eco-
nomically, the annual average temperature should not be below 9°C, the monthly
average temperature in the growing period should not be below 18°C, the average
temperature in the summer months should not be below 20°C, and the average
temperature in the coldest month should not be below 0°C (Celik et al., 1998).
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Table 4. The climatic characteristics of Bafra district for 2019.

Months
Climatic Parameters Year
1 2 3 4 5 6 7 8 9 10 11 12

Avg Temp.(°C) 7.3 7.2 7.7 1.1 169 228 222 232 204 177 146 103 15.1
Avg Min Temp.(°C) 4.9 4.6 4.2 8.0 13.0 193 183 198 170 146 111 7.7 11.9
Avg Max Temp.(°C) 10.7 107 121 155 216 269 266 27.1 245 21.7 194 13.6 192
Relative Humidity (%) 70.7 838 756 826 850 81.5 740 744 734 807 652 654 760
Rainfall (mm) 63.8 352 328 484 41.0 116 430 420 332 570 358 772 5210

Sunshine Duration (h) 2.9 3.7 5.5 5.5 6.2 95 108 88 7.3 5.4 6.5 33 6.3

The average summer temperatures (June to August) in the Bafra district is
22.4°C (Table 3) and over 22.7°C in 2019 (Table 4). Average relative humidity va-
ried between 65% and 90% in the research year (Figure 2). Average annual total
precipitation was calculated as 717.5 mm. On the other hand, in 2019, annual total
precipitation was 521.0 mm, below the average (Table 3 and 4). Annual relative hu-
midity was 76% in 2019 year. During the vegetative period, relative humidity was
calculated between 63.6% and 92.6% in June and July, while average temperature
was measured between 19.0°C and 25.2°C in the same term (Figure 2).
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Figure 2. Average temperature (°C) and Relative humidity (%) of Bafra Plain
between April 15 to October 21, 2019.

In 2019 the monthly rainfall was decreased in summer days compared to his-
torical averages. In June, monthly rainfall was at its lowest level (11.6 mm) despite
the historical average of 41.6 mm (Figure 3).
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Figure 3. Average monthly rainfall of Bafra District belong to 2019 and long term
(1963-2016).

3.2. Phenological Observations

The key stages of bud burst (EL 4), full bloom (EL 23), veraison (EL 35), and
maturity (EL 38) dates were given separately for each genotype in Table 5. Bud-
burst dates of grape cultivars were between 10 to 15 April. Early bud-burst dates
were observed for ‘Early Sweet’ and ‘Trakya Ilkeren’ grapes, which are early ripe-
ning cultivars; the latest bud-burst dates were obtained on ‘Ugni Blanc, ‘Alphonse
Lavallee’ and “Victoria® cultivars. Blooming dates occurred within the first week of
June in all cultivars. Although the blooming dates were close for all cultivars, it was
started first at ‘Early Sweet’ and ‘Trakya Ilkeren’ cultivars. The earliest veraison star-
ted in ‘Early Sweet’ and ‘Trakya Ilkeren’ grapes whereas the latest veraison intiated
for in ‘Merzifon Karasr’ and ‘Ugni Blanc® grapes. The maturity period started with
‘Barly Sweet’ and “Trakya Ilkeren’ The final maturity was ‘Ugni Blanc’ grapevines.

Table 5. The phenological calendar of grown grape cultivars in the Bafra District.

Cultivars Bud-Burst Blooming Veraison Maturity
‘Early Sweet’ 10.04.2019 01.06.2019 02.07.2019 29.07.2019
“Trakya ilkeren’ 10.04.2019 03.06.2019 09.07.2019 31.07.2019
‘Victoria’ 15.04.2019 04.06.2019 20.07.2019 15.08.2019
‘Cardinal’ 13.04.2019 05.06.2019 25.07.2019 25.08.2019
‘Alphonse Lavellee’ 15.04.2019 07.06.2019 07.08.2019 13.09.2019
‘Royal’ 13.04.2019 07.06.2019 08.08.2019 17.09.2019
‘Red Globe’ 12.04.2019 06.06.2019 09.08.2019 17.09.2019
‘Michele Palieri’ 12.04.2019 06.06.2019 27.07.2019 23.09.2019
‘Merzifon Karasr’ 14.04.2019 07.06.2019 29.07.2019 26.09.2019
‘Ugni Blanc 15.04.2019 06.06.2019 09.08.2019 12.10.2019
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The number of days from the bud burst to the blooming ranged from 48 days
to 55 days, and varied by cultivar (Figure 4). While the number of days between
flowering and veraison was lowest in ‘Early Sweet’ (31 days) and ‘Trakya Ilkeren’
(36 days) cultivars, and longest (64 days) for ‘Ugni Blanc. The number of days
between veraison and maturity was 22 days in ‘Trakya Ilkeren’ and 27 days in ‘Early
Sweet’ grapes. This phenological stage was determined as 58, 58, and 64 days in
‘Michele Palieri, ‘Merzifon Karast, and ‘Ugni Blanc cultivars, respectively.

u Budburst-Blooming m Blooming-Veraison » Veraizon-Harvest mBlooming-Harvest mBudburst-Harvest

“Ugni Blanc®
‘Merzifon Karast®
‘Michele Palieri®
‘Red Globe

“Royal*

“Alphonse Lavellee’
“Cardinal®

“Victoria®

“Trakya [lkeren’

“Early Sweet”

0 30 100 150 200 250 300 350 400 430 300

Figure 4. Number of days in each phenological stage for grape
genotypes in the Bafra Plain.

When the number of days between blooming and maturity is examined, this
period is 58 days in “Trakya Ilkeren’ and ‘Early Sweet’ cultivars, while it is 109, 111,
and 128 days in ‘Michele Palieri, ‘Merzifon Karasi’ and ‘Ugni Blanc® cultivars. The
number of days from the bud burst to the maturity date was determined as 110
and 112 days in the earliest maturing cultivars, ‘Trakya Ilkeren’ and ‘Early Sweet’
In the study, it was determined that the early cultivars such as “Trakya Ilkeren’ and
‘Early Sweet, and the mid-early season cultivars namely “Victoria® and ‘Cardinal’
cultivars have potential to ripen early without being exposed to September rainfall.
On the other hand, ‘Alphonse Lavellee, ‘Royal, ‘Red Globe, ‘Michele Palieri, ‘Mer-
zifon Karasr’ and ‘Ugni Blanc” were identified as a higher risk cultivars that could
be affected by heavy fall rains.

3.3. Evaluating of the Climatic Indices

In the study, some climatic parameters were calculated to establish a perspe-
ctive of long term averages and to examine the 2019 research year (Table 6). The
long term and 2019 values were calculated as follows: Hydrothermic Index (HYT)
4043.8 and 3423.6; Winkler Index (WI- GDD) 1847.7 and 1969.1; Huglin Index
(HI °Cunits) 1982.9 and 2141.6. The Branas Heliothermic Index (BHI) was calcu-
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lated as 3.5 (long term) and 4.5 (2019 value) compared to an acceptable lower limit
reported as 2.5. The Bafra district aligns with many specifications calculated for
Bordeaux. Ribereau-Gayon et al. (2006) stated that the Branas Heliothermic Index
for Bordeaux is 4.0 and the Huglin Index is 2100 °C units.

Table 6. Climatic parameters calculated for the Bafra district, Samsun for long
term (1929-2018) and the 2019 study year.

Climatic Parameters Calculations
2019 (1929-2018)

Hydrothermic Index (HYT) 3423.6 4043.8
Winkler Index (WI GDD) 1969.1 1847.7
Huglin Index (HI °Cunits) 2141.6 1982.9
Branas Heliothermic Index (BHI) 4.5 3.5
Annual Insolation (AI-hr) 2295.5 1916.3
Growing Season Insolation (GSI-hr) 1636.9 1439.9
Annual Average Temperature (AVT °C) 15.1 14.5
Average Growing Season Temperature (GST °C) 19.6 18.6
Min. Growing Season Temperature (GST,, °C) 15.7 14.9
Max. Growing Season Temperature (GST,_°C) 22.9 22.3
Annual Precipitation (mm) 521.0 699.8
Growing Season Precipitation (mm) 276.2 364.5
Average Relative Humidity (%) 76.0 59.8
Growing Season Relative Humidity (%) 77.7 50.7

To place the values of Bafra plain in context, the coldest wine-growing region
of Brazil, Sdo Joaquim, is the highest-altitude vineyards and has an annual mean
temperature of 13°C, annual mean precipitation of 1680 mm, and an annual mean
solar radiation of 1832 hours. This is lower than the Annual Insolation for Bafra.
During the growing season (September to April), the mean amount of solar radia-
tion is 1264 hours (compared to the long term average of 1439.9 hours for Bafra),
and this value allows the grapes to fully ripen (Santos et al., 2018). According to
Sentelhas (1998), although it varies according to the variety, a sunshine period
between 1200 and 1400 hours/year in a vegetation period is suitable for viticul-
ture. Brandt et al. (2019) stated that the monthly sunshine hours varied between
1232 and 1309 hours during the vegetation period for 2016 and 2017 for adequate
maturation in the Riesling grapes cultivar grown in the trial area in Riidesheim
(Rheingau), Germany.
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Branas Hydrothermic Index (HYI) measures moisture excess or deficiency
(Blanco-Ward et al., 2007). The HYT index covers the period between April and
August. This index aims to identify the risk of mildew diseases in these months.
Malheiro et al. (2010) noted that the risk of mildew development is low for HYI
values below 2500 and high for values over 5100 (Lorenzo et al., 2016). According
to the average values obtained for the Galician region in the north of Spain, the
Winkler Index was 1382 GDD, the Huglin Index was 2049 °C units, the Branas He-
liothermic Index was 3.5, and the Hydrothermic Index was 4439 (Blanco-Ward et
al., 2007). The long-term HYT Index for Bafra was calculated as 3653.37. However,
the HYT value for 2019, when the study was conducted, was found to be 3464.42.
Since these calculated values are above 2500, there is a risk of fungal disease. Alt-
hough the HYT calculation covers the months of April-August, it is seen that the
precipitation in the region increases considerably in September and October. The
risk of grape gray mold (Botrytis cinerea) may increase for grape cultivars that ma-
ture in October. For this reason, choosing cultivars that mature in the first week of
September will minimize the risk of Botrytis and grape rot. Humidity and precipi-
tation both effect fungal disease risks. Kandilli et al. (2022) implicated that fungal
infection from powdery mildew (Uncinula necator) and downy mildew (Plasmo-
para viticola) was increased risk in Yalova growing conditions because the average
precipitation during the growing season was 221.8 mm, relative humidity 75-80%,
and temperature 22-25°C. Identifying fungal disease risks and pressure points can
lead to a significant reduction in the number of sprays required annually, thus
reducing production costs and the risk of environmental pollution (Cortiiias Rod-
riguez et al., 2020; Gonzalez-Fernandez et al., 2019).

According to Malheiro et al. (2010) the risk of gray mold contamination was
low for BHI values below 2500 and high for values exceeding 5100 (Lorenzo et al.,
2016). Similarly; Dina et al. (2020) pointed out that Murfatlar vineyard settled in
the Romania has high risk with 4583.7°C mm in 2018-2019 years. Malheiro et al.
(2010) noted the HYI shows areas with a Mediterranean-type climate maintain low
risks of contamination; on the other hand, high and mid-latitude Europe growing
conditions present moderate to high risks, with a typically increased risk of fungal
disease pressure in Central and Eastern Europe. The climatic data of Yalova (Turki-
ye) has very similar climatic conditions when compared with the Bafra and produ-
ction may adopt and utilize similar cultivars and management practices. Kandilli et
al. (2022) calculated some climatic indices belonging to Yalova finding an average
HYT of 4476, BHI of 836, Huglin Index of 2246 °C units, and Winkler Index of 2133
GDD. They noted that powdery mildew has a more devastating effect than downy
mildew in the Yalova conditions.
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3.4. Winkler Index (GDD-Growing degree-day)

The heat summation values calculated for different phenological periods accor-
ding to the Winkler Index are given in Figure 5. The lowest heat summation requi-
red to proceed from bud burst to blooming was found in ‘Early Sweet’ and ‘“Trakya
flkeren’ cultivars. On the other hand, the greatest heat summation requirement
was for ‘Alphonse Lavallee’ and ‘Royal cultivars. In the study, the heat summati-
on requirement from blooming to maturity and from bud burst to maturity were
lowest in early cultivars as ‘Trakya Ilkeren” and ‘Early Sweet, and highest in late
ripen cultivars as ‘Michele Palieri, ‘Merzifon Karasr’ and ‘Ugni Blanc. From bud
burst to maturity the heat summation demands of ‘Early Sweet and ‘Trakya Ilke-
ren’ cultivars were calculated as 986.5 and 998.1 GDD, respectively. Contrastingly,
‘Ugni Blanc’ required 1806.2 GDD to achieve maturity.

mBudburst-Blooming  ® Blooming-Veraison wVeraison-Harvest WBlooming-Harvest wBudburst-Harvest

“Ugni Blanc™ =gl

“Merzifon Karast® 13522
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Figure 5. Heat summation values of grape cultivars calculated
as Winkler Index (GDD).

In the year the study was conducted, the cuammulative heat summation calcula-
ted according to the Winkler Index for the Bafra district was determined as 1969.0
GDD; as such, Bafra was identified as Region IIT (warm). This heat summation
value shows that all cultivars, including the latest ripening ‘Ugni Blanc’ cultivar,
can obtain their heat summation requirements in the Bafra region.

To be suitable for viticulture, the heat summation value typically must be above
900 GDD. Cultivars and regions are classified as cold (900-1400 GDD), cool (1401-
1700 GDD), temperate (1701-1950 GDD), warm-temperate (1951-2250 GDD),
and hot (2251 GDD and above) according to the values obtained (Celik et al.,
1998; Celik, 2004). According to Uzun (1996) heat summation values of 1088 GDD
were required for ‘Trakya ilkeren’ and 1397 GDD for ‘Cardinal’ grapes. In Kalecik
(Tiirkiye) experimental conditions, heat summation values were determined as
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1073 GDD in the ‘Trakya Ilkeren’ cultivar and 1313 GDD in the ‘Cardinal’ cultivar
(Celik et al., 2005). Kamiloglu et al. (2014) reported that the heat summation va-
lues required for maturation of the “Trakya Ilkeren’ grape cultivar in Hatay/Amik
plain conditions in Tiirkiye were 1134 GDD and 1272 GDD from 2011 to 2012. The
effective GDD needs for multiple cultivars were determined in Tekirdag, Tiirkiye
conditions, including for ‘Trakya ilkeren’ 1050 GDD, ‘Cardinal’ 1293 GDD, ‘Royal’
1695 GDD, and ‘Michele Palieri’ 1715 GDD (Saglam et al., 2009). Kilig et al. (2018)
noted the heat summation requirements of some grape cultivars in 2014 and 2015,
calculated as 1189 GDD and 1052 GDD for ‘Trakya Ilkeren, 1685 GDD and 1572
GDD for ‘Alphonse Lavallee, 1247 GDD and 1221 GDD for ‘Cardinal, 1250 GDD
and 1273 GDD for ‘Victoria, 1682 GDD and 1572 GDD for ‘Royal; and 1709 GDD
and 1582 GDD for ‘Michele Palieri: Ozdemir and Tangolar (2005) determined the
heat summation requirements for ‘Alphonse Lavallée’ as 1468 GDD in Adana, Tiir-
kiye conditions. Altun (2015) determined the heat summation values of ‘Michele
Palieri, ‘Red Globe] and ‘Alphonse Lavallée’ grape cultivars as 1491, 1522, and 1519
GDD, respectively in Sakarya, Turkiye conditions.

Another classification has been made based on the average growing season
temperature (GST). These groupings start at an average GST of 13°C and end at
24°C. The four major maturity groups within this range are: (1) the cool climate
maturity group ranging from 13°C to 15°C; (2) the intermediate climate maturity
group ranging from 15°C to 17°C; (3) the warm climate maturity group ranging
from 17°C to 19°C; and (4) the hot climate maturity group ranging from 19°C to
24°C (Jones, 2007; Jones et al., 2010; Yau, 2011). The average growing season tem-
perature (GST °C) was calculated as 19.6°C in the study. These obtained tempera-
ture values are at a level that can obtain the heat summation requirements of many
table and wine cultivars. The control of mildew, downy mildew, and grey rot disea-
ses becomes difficult due to the high relative humidity in the region. Although the
Bafra district heat summation values and average growing and annual temperature
values meet the growing demand for grapes, due to high humidity and rising preci-
pitation in September there is an increase in fungal disease risks, as such identifying
varieities with early ripening may increase industry sustainability and fruit quality.

3.5. Bunch Characteristics of the Cultivars

The cluster characteristics of the examined cultivars are depicted in Table 7.
Among the examined cultivars, the highest average cluster weight was obtained in
the ‘Red Globe’ cultivar (441.6 g). This was followed by ‘Michele Palieri’ (346.7 g),
‘Alphonse Lavallee’ (330.3 g), and ‘Trakya Ilkeren’ (329.0 g). The cultivar with the
lowest bunch weight was ‘Merzifon Karasr’ (165.6 g). The greatest bunch width was
with “Trakya Ilkeren’ (22.3 cm), the greatest bunch length was for ‘Red Globe’ (23.0
cm), the largest berry weight and width was ‘Michele Palieri’ (7.9 g and 22.5 mm),
and the longest berry length was for “Victoria’ (26.3 mm).
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Table 7. The bunch and berry characteristics of the grape cultivars

Bunch Bunch Bunch Berry Berry Berry
Cultivars Weight Width Length Weight Width Length
(g) (cm) (cm) (g (mm) (mm)
‘Early Sweet’ 280.3bcd 10.1b 17.6¢d 4.0d 17.4e 20.1e
“Trakya ilkeren’ 329.0b 22.3a 20.9ab 3.9d 18.2d 17.5f
‘Victoria’ 292.5¢ 11.0b 17.8bcd 5.3bc 18.4d 26.3a
‘Cardinal’ 213.2de 8.6b 18.5bc 5.1c 20.4c 23.1bcd
‘Alphonse Lavallee’ 330.3b 14.3ab 19.6bc 5.8bc 21.2b 24.6ab
‘Royal’ 234.7cde 11.6b 17.8bcd 6.0b 20.4¢ 22.5cde
‘Red Globe’ 441.6a 16.3ab 23.0a 5.3bc 21.0b 21.9de
‘Michele Palieri’ 346.7b 13.3b 20.3abc 7.9a 22.5a 25.5ab
‘Merzifon Karasr’ 165.6¢ 8.8b 15.0d 2.1e 15.1f 15.5fg
‘Ugni Blanc 301.2¢ 10.2b 19.2bc 1.9¢ 14.2g 14.0g
*SEM 7.754 0.907 0.32 0.080 0.054 0.263
P<0.05 - * - - - -

*SEM: Standard error of the mean.

The TSS value of grape cultivars varied between 16.7% and 20.9% (Table 8).
While “Trakya Ilkeren’ (16.7%) and ‘Victoria’ (17.2%) cultivars had the lowest TSS
values, ‘Ugni Blanc’ and ‘Merzifon Karasr’ had the highest TSS as 20.9% and 20.7%,
respectively. The TA ranges from 3.5 to 6.8 g/L. TA was highest in ‘Ugni Blanc’ and
‘Merzifon Karasr’ (both 6.8 g/L); the lowest was ‘Michele Palieri (3.5 g/L)’ The juice
pH of the cultivars varied from 3.0 to 4.2. The highest pH was in ‘Red Globe’ and
the lowest was in “Trakya lkeren’ grapes. Vintage and maturity decision making
influences final fruit chemistry as indicated by Cangi et al. (2011) stating that shifts
in pH values were observed to varied between 3.27 and 4.20 in wine grapes based
on maturity, cultivar, and year effects.

Berry flesh firmness values showed significant differences among grape culti-
vars (Table 8). The cultivars with the hardest fruits in terms of berry firmness were
found on ‘Early Sweet’ and ‘Trakya ‘Ilkeren’ grapes. On the other hand, ‘Victoria’
and ‘Cardinal’ are medium hard; ‘Alphonse Lavellee, ‘Royal, ‘Red Globe’ and ‘Mi-
chele Palieri’ grapes were evaluated with soft berries. Cantiirk and Kunter (2021)
determined as 3.96 N; K6k (2021) 5.26 N; the berry firmness in the “Trakya flkeren’
grape cultivar. Giuseppe-Ferrara et al. (2017) found fruit firmness in the “Victoria’
grape cultivar to be between 4.8-5.9 N; Alenazi et al. (2019) fruit firmness in ‘Red
Globe was between 11.6-12.9 N. In our research, it is thought that the differences
in fruit flesh firmness values are due to the ecology of the vineyard.
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Table 8. TSS, TA, pH and berry firmess of the cultivars

Cultivars TSS (%) TA (g/L) pH Berry gf)mness
‘Early Sweet’ 17.8cd 4.7d 3.3efg 6.61a
“Trakya [lkeren’ 16.7¢ 5.6¢ 3.0h 6.03b
‘Victoria’ 17.2de 5.2cd 3.3f 4.03¢
‘Cardinal 17.5¢cd 4.8d 3.2g 4.06¢
‘Alphonse Lavallee’ 19.1b 5.8bc 3.2fg 3.27e
‘Royal’ 18.1c 6.2b 3.3ef 2.98e
‘Red Globe’ 18.9b 5.0d 4.2a 3.33de
‘Michele Palieri’ 17.8cd 3.5e 3.5d 3.41d
‘Merzifon Karasr’ 20.7a 6.8a 4.0b ----
‘Ugni Blanc 20.9a 6.8a 3.9¢ -
*SEM 0.070 0.043 0.010 0.085
P<0.05 - - - -

*SEM: Standard error of the mean.

For table grapes, broad-sense heritability (the proportion of phenotypic vari-
ance explained by genotypic variance) of berry and bunch characteristics ranged
from 0.35 (bunch length) to 0.91 (berry width) (Figure 6). Berry traits (length, wi-
dth, mass, and firmness) all exceeded a heritability of 0.60. Heritability of bunch cha-
racteristics were also high, with only bunch length below a heritability of 0.50. Among
bunch characteristics, the greatest heritability was observed for bunch width (0.70)
followed by bunch mass (0.60). The heritability of acid traits TA and pH were greater
than TSS. Broad-sense heritability of pH was 0.88 and TA was 0.80, while TSS was 0.54.

100

bun_I

[ oo [l roson

Figure 6. Proportion of phenotypic variance attributed to genotype (GEN) and
residual for four berry traits (ber_f= berry firmness, ber_l= berry length; ber_ m=
berry mass; ber_w= berry width), three bunch traits (bun_l= bunch length; bun_
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m= bunch mass; bun_w= bunch width), and three fruit chemistry traits (pH,
TA-= titratable acidity; TSS= total soluble solids) across eight table grape cultivars
(‘Alphonse Lavellee, ‘Cardinal, ‘Early Sweet, ‘Michele Palieri, ‘Red Globe, ‘Royal,
“Trakya Ilkeren) and ‘Victoria’) grown in the Bafra district.
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Figure 7. Phenotypic correlations among four berry traits (ber_f= berry firmness,
ber_l= berry length; ber_m= berry mass; ber_w= berry width), three bunch traits
(bun_l= bunch length; bun_m= bunch mass; bun_w= bunch width), and three fruit
chemistry traits (pH, TA= titratable acidity; TSS= total soluble solids) across eight
table grape cultivars (‘Alphonse Lavellee, ‘Cardinal, ‘Early Sweet, ‘Michele Palieri,
‘Red Globe, ‘Royal, “Trakya Ilkeren, and ‘Victoria’) grown in the Bafra district.

Correlations among berry traits were positive for berry size metrics (berry len-
gth, width, and mass); contrastingly, larger berries were correlated with a reducti-
on in berry firmness (berry length: r= -0.521; p= 0.001; berry width: r=-0.763; p
<.001; berry mass: r=-0.655; p <.001). Bunch metrics were all significant positively
correlated (Figure 7). The fruit composition metric TSS was positvely correlated
with berry width (r= 0.447; p = 0.010) and negatively correlated with berry firm-
ness (r=-0.450, p =0.010). TSS was not significantly correlated with TA; however,
TSS was positively correlated with pH (r= 0.513, p= 0.003).
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4. CONCLUSION

It was determined that the early cultivars ‘Early Sweet’ and “Trakya Ilkeren’ and
mid-season cultivars ‘Red Globe, ‘Michele Palieri’ and “Victoria’ have potential in
the Bafra district. ‘Early Sweet’ and ‘Trakya Ilkeren’ cultivars were the earliest ri-
pening which contrasts with ‘Ugni Blanc, the last cultivar to ripen. In light of the
climatic parameters examined, the risk of fungal disease was determined to be high
due to the high relative humidity and the precipitation that initiates after August
in Bafra. As a result, ‘Early Sweet, ‘Trakya Ilkeren, ‘Cardinal, and ‘Victoria’ and
other cultivars that mature before the precipitation in September may be advanta-
geous for the Bafra plain. Simultaneously, site selection remains important, as such
work must continue to identify arable land where humidity is relatively lower and
altitude is relatively high within the Bafra plain to improve sustainability of grape
cultivation.
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DETERMINING CONSUMERS’ WILLINGNESS TO PAY IN VIEW
OF EXTRINSIC ATTRIBUTES OF ERZURUM STUFFED-KADRAYIF
WITH PROTECTED GEOGRAPHICAL INDICATION

ABSTRACT

The aim of the study is to determine consumers’ willingness to pay (WTP) in
view of the brand types and food retailers simulations from the product profiles
based on the intrinsic and extrinsic attributes of Erzurum Stuffed-kadayif pro-
tiles with Protected Geographical Indication, and then to create the marketing
strategies for each consumer segment. In order to reach to these goals, the main
material composed of the primary data obtained from consumers consuming Er-
zurum Stuffed-kadayif in Erzurum Province. Based on the data, k-means cluster
analysis was firstly used to segment heterogeneous consumer masses according to
their consumption frequencies, and choice-based CA model was secondly app-
lied to calculate the total utilities for each consumer segment and then to measu-
re consumers WTP for Erzurum Stuffed-kadayif profile simulations. The results
of the study highlighted that the light and heavy users’ WTPs with higher pre-
mium prices for the local brands and manufacturer outlets calculated as 48.0%
and 28.2%, and 40.8% and 26.5% respectively, but the medium users’ WTPs with
high premium prices for each product attribute found as 14.5%. Focused on such
consumer-oriented attitudes, the market actors should position Erzurum Stuf-
fed-kadayif with local retailer brands sold from the higher premium prices at the
manufacturer stores for the light and heavy users, but it should be implemented
the product differentiation strategies under the intrinsic and extrinsic food attri-
butes for the medium users.

Keywords: Conjoint Analysis, Erzurum Stuffed-Kadayif, Local Brand, Retailer, WTP.

ek

COGRAFi ISARETLI ERZURUM KADAYIF DOLMASININ
DISSAL URUN NITELIKLERI BAKIMINDAN TUKETICILERIN
ODEME iSTEKLILIKLERININ BELIRLENMESi

0z

Caligmanin amaci, cografi isaretli Erzurum Kadayif Dolmasinin i¢sel ve digsal
mamul niteliklerini temel alan {iriin profillerinden mamul marka tipleri ve gida
perakendecileri bakis agisindan tiiketicilerin 6deme istekliliklerini (WTP) belir-
lemek ve daha sonra her bir titketici gruplar: i¢in pazarlama stratejilerini olus-
turmaktir. Bu amaglara ulasmak i¢in Erzurum ilinde Erzurum Kadayif Dolmasi
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titketen titketicilerden elde edilen birincil veriler, arastirmanin ama materyalini
olusturmustur. Ilk olarak bu verileri temel alan k-ortalamalar kiimeleme analizi,
titketicilerin tiiketim frekanslarini dikkate alarak heterojen tiiketici gruplarini kii-
melemek i¢in kullanilmis ve daha sonra se¢im tabanli Conjoint Analiz (CA) mo-
deli, her bir grubun toplam faydasini hesaplamak ve Erzurum Kadayif Dolmasinin
profil simiilasyonlar: i¢in tiiketicilerin WTP 6l¢mek icin kullanilmistir. Arastirma-
nin sonuglary; ditgiik ve yogun bir sekilde kadayif dolmasini titketen kullanicilarin
yerel ve magaza markalar: icin yitksek fiyath WTP sirasiyla %48.0 ve %28.2 ile
%40.8 ve %26.5 olarak hesaplandigina, fakat ilimli diizeyde kullanicilarin ise her
iki marka i¢in yiiksek fiyath WTP %14.5 olarak bulunduguna isaret etmistir. Tii-
ketici odakli davraniglar tizerine odaklanan piyasa aktorleri, disiik ve yogun bir
sekilde kadayif dolmasini tiiketen kullanicilar i¢in imalat¢i magazalarinda yiiksek
fiyatlardan satin alinan yerel markali Erzurum Kadayif Dolmalarini konumlan-
dirmalidir, fakat ilimli diizeyde kullanicilar igin igsel ve digsal gida niteliklerini
dikkate alan mamul farklilastirma stratejileri uygulanmalidur.

Anahtar Kelimeler: Conjoint Analiz, Erzurum Kadayif Dolmasi, Yerel Marka,
Perakendeci, WTP.

2

1. INTRODUCTION

In recent years, there has considerably maintained a change on consumers’
food consumption preferences and purchase decisions under the negative effects
of global climate change due to lower yield and quality attributes suffered in plant
and livestock products, biodiversity losses, possible risk factors on food safety and
security at food life cycle from the farms to the retailer shelves, negative consumer
perceptions about emotional food quality attributes, as well as negative impacts
on human health and the environment (Rojas-Downing et al., 2017; Godde et al.,
2021; Bernabeu et al., 2023; Bouranta et al., 2023).

Under the impact of the Covid-19 pandemic and the Ukraine and Russia war
along with the negative effects of climate change, the production of wheat being
the main raw material of stuffed-kadayif has considerably decreased for the last few
years in the world and Turkey. As considered global wheat supply and demand
trends, while global wheat production and stocks decreased from 764 and 284
million tons in 2019 to 769 and 271 million tons in 2022, wheat consumption
increased from 741 million tons to 782 million tons (TEPGE, 2022). In response
to the decreases in both global wheat production and current stocks, a signi-
ficant increase in global wheat consumption was also observed in view of the
trend figures. Consequently, this situation has indicated the existence of a serious
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problem in meeting consumer demands of wheat supply worldwide and a large
supply gap in the future if the necessary preventive and adaptation studies are not
carried out to an adequate extent.

Wheat production in Turkey was 19.00, 17.65 and 19.80 million tons in 2019,
2021 and 2022 respectively, whereas domestic wheat consumption was given as
20.00, 19.01 and 19.00 million tons (TEPGE, 2022). In particular, it was abnor-
mally caused the product prices to increase with the effects of the panic buying by
narrowing the supplies of wheat and bakery products under the negative impacts
of ongoing climate change and the Covid-19 pandemic hitting 2019 (Arafat et al.,
2021). Indeed, while the average annual wheat price was b1.5 kg™ in 2018, it incre-
ased to about 5.5 kg'in 2022 (PTB, 2022). The dramatic increases in wheat price
at commodity markets caused wheat flour prices trading from $1.76 kg in 2018
to increase by $7.7 kg! in 2022 (PTB, 2022a). Manufacturing cost increase resul-
ting from excessive rises in the prices of Stuffed-kadayif ingredients such as sugar,
walnuts, pistachios and hazelnuts, along with the price of the flour being the main
input of Erzurum Stuffed-kadayif, therefore, caused the price per kg to rise from
B15 ($2) in 2019 to 140 ($7) in 2023.

On the other hand, besides the natural risk factors being of a negative impact
on agriculture and agricultural food industry, when the macroeconomic data ta-
ken into consideration for 2022-2023 years in Turkey, the consumer price index
(YI-CPI) and food price increases (food inflation) were annually realized as 50.51
and 67.89% (TSI, 2023). The annual increases in the producer price index (YI-PPI)
and food input prices were calculated as 62.45% and 88.38%, respectively (TSI,
2023a). The pressures of these inflationary and natural risk factors caused the food
prices to increase dramatically with the contraction in the economy by increasing
the production costs, and then the formation of social welfare losses created by the
contraction in demand resulting from the real decline in consumer incomes. This
situation caused an excessive increase in the share of consumer incomes allocated
to mandatory food needs in the expenditure budget and their WTP categorically
changed significantly depending on the marketing mix. Consumers trying to meet
their food needs under the effects of climate change have rationally tried to shape
their food choices and purchasing patterns at retailer selling points by taking into
account both the extrinsic food attributes and the negative developments in Tur-
kish economy in the last years.

It was reported in the previous researches that it was attempted to determine
consumers’ WTP against the foods, and to maximize their total benefits by having
been taken into account the external product characteristics (brand, labelling, pa-
ckage weight and size, price, geographical indications, retail selling points) on the
product profiles impacting their purchasing models at retail levels (Campbell et
al., 2023; Cardona et al., 2023; Carvalho and Spence, 2023; Edenbrandt and Nor-

https:/doi.org/10.7161/omuanajas1402221 d



Determining Consumers’ Willingness to Pay in View of Extrinsic...

dstrom, 2023; Fakhreddine and Sanchez, 2023; Gonzalez et al., 2023; Lin et al.,
2023; Milkovic et al., 2023; Petrontino et al., 2023; Yeh and Hirsch, 2023; Zanchini
et al., 2023; Zeng et al., 2023).

In these studies based on consumers’ food purchasing decisions, it was pointed
out that the product prices were the major determinant of their willingness to buy
and also provided vital information about their socioeconomic attributes reflecting
their purchasing powers. It was also reported that there is a very close relationship
between the prices of consumers’ WTPs for food products and product brand ty-
pes, the region of origin labeling and points of purchase, and the relative importan-
ce of these motivational factor levels maximizing the total utilities was also calcu-
lated higher than the others. It was also pointed out that there was a much stronger
relationships among consumers’ WTPs for the foods and their prices, brand types,
the region of origin labels and retail selling points, and thus the relative importance
(RI) of these motivational factor levels such as the local, private and national bran-
ds, mountainous and lowland region labels, organic, ecologic and conventional
labels, ecofriendly packaging, local selling store and markets etc. maximizing total
utility were also calculated higher than the others.

Especially when making food purchasing decisions based on consumers” ex-
periences with hedonic or external product quality perceptions, it was emphasi-
zed that they make purchasing decisions to a large extent by taking into account
the product mix such as the region of origin and prices (Topcu and Cavdar, 2022;
Bernabeu et al., 2023; Chaffee and Ross, 2023; Noor et al., 2023; Ong et al., 2023;
Onozaka et al., 2023), brands and labels (McLean et al., 2017; Schiano et al., 2020;
Baptista et al., 2022; Racette and Drake, 2022; Bernabeu et al., 2023), package we-
ight and size (Best et al., 2023; Campbell et al, 2023; Chaffee and Ross, 2023) and
retail outlets (Bytyqi et al., 2023; Curutchet et al., 2023; Seo and Kim, 2023), and
thus their willingness to pay was also much higher for the food products providing
higher extrinsic quality satisfaction.

Within the scope of the current research, extrinsic food attributes such as the
region of origin and labeling, brand, price, retail selling points and packaging stan-
dard and sizes as well as protected geographical indication, which impact on their
consumption preferences and purchase decisions towards Erzurum Stuffed-ka-
dayif shaped under three different manufacturing processes could consider to be
the main determinants of their WTPs. Measuring consumers’ WTPs for the food
profiles designed according to the extrinsic food attributes affecting consumers’
Erzurum Stuffed-kadayif preference and purchasing decisions, therefore, could al-
low not only food differentiation and sustainability along the supply chain but also
a positive consumption motivation on their WTPs to possible. In this context, the
aim of the study is to determine the willingness to pay according to brand type and
retail sales point simulations from food profiles based on intrinsic and extrinsic
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food attributes for homogeneous consumer groups residing in Erzurum province
and consuming Erzurum Stuffed-kadayif with protected geographical indication,
and then to create consumer-oriented marketing strategies.

2. MATERIALS AND METHODS

2.1. Materials

The main material of the study consisted of primary data obtained from fa-
ce-to-face questionnaires conducted with the households in Erzurum covering Ya-
kutiye, Aziziye and Palandoken Central Districts, consuming Erzurum Stuffed-ka-
dayif with Protected Geographical Indication (PGI). In addition to primary data,
secondary data were obtained from the data of various statistical institutions and
organizations (TSI, FAO, Erzurum Chamber of Commerce, Commodity Exchan-
ges), as well as domestic and foreign scientific research project reports and article
findings and results.

2.2. Methods

2.2.1. Method Used to Determine the Sample Size

In order to ensure the homogenous participation of the households consuming
Erzurum Stuffed-kadayif in Erzurum, the city were divided into three central dist-
ricts; Yakutiye (44.325 households), Aziziye (14.818 households) and Palandoken
(38.674 households), and then the sample size in Equation 1 was calculated with the
Simple Random Sampling Method (Malhotra, 1993; Churchill, 1995; Topcu, 2012)

2% k(1
n=2P702P) g5
C

(1)

In Equation 1,

n: Sample size

Z: Standardized Z value (1.96 at 95% confidence interval)

p: Erzurum Stuffed-kadayif consumption probability (0.50)

¢: Error term (£ 0.05)

The survey numbers under the proportional techniques were calculated as 175

in Yakutiye, 58 in Aziziye and 152 in Palanddken, and totally 385 in Erzurum by
taking into account the sample size and the number of households in each district.
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2.2.2. Method Used for Preparation of Questionnaire Forms

Factors related to the intrinsic and extrinsic food attributes that determine con-
sumers purchase decision and attitudes consuming Erzurum Stuffed-kadayif at
the research region and their socioeconomic and demographic characteristics were
obtained by adapting the variables used in domestic and foreign research to the
regions and related product.

Table 1. Factor and factor levels used in Conjoint Analysis for Erzurum Stuf-

fed-kadayif

Factors

Factor Levels

Manufacturing Technique

Product Content

Homemade Type

Walnut

Brand Type Local Brand
Retail Selling Point Restaurant
Package Weight and Size Large Size
Price’ Low Price ($5.0 kg*)

Manufacture Type

Hazelnut

Manufacturer Brand

Patisserie

Medium Size

Medium Price ($6.25 kg!)

Pistachio

Generic Brand

Manufacturer Shop

Small Size

High Price ($7.5 kg')

*Exchange rate is b $-120 on 29 May, 2023.

Table 2. Erzurum Stuffed-kadayif profiles derived by Orthogonal Design

#Card Price Product Content Manufacturing Brand Type Size Retailers

1 $6.25 Pistachio Manufacturer Type Local Brand Medium Size ~ Manufacturer
2 $5.00 Hazelnut Manufacturer Type Local Brand Medium Size Patisserie

3 $7.50 Walnut Manufacturer Type Local Brand Small Size ~ Manufacturer
4 $7.50 Walnut Manufacturer Type Local Brand Large Size Patisserie

5 $6.25 Walnut Homemade Type Generic Brand Small Size Patisserie

6 $5.00 Pistachio Manufacturer Type Generic Brand Small Size Patisserie

7 $5.00 Walnut Homemade Type =~ Manufacturer Brand Medium Size  Manufacturer
8 $6.25 Walnut Manufacturer Type Generic Brand Medium Size  Restaurant
9 $5.00 Pistachio Manufacturer Type Generic Brand Large Size ~ Manufacturer
10 $7.50 Hazelnut Homemade Type Generic Brand Large Size ~ Manufacturer
11 $6.25 Hazelnut Manufacturer Type ~ Manufacturer Brand ~ Large Size Patisserie
12 $6.25 Pistachio Homemade Type Local Brand Large Size Restaurant
13 $7.50 Pistachio Manufacturer Type ~ Manufacturer Brand ~ Small Size Restaurant
14 $7.50 Hazelnut Manufacturer Type Generic Brand Medium Size Restaurant
15 $5.00 Walnut Manufacturer Type  Manufacturer Brand ~ Large Size Restaurant
16 $7.50 Pistachio Homemade Type =~ Manufacturer Brand ~ Medium Size Patisserie
17 $5.00 Hazelnut Homemade Type Local Brand Small Size Restaurant
18* $6.25 Hazelnut Manufacturer Type ~ Manufacturer Brand ~ Small Size ~ Manufacturer

“ Holdout
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The intrinsic and extrinsic food attributes including in 6 factors and their 17
levels impacting on consumers’ Erzurum Stuffed-kadayif purchase patterns were
given in Table 1, and then 18 food profiles designed by Orthogonal Design under
choice-based Conjoint Analysis model were presented in Table 2. The profiles were
transferred to the questionnaire forms, and then the 18 profiles identified with the
card numbers were asked to be evaluated by each consumer on the ordinal scale
(the profiles providing the highest and lowest satisfaction were ranked from Ist
preference to 18th one, respectively).

2.2.3. Method Used in Statistical Analyses of Data

2.2.3.1. Conjoint Analysis

Conjoint Analysis (CA) is one of the market research tools used to measure
WTPs and market shares under various simulations of effective product profiles
developed by being applied the statistical techniques allowing consumers to cho-
ose the product profiles designed by the market researchers (Green and Krieger,
1991; SPSS Conjoint 20.0, 2020). The data needed to conduct the CA obtains from
the alternative product profiles evaluated by consumers. There was needed to four
stages to run the CA model firstly determining each factor and their levels, secondly
accepting fractional factorial design and then prefer scale types, and finally specif-
ying the expected relationship between the factors and the ranking (Topcu, 2019).

The first and second steps in the CA are to determine the suitable product att-
ributes and their levels. It was considered the six factors and their 17 levels related
to Erzurum Stuffed-kadayif in the current research (Table 1). Based on Erzurum
Stuffed-kadayif attribute levels, 486 product profiles under the potential hypot-
hetical scenarios were calculated by multiplying the numbers of each factor level
so that consumers could rank their ordinal preferences with full-profile appro-
ach, and since this situation will lead to an unmanageable number of potential
product profile, it is needed to generate a representative orthogonal array. To
solve this problem, therefore, the Generate Orthogonal Design procedure under
the full-profile approach is used to generate an orthogonal array, and the pro-
cedure creates a fractional factorial design presenting a suitable fraction of all
possible combination of the attribute levels (Topcu, 2019a). In the study, the 486
possible Erzurum Stuffed-kadayif profiles were diminished to the 18 profiles as
a suitable fraction (Table 2).

In the third step, the respondents were rationally asked to assign a rank to each
product profile ranging from 1 (most preferred) to 18 (least preferred) in the qu-
estionnaire interview conducted on the participant preferences for the 18 Erzu-
rum Stuffed-kadayif profiles. Finally, the RIs of the factors and the part-worths
of each factor level, resulted from the conjoint procedure are calculated through
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the factors subcommands allowing it to specify the model describing the expected
relationships between the factors and the rankings (SPSS Conjoint 20.0, 2020). The
most commonly used model for these goals is linear additive approach identified
by the sum of the part-worths of the factor levels. In the current study, the additive
conjoint model was used and also given in Equation 2.

n m ¥y
TUU = |SD + z ngll'Dl!' +z B:}'D:i War aen vEe man awe aer vme wee men + z I‘g.t'kaJ-.'
k=1

i=1 =1

, (2)
In Equation 2,

TU;jrefersto i (i = 1,...n) and j (j = 1, ..., m) total utilities for each product profile,
Biir Bajr Bay indicate the part-worth related to the factor levelsi (i = L..,nkiji = L ...om) k(k = 1,.....5)

of the factor 1,2 and x,

Dy Do, and Dy, identify dummy variables taking a value of 1 if a ranking level for the factor levels is in the
profiles, and a value of 0 in the others,

B, symbolizes a constant representing the average preference level for each product profile.

In additive conjoint models, the model specifications for each factor could be
specified by four models including in discrete, linear, ideal and anti-ideal models
(SPSS Conjoint 20.0, 2020). In the study, the discrete model indicating the factors
levels being categorical and making no assumption about the relations between
the factors and the ranks was used for manufacturing and brand types, product
contents, package size, retail selling points. Linear model identifying with an expe-
cted less direction of linear relationship between the factor and the ranks was also
applied for the product price in compliance with Demand Law.

2.2.3.2. Willingness to Pay (WTP)

The real power of CA come from the ability to predict the preferences for the
product profiles that were not rated by the participants, by referring to the simu-
lation cases functioned as a part of the plan along with the profiles from the ort-
hogonal designs. Simulation results, therefore, give the predicted probabilities of
choosing each of the simulation cases with the most preferred one under different
probability-of-choice models. The maximum utility model determines the proba-
bility as the number of consumers predicted to choose the profile divided by the
total number of them. For each participant, the predicted choice or the probabi-
lity is only the profile with the largest total utility. In summary, the probability
as the rate of a profile’s utility to that for all simulation profiles, averaged across
all respondents is determined by the BTL (Bradley-Terry-Luce) model, and then
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the logit model being similar to the BTL model is used to explain the probability,
considering the natural logarithm of the utilities instead of the utilities (Green and
Krieger, 1991; Murphy et al., 2004; SPSS Conjoint 20.0, 2020).

Table 3. WTP simulation profiles according to the brand types of Erzurum
Stuffed-kadayif

#Card Price Product Content Manufacturing Brand Type Size Retailers
19° $5.00 Walnut Homemade Type ~Manufacturer Brand  Large Size ~ Manufacturer
20° $6.25 Walnut Homemade Type ~Manufacturer Brand ~ Large Size ~ Manufacturer
21° $7.50 Walnut Homemade Type ~Manufacturer Brand ~ Large Size ~ Manufacturer
220 $5.00 Walnut Homemade Type Local Brand Large Size  Manufacturer
232 $6.25 Walnut Homemade Type Local Brand Large Size  Manufacturer
24° $7.50 Walnut Homemade Type Local Brand Large Size  Manufacturer
25° $5.00 Walnut Homemade Type Generic Brand Large Size ~ Manufacturer
26° $6.25 Walnut Homemade Type Generic Brand Large Size  Manufacturer
27 $7.50 Walnut Homemade Type Generic Brand Large Size ~ Manufacturer

@ Simulation cases

Out of the 17 Erzurum Stuffed-kadayif attributes in the study, two different
nine simulation profiles for both three brand types in Table 3 and three retail sel-
ling points in Table 4 were designed to measure the participants’ WTPs at three
different price levels covering $7.50 and $6.25 with 50% and 25%-increased from

$5.0 baseline reference level.

Table 4. WTP simulation profiles according to retail selling points of Erzurum
Stuffed-kadayif

#Card Price Product Content Manufacturing Brand Type Size Retailers
19° $5.00 Walnut Homemade Type Local Brand ~ Large Size Restaurant
20° $6.25 Walnut Homemade Type Local Brand  Large Size Restaurant
21° $7.50 Walnut Homemade Type Local Brand  Large Size Restaurant
22° $5.00 Walnut Homemade Type Local Brand ~ Large Size Patisserie
23° $6.25 Walnut Homemade Type Local Brand  Large Size Patisserie
24> $7.50 Walnut Homemade Type Local Brand ~ Large Size Patisserie
250 $5.00 Walnut Homemade Type Local Brand ~ Large Size ~ Manufacturer
26" $6.25 Walnut Homemade Type Local Brand  Large Size ~ Manufacturer
27 $7.50 Walnut Homemade Type Local Brand ~ Large Size ~ Manufacturer

b Simulation cases
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2.2.3.3. Cluster Analysis

In order to construct the different homogenous clusters of consumers consu-
ming Erzurum Stuffed-kadayif, k-means cluster analysis was used, and then they
were segmented to three groups to be heavy (3-4 times consumption at week), me-
dium (1-2 times consumption at week) and light (3-4 times on month) users with
117, 156 and 112 households, respectively.

2.2.3.4 . Comparison Statistics

It was used Pearson Chi-square (x?) statistics to test the comparisons between
Erzurum stuffed-kadayif consumption frequencies and demographic factors (sex,
education and occupation), and One-way ANOVA (F statistics) to compare the
relations between their consumption frequencies and the socioeconomic factors
(age and family size groups, income and expenditure groups).

3. RESULTS AND DISCUSSION

3.1. Consumers’ Demographic and Socioeconomic Profiles

Participants’ gender, age and life cycle, education and occupation status,
monthly income and expenditure groups at each cluster were presented in Table 5.
The results of the study indicated that 59% of the target consumer mass consisted
of men, and the consumers with college graduate and white collars concentrated
generally at each consumption segment of Erzurum Stuffed-kadayif. On the other
hand, the results also highlighted that the average age of overall consumers was
43.38 years, and the family size consisted of 4.22 individuals, and the middle age
group and large families showed intensity at each consumption segment. Simi-
larly, the average income and expenditure levels for all consumption groups were
$1406.30 and $875.69, and these economic indicators also were of the highest sha-
res at each consumer segment.

ANAJAS, 2024, Cilt 39, Sayi 1, Sayfa 163-182



Yavuz TOPCU, Tuba GULER

Table 5. Consumers’ various demographic and socioeconomic attributes

Consumption segments of Erzurum Stuffed-kadayif

Overall consumers

Consumers’ attributes Light users Medium users Heavy users
n % " % n % n %
% Male 77 66 a5 55 65 58 227 59
5‘. Female 40 44 71 45 47 42 158 41
(Pearson Chi — kare) = yluns0 = 24746 p=0.001
= Literate 4 4 9 [ 3 3 16 4
% First school 20 17 39 5 il 18 a0 23
_5 High school 45 39 k) a5 i5 3l 119 30
College 48 41 69 44 43 38 160 42
(Pearson Chi — kare) = yfigs4, = 77.378  p=0.001
Businessman 11 9 27 17 13 12 51 13
- ‘White-collar 50 43 49 31 42 38 141 37
2 Blue-collar 18 15 12 & 17 15 47 12
% Retailers 27 23 40 36 26 24 93 24
'QE Pensioners 9 8 15 10 12 11 £l 9
Farmers 1 1 7 5 1 1 el 2
Housewife 1 1 ] 4 1 1 ] 2
Total 17 100 156 100 112 100 385 100
x n X n X n x n
= +< 30 years (young) 30.76 37 3043 30 30.56 16 30.60 83
Ec. 30-50 years (mature) 42.23 69 4333 B84 4259 64 42.76 217
3‘* + = 50 years (more mat.) 56.64 11 58.05 42 56.94 32 57.45 85
Group means 3996 1z 4481 156 44.97 112 4338 385
Fisazzy = 10559 p=0.001
s, +<$400 (low-income) 32143 14 360.00 24 365.00 12 350.40 50
g $400-1000 { middle-income) 416.04 a1 751.56 109 750,91 88 740.14 288
s + > $1000 (high-income) 1396.33 12 1421.74 23 1384.67 12 1406.30 47
Group means T38.80 17 790.13 156 77746 112 770.85 385
Fanzz) = 0.903 p=0.406
E +8400 (low-expenditure) 320,00 21 318.60 43 310.00 19 31699 83
"“; . $400-700 (middle-expend) 591.94 62 582.90 69 596.56 61 5o0.16 192
L%:‘ +=8700 (high-expenditure) 848.82 M 885.36 44 850.94 32 B75.69 110
Group means 617.78 17 595.36 156 632.05 112 6l2.85 385
Flynzzy = 0.903 p=0.404
+< 4 person (core family) 255 56 263 40 268 25 2.60 121
4-6 person (small family) 4.18 57 4.64 108 467 75 4.54 240
+= 6 person (large family) 11.00 4 850 8 9.17 12 925 24
Group means 363 117 432 156 4.71 112 421 385

Fsanz) = 10084 p=0.001

X @ arithmetic means n: sample size %: relative rate *exchange rate is £ $-15.75 on September 15, 2019

3.2. The Results of the CA

The RI of Erzurum Stuffed-kadayif attributes and the part-worths of their le-
vels which impact on consumers’ consumption preferences and purchase decisions
along with goodness-of-fit test statistics were given in Table 6. Pearson’s R and
Kendall’s tau values measuring the correlations between observed and expected
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values under the full-profile approach, revealed a strong relationship for both ove-
rall consumers and each consumer segment

(Pearsons's R = 0.960 — 0.986; p < 0.001) and (Kentall's tau = 0.843 — 0.961; p < 0.001).

The results of the research emphasized that while the manufacturing type,
product content and size reflecting the intrinsic food attributes of Erzurum Stuf-
fed-kadayif were of the RI with 34%, 19% and 14% on overall consumers’ purchase
decisions, the RIs for its brand type, price and retail selling points representing the
extrinsic product attributes on their purchase patterns calculated as 12%, 11% and
10%, respectively. On the other hand, the RI of price for light users, that of brand
type and retailers for medium users and that of package weight-size for heavy users
were found the highest rates on Erzurum Stuffed-kadayif consumption satisfaction.

In previous studies conducted on the satisfaction, utility and pleasure feelings
provided by extrinsic and intrinsic food attributes playing a major role on con-
sumers’ preferences and purchase patterns, it was reported that production and
processing techniques of food products (Bernabeu ef al., 2023; Bytyqi et al., 2023;
Curutchet et al., 2023), product content and components (Baptista et al, 2022;
Best et al., 2023; Chaffee and Ross, 2023;) and package weight-size (Best et al.,
2023; Campbell et al., 2023) factors were of higher RI on their purchase decision,
and thus also were of a strong correlation between them and willingness to pay a
premium. In addition, Realini et al. (2013) and Grunert et al. (2015) reported that
consumers on red meat consumption preference in European Union countries had
moderate and high RIs variating from 45% to 88% for the region of origin, from
18% to 62% for manufacturing type, from 25% to 75% for product content.

On the other hand, in choice-based CA researches conducted by Bernabeu et
al. (2023), Campbell et al. (2023), Chaffee and Ross (2023), Curutchet et al. (2023),
Noor et al. (2023), Ong et al. (2023) and Seo and Kim (2023), it was highlighted
that the RIs of the extrinsic food qualities, especially price, brand, promotion, pa-
ckaging and retailers were major determinant factors on the decision to purchase
from online and food retailers, but the sensory quality attributes focused on core
benefits of the product, especially under the effects of climate change experienced
in the last years, addressed among more effective decision factors.
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Table 6. Relative importance of Erzurum Stuffed-kadayif preference factors
and their part-worth based on the CA

Consumption segments of Erzurum Stuffed-kadayif
Overall consumers

Product attributes

Light users Medium users Heavy users
and their levels
Utility SE Utility SE Utility SE Utility SE
E, Walnut 1.487 0.507 1.332 0.285 1.750 0.249 1.501 0.338
§ Pistachio -0077 0.500 -(.382 0.284 -0.705 0.248 -0.384 0.330
,é Hazelnut -1.409 0.501 -0.950 0.280 -1.045 0.200 -L117 0.328
E RI %1755 %18.56 %21.47 $%19.10
%a Manufacturer type -2.467 0.380 -2.220 0214 -2.298 0.186 -2317 0.253
‘g. % Homemade type 2467 0.381 2.220 0.210 2298 0.180 2317 0.235
§: Ri %29.89 %3611 9035.31 $a33.98
Manufac. brand 0.105 0.507 0.048 0.286 0.030 0.249 0.060 0.338
= g Localbrand 0.753 0.500 0.858 0.283 0.600 0.247 0.777 0.330
g g Generic brand -0.858 0.501 -0.906 0.280 -0.720 0.220 -0.837 0.328
RI %9.76 %14.35 %a10.84 $611.93
k=) Large size 1.358 0.507 0.710 0.286 0.991 0.249 0.989 0.338
g’ . Medium size -0.238 0.500 0.114 0.281 0.140 0.275 0.015 0.330
50 3 Small size -1.120 0.490 -0.825 0.278 -L131 0.250 -1.004 0.328
:“" Ri %15.02 %1249 Yol6.30 Ja14.37
Restaurant -0.644 0.507 -0.800 0.286 -0.573 0.249 -0.687 0.338
= g Patisserie 0.148 0.500 -0.029 0.275 -0.006 0.230 0.031 0.318
é ;:‘c- Manufac. store 0.497 0.501 0.829 0.280 0.579 0.245 0.655 0.348
'_§ R %6.91 %13.25 %885 %610.05
B $5.00 1.722 0.439 -0.323 0.247 0.471 0.215 0.530 0.292
é- *:; 86.25 3444 0.878 -0.645 0.495 0.942 0.431 1059 0.585
% é §7.50 5.167 1.318 -0.968 0.742 1.413 0.646 1.589 0.877
[ RI %.20.87 %5.25 %7.24 %10.57
Constant coefficient 6.873 0.957 10.884 0.539 9.327 0.469 8.212 0.637
The relationships between observed and expected values
Statistical measures Value P Value P Value P Value P
Pearsons’s R 0.960™ 0.001 0.979™ 0.001 0.986™ 0.001 0975 0.001
Kenall's tau 0843 a.001 0.895™ 0.001 0.961™ 0.001 0.908™ 0.001
**p<0.001 S.E: Standard error Utility: Part-worth

*Bold and bold italic values refer to maximum utility for the factor levels and to maximum RI scores.

In addition to the RIs of experiential satisfaction on consumers’ purchase de-
cisions; it is of great importance to calculate the part-worth determining the total
benefit. For this purpose, when considered the factor levels affecting the target
consumer masses purchase decision towards Erzurum Stuffed-kadayif, homema-
de type, high price level, walnuts use as product content, product with large size,
local brand type and manufacturer selling points provided the highest part-worth.
The light users provided maximum total utility from the part-worth of homemade
Erzurum Stuffed-kadayif with higher price prepared by walnut, whereas the medi-
um and heavy users also reached to maximum total utilities from only homemade
product with walnut. Under the maximum part-worth at all consumption clusters
(except for medium users), therefore, the consumers approved the WTPs to accept
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a differentiated variation of homemade Erzurum Stuffed-kadayif manufactured
with walnuts at the higher prices on their purchase decision motivations.

In the various studies, it was also highlighted that the part-worths of the ma-
nufacturing types, product contents, brand types, prices, product size standards
and retail outlets maximizing consumers’ total utilities for the food products were
the major indicator clues, and the interactive relationships among these factors
on their consumption satisfaction were of a bigger impact on their WTPs for the
foods. (Topcu, 2019; Yeh and Hirch, 2022; Cardona et al., 2023; Edenbrandt and
Nordstrom, 2023; Gonzalez et al., 2023; Gorton et al., 2023; Lin et al., 2023; Milko-
vic et al., 2023; Petrontino et al., 2023; Zanchini et al., 2023). In more detail, it was
pointed out that consumers were of a higher willingness to pay for local-branded
foods guaranteed by the intrinsic product attributes based on homemade manufa-
cturing and natural or organic production techniques under the region and origin
creating a positive impact on their food purchase models maximizing the total
utilities, and that they were making a great attempt to reach to the retailers of these
foods. It was also emphasized that food prices impacting on consumers’ food purc-
hase decisions could directly affect their willingness to pay and part-worths, which
enable the maximization of their total utilities.

3.3.3. The Results of the WTP for the Brands

Consumers’ WTP for product profiles simulated according to the brand types
(local, generic and manufacturer brands) being of an impact on their purchase
decisions towards Erzurum Stuffed-kadayif was given in Table 7. The results of
the WTP indicated that 24-numbered profile of Erzurum Stuffed-kadayif, home-
made large-sized product with walnut sold at manufacturer outlets under local
brand with the highest price ($7.5 kg') and the baseline price ($5 kg') provided
the utility maximization with 17.04 TU and 15.98 TU to 30.2% and 13.3% of ove-
rall consumers. Similarly, the WTP of the light and heavy users along with overall
consumers for the local brand at the highest price level ($7.5 kg"') calculated by
50% premiums to the threshold price ($5 kg') found as 48%, 28.2% and 30.2% at
the product profiles maximizing TU, respectively. Differentiated from the other
consumer groups, however, the WTP of the medium users for the local brand at
the baseline price level ($5 kg") determined to be 27.5% at the maximum TU level.
In the food profiles maximizing TU of consumers for the local brands, therefore,
while there was a negative correlation among the medium users’ WTP tends and its
price, it was seen a positive relation for other consumer groups. On the other hand,
it was not reached to Erzurum Stuffed-kadayif profiles maximizing TU of overall
and each consumer segments for the manufacturer and generic brands, and thus
the consumers’ WTPs were not assessed for these brands.
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Table 7. Consumers’ WTP according to brand types of Erzurum Stuffed-kada-
yif profile

Consumption segments of Erzurum Stuffed-kadayif
Overall consumers

:§ § g :é Light users Medium users Heavy users
TU  Logit(%) U Logit (%) TU Lagit (%) TU  Logit (%)
:&;.' 85.00 19 14.508 0.8 15.701 122 15.446 57 15.264 6.2
ulg_ E $6.25 20 16.230 45 15.378 89 15917 9.1 15.794 7.5
:-‘: §7.50 21 17953 251 15.056 6.4 16.388 146 16.323 154
”‘gmmsébb””z’z ”””” 15156 15 1651 ws 6106 10 15981° 133
2 $6.25 23 16.878 8.6 16.188 199 16.577 176 16511 15.4
._1a §7.50 24 18.601 430 15.865 145 17.048 282 17.041 3032
E sw s 38 03 w47 e¥ 27 TP
-_‘:“ $6.25 26 15.267 L7 14.424 34 15.167 4.3 14.396 EN
é §7.50 27 16.990 96 14.101 25 15.638 6.9 15.426 6.3
%100 TU %100 TU %100 TU "%66.7 and "%33.3 TU

Out of previous studies conducted on WTPs considering choice-based CA ap-
proach, Nguyen and Truong (2021) and Zanchini ef al. (2023) reported that the or-
ganic and local-oriented food consumption was an important motivation tool due
to human health and environmental concerns, and thus consumers for these foods
accepted higher premium prices. Topcu (2019) brought out that consumers’ WTPs
with a higher premium for drinking milk with Marmara Region of origin maxi-
mizing their total utilities was 26% against to that with other region of origins. Lin
et al. (2023) emphasized that Chinese college students’ milk tea preferences were
largely impacted from tea brands and its production origin, and their WTPs with
a higher premium for famous tea manufacturer brands varied from 5% to 95%.

Similarly, Noor et al. (2023) highlighted that quality-oriented and safety-cons-
cious consumers preferred the organic certified vegetable labels, and their WTPs
for these vegetables costed higher premium prices on Indonesian consumers’ pro-
duct preferences certified. According to Godden et al. (2023), Kleih et al. (2023)
and Nawi et al. (2023) there was a strong positive correlation among the familiar
brands, front-of-pack labels, traceability and their prices on consumers’ buying
intentions, and thus it was pointed that these factors increased considerably their
WTP, but decreased the negative impacts of a higher price compared with other
attributes. This research focused on the brands of Erzurum Stuffed-kadayif, inde-
ed, highlighted that consumers’ willingness to pay the highest premium for recog-
nized and credible local brands varied from 15% to 48%, and thus the results also
approved by the results of previous studies.
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3.3.4. The Results of the WTP for the Retailers

Consumers’ WTPs for product profiles simulated according to the retailer out-
lets (manufacturer store, patisserie, restaurant) affecting their purchase decisions
towards Erzurum Stuffed-kadayif was indicated in Table 8. The results of the study
showed that 27-numbered profile of Erzurum Stuffed-kadayif, homemade large-si-
zed product with walnut sold at manufacturer outlets under local brand with the
highest price ($7.5 kg') and the baseline price ($5 kg*) provided the utility maxi-
mization with 17.04 TU and 15.98 TU to 27.2% and 13.0% of overall consumers.
Similarly, the WTPs of the light and heavy users as well as overall consumers for
the manufacturer stores at the highest price level ($7.5 kg) calculated by 50% pre-
miums to the threshold price ($5 kg') found as 40.8%, 26.5% and 27.2% at the

product profiles maximizing TU, respectively.

Table 8. Consumers’ WTP according to retail selling points of Erzurum Stuf-
fed-kadayif profile

Consumption segments of Erzurum Stuffed-kadayif
Overall consumers

é % g Light users Medium users Heavy users

= 5. TU  Logit (%) TU  Logif (%) TU  Logit(%) U Logit (%)

= $5.00 19 14.015 04 14.881 54 14.955 33 14.639 30

§ $6.25 20 15.737 23 14.559 39 15426 5.2 15.169 38

é $7.50 21 17.460 130 14.235 28 15.897 84 15.699 81
"_;_":is'ﬁo""zi _____ g7 09 15653 1l6 1552 58 15358 6l

% $6.25 23 16.529 5.1 15.330 8.4 15993 9.2 15.887 76

& $7.50 24 18.252 288 15.007 6.1 16.464 148 16.417 16.5

§ $5.00 25 15.156 1.3 16.511° 274 16.106 10.3 15.981 130

g 8625 2% 16.878 73 16.188 199 16577 165 16511 146

é $7.50 27 18.601° 40.8 15.865 145 17.048° 26.5 17.041° 272

%100 TU %100 TU %100 TU “%66.7 and “%33.3 TU

Differentiated from the other consumer segments, however, the WTPs of the
medium users for the manufacturer outlets at the baseline price level ($5 kg-1)
determined to be 27.4% at the maximum TU level. In the food profiles maximizing
TU of consumers for the manufacturer selling points, therefore, while there was a
negative correlation among the medium users’ WTP tends and its price, it was seen
a positive relation for other consumer groups. Unlike the manufacturer outlets, it
was not reached to Erzurum Stuffed-kadayif profiles maximizing TU of overall and
each consumer segments for the patisserie and restaurant, and thus the consumers’
WTPs were not assessed in view of these retail selling points.

Food retailer outlets along food supply distribution channels have generally
performed a vital function on consumers’ purchase decision and satisfactions in
the last decades (Lin and Januardi, 2022). Especially, it was also stated that retailers
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offering a hygienic indoor environment and shopping comfort and convenience,
and positioning the food products with high quality and differentiated varieties
and freshness under the wide and deep shelf placement were largely preferred with
consumers’ WTPs with higher premium prices (Best et al., 2023; Cambell et al.,
2023; Hsu et al., 2023; Nawi et al., 2023; Pascoe et al., 2023; Perrea et al., 2023).

It was reported by Topcu (2019), Alsubhi et al. (2022) and Pascoe et al. (2023)
moreover, that consumers’ WTP ranged from 3.7% to 91.5% higher prices for the
food retailers selling and serving at the manufacturer stores manufacturing local
foods under own famous private brands. Similar to the previous researches, it was
also analyzed in this study that consumers” willingness to pay for Erzurum Stuf-
fed-kadayif with local private labels selling at manufacturer stores calculated at
range from 14% to %41 premium prices.

4. CONCLUSIONS

According to the RIs and the part-worths of Erzurum Stuffed-kadayif profiles
estimated by choice-based CA model under ordinal utility approach, it was calcu-
lated the consumers’ WTPs and total utilities for each consumer segment by being
taken into consideration the brand types and retailers of the product. The results of
the study indicated that when considered Erzurum Stuffed-kadayif profile simula-
tions maximizing the total utility on overall consumers’ purchase satisfaction, their
WTPs with the highest premium and baseline prices for the retailer brands with
local private-labeled and the manufacturer stores was 30.2% and 13.3%, and 27.2%
and 13.0%, respectively.

Having presented similar consumption attitude to overall consumers, the light
and heavy users’ WTP the highest premium price for local brands and manufa-
cturer outlets calculated as 48.0% and 28.2%, and 40.8% and 26.5% respectively,
but the medium users’ WTPs with high premium for every two product attribute
found as 14.5%, and that baseline price for the each attribute observed as 27.5%
and 27.4%. The light and heavy users with the local retailer brand and manufactu-
rer store-oriented, indeed, satisfied from their WTPs with higher premium prices
under lower demand elasticity, whereas the medium users with product price-ori-
ginated acted with the product price-conscious rather than the brand and retailer
perceptions under higher price demand elasticity.

Based on such consumer-oriented attitude and behaviors, the market actors
along food supply chain should position Erzurum Stuffed-kadayif with local reta-
iler brands under private-labelled sold from high premium prices at the manufac-
turer stores for the light and heavy users. Unlike the light and heavy users, it should
be implemented the marketing strategies focused on Erzurum Stuffed-kadayif dif-
ferentiated according to the intrinsic (production and manufacturing types, pro-
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duct content) and extrinsic (brand type, retailer, package size, price) food attribu-
tes, considering the lower premium prices at the patisserie and restaurants for the
medium users. With these marketing strategies, not only the market actors at food
supply chain could penetrate further into each consumer segment through produ-
ct differentiations, and then proved higher total revenue, but consumers could also
provide higher consumption satisfactions by maximizing their total utilities.
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THE EFFECTS OF THE COMBINATION OF MYCORRHIZAE,
VERMICOMPOST AND HUMIC ACID APPLICATIONS ON
ORNAMENTAL SUNFLOWER GROWTH PARAMETERS

ABSTRACT

This study aimed to investigate the effect of the combination of mycorrhi-
zal fungi, vermicompost, and humic acid application on ornamental sunflower
growth. The study employed ornamental sunflower (Helianthus annuus L. cv.
‘Sunsantion’) as the plant material. Seedlings, acquired from a local ornamental
production company at the four-true-leaf stage, were planted in plastic pots (2 L)
containing peat perlite medium (1:1 v/v). The research incorporated three distinct
doses of humic acid (10, 20, and 30 ml/L) and vermicompost (10, 20, and 30 ml/L).
Humic acid (HA) and vermicompost (VC) were applied by soil drenching with 200
ml solution per pot. After one week, the seedlings were transferred into the pots.
In all Mycorrhizae applications, 2 g/pot mycorrhizae inoculated during seedling
transferred into the pots. Additionally, 20 ml of humic acid (HA20/M2) and ver-
micompost (VC20/M2) were combined with mycorrhiza application and applied
to the plants. No application was made to the control group. Relative growth rate
(RGR) was calculated from harvested samples of individuals from the same appli-
cation group at 15 and 30 days after plants were transferred into the pots. The hig-
hest RGR obtained from HA20/M2 and vermicompost VC20/M2 treatments was
3.55 and 3.48%, respectively. Additionally, the highest values of flower diameter
(11.71 cm), stem length (41.13 cm), stem diameter (8.46 cm), and flower longevity
(10.4 days) were observed in VC20/M2 treatment.

Keywords: Helianthus Annuus, Organic, Pot Flower, Fertilizer.

ek

MIKORIiZA, VERMIKOMPOST VE HUMIK ASIT
UYGULAMALARININ KOMBINASYONUNUN SUS AYCICEGI
BUYUME PARAMETRELERIi UZERINE ETKILERI

0z

Bu ¢alismada mikoriza, vermikompost ve hiimik asit uygulamasinin siis aygi-
¢egi bitylimesine etkisinin aragtirilmasi amaglanmigtir. Calismada bitki materyali
olarak siis aygicegi (Helianthus annuus L. cv. ‘Sunsantion’) kullanildi. Dort gergek
yaprakli agamada ticari firmadan alinan fideler, torf:perlit ortami (1:1 v/v) igeren
plastik saksilara (2 L) dikildi. Arastirmada ti¢ farkli dozda hiimik asit (10, 20 ve 30
ml/L) ve vermikompost (10, 20 ve 30 ml/L) kullanildi. Saks1 bagina 200 ml hiimik
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asit (HA) ve vermikompost (VC) uygulamalar1 topraktan fidelerin saksiya akta-
rilmasindan bir hafta sonra yapildi. Mikoriza uygulamalarinda 2 g/saks1 mikoriza
fidelerin saksilara sasirtilmasi sirasinda asilandi. Ayrica mikoriza uygulamasiyla
birlikte 20 ml'lik dozlarda hiimik asit (HA20/M2) ve vermikompost (VC20/M2)
birlestirilerek bitkilere uygulandi. Kontrol grubuna ise herhangi bir uygulama ya-
pilmadi. Nispi bitylime orani (RGR), bitkilerin saksilara aktarilmasindan 15 giin
ve 30 giin sonra ayn1 uygulama grubundaki bireylerin hasat edilen 6rneklerinden
hesaplanmistir. En yiiksek RGR, HA20/M2 ve vermikompost VC20/M2 uygula-
malarindan sirasiyla %3,55 ve 3,48 olarak elde edilmistir. Ayrica ¢icek ¢ap1 (11,71
cm), govde uzunlugu (41,13 cm), govde ¢apr (8,46 cm) ve gigek omrii (10,4 giin)
degerlerinde en yiiksek degerler VC20/M2 uygulamasinda gézlenmistir.

Anahtar Kelimeler: Helianthus Annuus, Organik, Saksil Siis Bitkisi, Giibre.

ik

1. INTRODUCTION

The sunflower (Helianthus annuus) is a member of the Asteraceae family. His-
torically, it has been utilized as an oil-producing plant, and over the past decade, its
appeal for ornamental cultivation has experienced a noteworthy rise (Vital-Vilchis
et al., 2020). The sunflower holds a prominent position as a primary choice for cut
flowers and garden plants. Its potential as a lucrative potted flowering plant is no-
table, thanks to short crop time, ease of propagation, and the allure of its attractive
flowers (Pallez et al., 2002).

Since the inception of the green revolution, there has been widespread utiliza-
tion of chemical fertilizers (such as soluble acidic NPK fertilizers), pesticides, and
herbicides to boost food productivity in response to the increasing demand for
food crops due to population growth. Applying chemical fertilizers contributes to
higher crop yields as plants directly or indirectly absorb essential nutrients from
these inorganic fertilizers. However, the persistent and extensive use of these che-
mical fertilizers results in detrimental effects on the agricultural ecosystem, inclu-
ding soil degradation, depletion of crop genetic and microbial diversity, contami-
nation of groundwater, and pollution of the atmosphere (Chaudhry et al., 2009).
Furthermore, chemical fertilizers have become indispensable for growers. On the
other hand, using organic fertilizer has been proven to contribute to environmen-
tal sustainability and agricultural production. Moreover, enhancing soil organic
matter through the application of organic fertilization has been identified by re-
searchers to improve the physical and chemical attributes of the soil, and various
organic fertilizers could potentially lower input costs (Mete et al., 2023; Sa et al.,
2023). Organic fertilization also augments microbial biomass, leading to heighte-
ned nitrogen fixation events, ultimately resulting in improved plant yield and qu-
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ality (Ozer and Uzun, 2013; Ozdemir and Ozer, 2016; Yildiz et al., 2023). Applying
farm manure, compost, vermicompost, and beneficial bacteria or fungi to the soil
boosts microbial activities, enhancing crop growth. Humic acid plays a pivotal role
in soil fertility and plant nutrition, as highlighted by Atiyeh et al. (2002). Soils rich
in humic substances support robust plant growth, rendering them more resilient
to stress, healthier, and capable of yielding higher quantities of crops with superior
nutritional quality (Pettit, 2004).

In ornamental plant production, the beneficial effects of organic substance tre-
atments have been reported in various species. For instance, applying humic acid
alone or in combination with other substances increases plant growth in gerbera
(Nikbakht et al., 2018), Tulipa gesneriana (Ali et al., 2014), Gladiolus grandiflorus
(Bashir, 2016) and Antirrhinum majus (Memon and Khetran, 2014). Additionally,
positive effects of humic acid applications on vase life were also reported in cut
flowers such as chrysanthemum (Fan et al., 2015), rose (Dastyaran and Farahi,
2015) and gerbera (Ansari et al., 2011). Vermicompost is a natural eco-fertilizer
produced by degrading organic matter through the interaction between microor-
ganisms and worms. There is ample scientific evidence that using vermicompost
significantly affects plants’ growth and productivity. (Durukan et al., 2019). The ef-
fects of vermicompost use are well demonstrated in many ornamental plants such
as chrysanthemum (Padamanabhan, 2021), gladiolus (Amit et al., 2013), cymbidi-
ums (Hatamzadeh, 2011) and marigold (Tyagi and Kumar, 2006). One of the other
effective treatments is mycorrhizal fungi, which are essential soil microorganisms
for terrestrial ecosystems and form beneficial symbioses with the root systems of
most agricultural plants (Popescu and Popescu, 2022). Xue et al. (2019) reported
that mycorrhizae applications improved root surface area and volume and expan-
ded the nutrient absorption area of the root system. Therefore, Kinik and Celikel
(2020) used mycorrhizae to enhance the rooting efficiency of hardwood cuttings in
Rosa canina. Additionally, Gaur et al. (2000) reported that mycorrhizae treatments
promote early flowering, increase flower number, and prologs flowering time in
Petunia hybrida, Callistephus chinensis, and Impatiens balsamina.

While ornamental plants aren’t intended for consumption, the cultivation
process involves widespread use of chemical inputs like pesticides and fertilizers,
like other agricultural products. These synthetic substances have adverse effects
on both human health and the environment. Organic farming techniques provide
viable solutions for cultivating ornamental plants, preserving nature and human
well-being, and maintaining market value, just as they do for other agricultural
products (Tiitiincii, 2022). Therefore, this study aimed to evaluate the effects of
vermicompost, mycorrhizae, humic acid, and combining mycorrhizae with humic
acid and vermicompost on potted sunflower growth.
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2. MATERIAL AND METHOD

2.1. Plant Material

The research was conducted during the summer of 2022 at a polyethylene
greenhouse located in the application area of the Agriculture Faculty at Ondokuz
Mayis University, Samsun, Tiirkiye. Throughout the growing season, hourly mea-
surements of minimum, maximum, and average temperatures were recorded using
a data logger within the greenhouse (Figure 1). The study employed ornamental
sunflower (Helianthus annuus L. cv. ‘Sunsantion’) as the plant material. Seedlings,
acquired from a local ornamental production company at the four-true-leaf stage,
were planted in plastic pots (2 L) containing peat perlite medium (1:1 v/v). Irrigation
was performed twice weekly with approximately 200 mL of tap water per pot. Notab-
ly, no fertilizers or chemicals for pest and disease control were utilized in the study.
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Figure 1. Maximum, minimum, and average temperature (°C) during
cultivation in the greenhouse.

2.2. Method

A procedure was followed to acquire the humic acid (HA) utilized. Initially,
310 liters of water were heated to around 80°C. Subsequently, 13 kg of potassi-
um hydroxide was introduced to the heated water. The resulting mixture was then
supplemented with 80 kg of leonardite, along with additions of salicylic acid (250
ppm) and IBA (500 ppm), ultimately reaching a total volume of 400 liters (Yildiz
et al,, 2023). Bacteria-enriched liquid vermicompost (VC) (Orpex Ltd. Tiirkiye)
and ‘Endo Roots Soluble Mycorrhiza’® (Bioglobal, 2014), consisting of Gigaspora
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margarita and eight species of Glomus genus mycorrhizal fungi were used as other
organic substances. Humic acids and vermicompost treatments were applied to the
seedlings once, one week after being transferred to pots. The research incorporated
three distinct doses of humic acid (10, 20, and 30 ml/L) and vermicompost (10, 20,
and 30 ml/L). HA and VC were applied by soil drenching with a 200 ml solution.
For the mycorrhiza application solution, 2 g of mycorrhiza was incorporated into
125 ml of water and applied to the seedlings by soil drenching. Additionally, the
concentrations of 20 ml/L of humic acid (HA20/M2) and vermicompost (VC20/
M2) were combined with mycorrhiza application. Mycorrhizae are inoculated du-
ring seedling transfer into the pots in all mycorrhizae applications. No application
was made to the control group (Table 1).

Table 1. Treatments applied in the study.

Applications Concentrations

Control Water

Humic acids (HA) 10, 20 and 30 ml/L
Vermicompost (VC) 10, 20 and 30 ml/L
Mycorrhizae 2 g/ 125 ml water

Humic acid + Mycorrhizae (HA20/M2) 20 ml/L + 2 g/ 125 ml water
Vermicompost + Mycorrhizae (VC20/M2) 20 ml/L + 2 g/ 125 ml water

2.3. Evaluated Growth Parameters

The relative growth rate (RGR) was calculated from harvested samples of indi-
viduals from the same application group at 15 and 30 days after plants were trans-
ferred into the pots. Five plants from each treatment were harvested at first (¢1) and
second harvest time (t2), and samples were dried in an oven at 70 °C for 48 h. Then,
the dry weights of the samples at first (W1) and second harvest time (W2) were
measured with an analytical balance. RGR was calculated according to Eq. (1) by
Hofmann and Poorter (2002) by modifying the formula as a percentage. In (W) is
the mean of In-transformed plants dry weight at time (t).

_In(W2)- In (WI)

EGR
t2 —tl

x 100 Eq.(1)

To more clearly reveal the relative growth rates of the applications compared to
the control group, the relative growth change (%) was calculated according to Eq.
(2). RGC is the mean of relative growth change on the basis of the control group.
RGR (Ai) is the relative growth rate of application “i,” and RGR (A0) is the relative
growth rate of the control application.
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RGR(AD) — RGR (40)

RGC (%) = RGR(AD)

x 100 Eq.(2)

Flower longevity of the plants was estimated by observing the flowers from the
blooming stage to wilting. At the full bloom stage, stem diameter (cm), stem length
(cm), and flower diameter (cm) were determined.

2.4, Experimental Design and Statistical Analysis

The study was arranged following a completely randomized design, featuring
ten replications, each involving a single plant. Variance analysis was conducted
using JMP statistical software version 8.1, and differences between treatments were
assessed using the LSD multiple comparison test.

3. RESULTS AND DISCUSSION

The relative growth rates (RGR) for different treatments were investigated to
assess their impact on the overall growth performance of the potted sunflower (Fi-
gure 2). According to the results, the control group exhibited a baseline RGR of
2.88%, providing a reference point for evaluating the various treatments.
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Figure 2. Effects of treatments on relative growth rate.

Among the treatments, the H20 treatment demonstrated a notable increase in
RGR, reaching 3.1%, and showcasing a positive effect on the growth rate compared
to the control group. Similarly, the H30 treatment exhibited a further enhance-
ment, with a relative growth rate of 3.19%, suggesting a dose-dependent response.
The VCI10 treatment showed a modest increase in RGR (2.94%), while the VC20
treatment displayed a more substantial improvement, reaching 3.41%. The M2 tre-
atment demonstrated a relatively high RGR of 3.33%, indicating its efficacy in pro-
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moting growth. Additionally, the H20/M2 treatment was calculated to be 3.55%,
reflecting a synergistic effect when the H20 treatment was combined with the M2
treatment. Similarly, the V20/M2 treatment was estimated to be 3.48, suggesting
a positive interaction between the V20 and M2 treatments (Figure 2). When the
control application is taken as a reference point for other treatments, H20/M2 and
V20/M2 treatments increased relative growth change by 23.2% and 20.8%, respec-
tively (Figure 3). The lowest enhancement in plant growth change was observed in
VC10 by 2% and 5.2% in HA10 treatments.

23

HAILD HA20 HA30 vC1o vC20 el M H20/M2 V20/M2

— et [
(=1 L [=]

Relative Groth Change (%)

Figure 3. Percentage of relative growth change in the basis of control treatments

Humic acid treatments (HA) at different concentrations affected flower dia-
meters differently. The control group exhibited an average flower diameter of 9.64
cm, the reference point for comparing other treatments. The HA10 treatment re-
sulted in a flower diameter of 9.47 cm, while HA20 slightly increased to 9.68 cm.
The highest dose, HA30, significantly enhanced flower diameter to 10.28 c¢m, in-
dicating a dose-dependent response. Vermicompost treatments (VC) at different
concentrations greatly impacted flower diameter. The VC10 treatment resulted in
a flower diameter of 10.72 cm, and VC20 maintained a similar level at 10.7 cm.
The highest dose, VC30, showed a substantial increase in flower diameter to 11.5
cm, signifying a significant improvement compared to other treatments. The my-
corrhizae treatment (M2) displayed a flower diameter of 10.37 cm, indicating a
positive effect on growth. When combinations of treatments were considered, the
H20/M2 treatment resulted in a flower diameter of 10.72 cm, and the V20/M2
treatment displayed a flower diameter of 11.71 cm (Table 2). These results suggest
potential synergistic effects between specific treatments. According to the results,
the statistical analysis revealed significant differences between treatments. The hig-
hest flower diameter was observed in the VC30 treatment, while the combinations
H20/M2 and V20/M2 demonstrated notable effects on flower diameter (Figure 4).
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Figure 4. Effects of applications on flower diameter (cm).

Humic acid treatments (HA) at different concentrations displayed a range of
stem lengths. The HA20 treatment and control group showed a minimum value of
38.16 cm, while HA30 had a maximum of 40.72 cm among humic acid treatments,
indicating a dose-dependent response. Vermicompost treatments (VC) at different
concentrations also demonstrated a range of stem lengths. The VC10 treatment
had a minimum value of 38.62 cm, while the VC30 treatment exhibited a signifi-
cant enhancement with a 40.39 cm stem length. The mycorrhizae treatment (M2)
resulted in a stem length of 39.74 cm, indicating a positive effect on growth. When
combinations of treatments were considered, the V20/M2 treatment exhibited the
highest increase in stem length (41.13 cm) among treatments (Table 2).
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Table 2. Effects of different organic substances on stem growth and flower longevity.

Stem Length (SL) Stem Diameter (SD) Flower Longevity (FL)
Treatments (ml/L)

(cm)* (cm)** (days)*¥*
Control 38.16 ¢ 7.83 ¢ 8.6e
HA10 39.27 abc 8.17 abc 8.93 cde
HA20 38.16 ¢ 831 ab 9.4b-e
HA30 40.72a 8.20 abc 9.4b-e
VC10 38.62 bc 7.98 be 9.86 abc
VC20 39.76 abc 8.07 abc 9.60 a-d
VC30 40.39 ab 791 c 9.93 ab
M2 39.74 abc 7.89c¢c 8.86 de
H20/M2 39.83 abc 7.99 be 9.86 abc
V20/M2 41.13a 8.46a 10.4a

*p<0.05, LSD = 1.99 **p<0.05, LSD = 0.392; **p<0.01, LSDFL= 0.982

The investigation into stem diameter across diverse treatments has provided
valuable insights into the potential effects of various amendments on plant growth.
The control group exhibited a baseline stem diameter of 7.83 cm, serving as a re-
ference for comparative analysis. HA treatments at different concentrations de-
monstrated a dose-dependent response, with HA20 yielding the highest diameter
of 8.31 cm. Conversely, VC treatments exhibited a more comprehensive pattern
with VC20, resulting in a maximum diameter of 8.07 cm. M2 demonstrated a mo-
derate effect with a stem diameter of 7.89 cm. Intriguingly, the combinations of tre-
atments revealed notable synergies, as evidenced by H20/M2 and V20/M2, where
V20/M2 produced the highest observed diameter at 8.46 cm (Table 2).

Exploring potted sunflowers” flower longevity under diverse treatments has
yielded significant insights. Flower longevity was recorded as the lowest value, with
8.6 days in the control group. Humic Acid (HA) treatments demonstrated a prog-
ressive trend with increasing concentrations; HA10, HA20, and HA30 exhibited
flower longevity of 8.93 days, 9.4 days, and 9.4 days, respectively. A parallel pattern
was observed in Vermicompost (VC) treatments, where VC10, VC20, and VC30
resulted in flower longevity of 9.86 days, 9.60 days, and 9.93 days, respectively.
Mycorrhizal treatment (M2) displayed a moderate effect on the flowering period,
lasting for 8.86 days. The H20/M2 treatment yielded flower longevity equivalent to
VC10, standing at 9.86 days, while V20/M2 showcased the lengthiest duration at
10.4 days (Table 2).

According to the results, humic acid, vermicompost, and mycorrhizae treat-
ments positively affect evaluated parameters in accordance with previous studies.
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Mourad et al. (2020) reported that applying humic acid enhances sunflowers’
growth, yield, and certain chemical contents cultivated in saline soil conditions.
Baldotto and Baldotto (2015) investigated the influence of seed treatment with
humic acids on the growth and yield of field-grown ornamental sunflowers (Heli-
anthus annuus L.). Multiple variables related to flower stems were assessed during
harvest, including height, diameter, weight, leaf count, leaf fresh weight, leaf dry
matter, flower stalk count, and floral receptacle diameter, and data revealed consis-
tent increases in most variables, except for the number of leaves per stem, which
remained unchanged. Nagarajan and Mahadevan (2002) reported that sunflower
plants inoculated with arbuscular mycorrhizal fungi (AMF) showed significant
increases in plant growth parameters such as plant height and shoot and root dry
weight. Moreover, Giil et al. (2021) found that liquid and solid applications of ver-
micompost are beneficial to obtaining higher grain and oil yield in oil sunflower.
However, it is obvious that combining mycorrhizae with humic acid and vermi-
compost treatments resulted in better results, which may emphasize potential sy-
nergies between specific treatments, while others had varying effects. Additionally,
it is well known that humic acid and vermicompost contain nutrients and improve
soil nutrient contents. Therefore, the results may suggest that soil enriched with
nutrients increases the affinity and activity of mycorrhizae. Hussain et al. (2018)
indicated that mycorrhizae application and vermicompost enhanced growth and
yield performance in Triticum aestivum. Pezeshkpour et al. (2014) reported similar
results in chickpea production in another study. Habashy et al. (2008) established a
positive correlation between organic waste and compost and the presence of arbus-
cular mycorrhizal fungi, resulting in significantly higher root infection intensity
compared to the control treatment. Previous studies, such as those by Carrenho
et al. (2002) and Jan et al. (2014), have also reported increased percentages of root
mycorrhizal infection when mycorrhizal inoculums are combined with compost.
The elevated infection percentage observed in soil treated with vermicompost li-
kely contributed to enhanced plant nutrition uptake and significantly improved
growth and yield parameters.

4, CONCLUSION

In summary, the experimental results suggest that H20M2 and V20M2 treat-
ments positively influence the relative growth rate, stem length, stem diameter,
flower diameter, and flower longevity. Additionally, the study may reveal potential
synergistic effects between mycorrhizal fungi and vermicompost or humic acid
applications. These findings provide valuable insights into the potential applica-
tions of these treatments in promoting plant growth and could have implications
for various fields, such as agriculture or ecological restoration. However, a more
detailed study may be necessary to fully reveal this synergistic effect.
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Metarhizium anisopliae, Trichoderma hamatum VE
DIATOM TOPRAGININ Callosobruchus maculatus F.
(COLEOPTERA: BRUCHIDAE)'A KARSI YALNIZ VE
KOMBINASYON HALINDE ETKINLIGININ BELIRLENMESI

0z

Bu calismada, diatom topragi (DT) ile Metarhizium anisopliae (Ma) ve Tri-
choderma hamatum (Th) izolatlarinin bireysel olarak ve kombinasyonlar halinde
Callosobruchus maculatus (Coleoptera: Bruchidae) erginlerine kars: laboratuvar
kosullarinda etkinlikleri aragtirilmistir. Ma ve Th izolatlarimin bireysel olarak ti¢
konsantrasyonu (1x10% 1x10° ve 1x10% spor/mL) kullanilirken, kombinasyon-
larda da DT nin ¢ farkli dozu (200, 400 ve 800 mg/kg) ile her bir fungusa ait
en yiiksek doz (1 x 10® spor/mL) kullanilarak uygulamalar yapilmistir. Denemeler
25°C, %70 nispi nem ve 16: 8 aydinlik-karanlik periyodunda yiirittlmiistiir. Bi-
reysel uygulamalarda Ma ve Th'nin en yiiksek dozu (1 x 10%spor/mL) i¢in uygula-
madan sonra 8. giinde sirasiyla %87.5 ve %52.5 oraninda 6liim meydana gelirken,
DT’nin en yiiksek dozunda (800 mg/kg) uygulamadan 7 giin sonra %100 6lim
ortaya ¢ikmistir. Dahasi zamanin ve dozun artigina bagh olarak 6liim oranlari-
nin arttig1 gozlemlenmistir. Kombinasyon denemelerinde ise en yiiksek etkinlik 5.
gliniin sonunda %100 6liim orani ile DT (800 mg/kg) + Ma (1 x 10®spor/mL) uy-
gulamasinda gozlemlenmesinin yani sira bireysel uygulamada disiik bir etkinlik
gosteren Th en yiiksek dozda (1 x 10%) DT (800 mg/kg) ile kombinasyonu sonucun-
da 6. glinde %100 6liime sebep olmustur. DT’nin entomopatojenlerle ¢aligmada-
ki distik dozlarda bile 6nemli bir etkinlik gosterdigi belirlenmistir. Sonug olarak,
azalan uygulama oranlarina ragmen zararliya kargi umut verici potansiyele sahip
bu etmenler, ikili kombinasyonlarda kabul edilebilir sonuglar ortaya koymustur.
Bu ¢alisma DT’nin uygulama oranlarinin azaltilmasina yardimer olabilecek bu
umut verici bir yaklagimi ortaya koymakla birlikte uzun stireli depolama kogulla-
rinda C. maculatusa kars: pratik olarak kullanilabilecek bir yontem i¢in daha fazla
aragtirma yapilmasini tesvik edebilir.

Anahtar Kelimeler: Depo Zararlisi, Boriilce Tohum Bécegi, Entomopatojen
Funguslar, Dogal Insektisit, Biyolojik Etkinlik, Oliim Oranu.
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DETERMINATION OF THE EFFECTIVENESS OF Metarhizium
anisopliae, Trichoderma hamatum, AND DIRTOMOCEAUS
EARTH, APPLIED ALONE AND IN COMBINATION AGAINST
Callosobruchus maculatus F. (COLEOPTERA: BRUCHIDAE)

ABSTRACT

In this study, the efficiency of diatomaceous earth (DT), Metarhizium anisop-
liae (Ma), and Trichoderma hamatum (Th) isolates against Callosobruchus macu-
latus (Coleoptera: Bruchidae) adults was investigated under laboratory conditi-
ons. While Ma and Th isolates were used at three different concentrations (1 x 10%
1x10° and 1x10° spores/mL), the highest doses of each fungus (1 x 10® spores/
mL) were used in combination with three different doses of DT (200, 400, and 800
mg/kg). The trials were conducted at 25°C, 70% relative humidity, and 16:8 h light-
to-dark periods. Individual applications exhibited 87.5% and 52.5% mortality on
the eighth day after application for the highest doses of Ma and Th (1 x 10%spores/
mL), respectively, and 100% mortality on the seventh day after application for the
highest dose of DT (800 mg/kg). Also, it was observed that mortality rates increase
depending on time and dose. In combination trials, the most effective combination
was DT (800 mg/kg) + Ma (1 x 10®spores/mL) with a 100% mortality rate at the
end of the fifth day. Th, which was lower efficacy in separate applications, caused
100% mortality on the sixth day when combined with DT (800 mg/kg) at the maxi-
mum dose (1 x 10® spores/mL). It has been determined that DT is effective in com-
bination with entomopathogens, even at low concentrations. As a result, despite
lowering application rates, these agents, which have promising potential against
the insect, have shown acceptable results in binary combinations. The study shows
a potential strategy that may assist lower DT application rates and encourage addi-
tional research into a method that may be applied practically against C. maculatus
under long-term storage conditions.

Keywords: Stored Product Insect, Cowpea Weevil, Entomopathogen Fungi,
Natural Insecticide, Bioassay, Mortality Rate.

e o %
1. GIRIS

Diinya ve tilkemiz i¢cin 6nemli baklagillerden olan nohut, fasulye, mercimek,
bezelye, bakla ve boriilce, yitksek karbonhidrat ve protein igerigi ile insan beslen-
mesinde ve toprak verimliliginin ve strdirilebilirliginin saglanmasinda 6nemli
role sahiptir. Callosobruchus maculatus (E) (Coleoptera: Chrysomelidae: Bruchi-
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nae) baklagillerde 6nemli bir zarara sebep olan Tiirkiyenin pek ¢cok bélgesinde
ve Diinya ¢apinda tropik ve subtropik iklimlerde bulunan en 6nemli zararhlar-
dan birisidir (Ozdemir ve ark., 2020; Gad ve ark., 2021). Bu bocek depolarda ve
tarlada baklagillere saldirarak agirlik ve kalite kaybina, dolayisiyla tiriiniin piyasa
degerinin diigmesine (Elhag, 2000), tohumlarin ¢imlenme kabiliyetinin (Baier ve
Webster, 1992) ve protein degerinin azalmasina sebep olmaktadir (Mofunanya ve
Namgbe, 2016). Zararliya karsi fosfin ve piretroidler gibi kimyasal insektisitler kul-
lanilmasina ragmen bunlara kars1 zararlinin uzun vadede dayaniklilik kazanmasi,
insan saglig1 ve cevre tizerine olumsuz etkileri nedeniyle endiselerin artmasina se-
bep olmaktadir (Daglish, 2008). Bu nedenle, zararliya kars1 insan ve gevreye dost,
strdiirtilebilir alternatif miicadele yontemleri kapsaminda fiziksel uygulamalar,
dogal trtinler [diatom toprag: (DT) gibi], mikrobiyal/biyokontrol etmenleri de-
gerlendirilmistir (Abdelgaleil ve ark., 2021).

Diatom toprag1 yaygin bir sekilde tahil koruyucu olarak kullanilmakta olup,
depolanan tiriinlerde zararlilarin miicadelesi i¢in tahillarla karigtirilabilen toksik
olmayan bilesenlere sahiptir. Diatom toprag: formiilasyonlar1 bozulmaz/par¢alan-
maz ve bu nedenle depolanan iirtindeki boceklerin uzun vadeli kontroliinii saglar
ve insanlara/memelilere zarar vermemekle birlikte (Athanassiou ve ark., 2014),
elenerek ve yikanarak tohumlardan kolayca uzaklastirilabilmektedir (Korunic ve
ark., 1996). Boceklerin kiitikulasinin ¢izilmesi ve hasar gormesiyle viicudun su
kaybetmesi sonucu fiziksel olarak 6liim meydana gelmektedir (Korunic, 1998).
Ancak DT yiiksek uygulama oranlarinda (1000-3500 mg/kg) kullanilmakta olup,
bu da tane y1gin yogunlugunu, tane akigkanligini etkilemekte ve islenmis iirtinler-
de goriiniir kalintilara sebep olmaktadir (Permual ve Le Patourel, 1992; Korunic
ve ark., 1996). Bu problemlerin agilmasi i¢in DT nin 6rnegin entomopatojen fun-
guslar gibi tohum koruyucularla kombinasyonu ile dozlarin azaltilabilecegi ve de-
polanan tiriinde tatmin edici bir koruma saglayabilecegi vurgulanmistir (Ziaee ve
ark., 2019). Diatom topraginin Beauveria bassiana (Balsamo) (Hypocreales: Cla-
vicipitaceae) ve Trichoderma harzianum Rifai, Trichoderma asperellum Samuels
(Hypocreales: Hypocreaceae) gibi gesitli entomopatojen funguslarla (EPF) ikili
kombinasyonunun etkinligini degerlendirmek icin ¢esitli calismalar yapilmistir
(Gad ve ark., 2021; Abdelgaleil ve ark., 2021; Ozdemir, 2023). Diatom topraginin
ve EPF gibi farkli etki mekanizmalarina sahip dogal etmenlerin kombinasyon-
lary, dirtinlerin kalint1 riskini, uygulama dozlarini diistirerek ve bu etmenlerin
etkinligini artirarak depo zararlilarin kontrolii tizerine 6nemli bir potansiyel ta-
simaktadir (Gad ve ark., 2021).

Entomopatojen funguslar, hedef olmayan organizmalara zarar vermeme-
si, tirtinlerde toksik kalint1 birakmamasi ve insanlar igin giivenli olmas1 gibi
depolanmus iirlin zararhlarina kars: kullanmak i¢in onlar1 mitkemmel aday haline
getiren gesitli 6zelliklere sahip olmalar1 nedeniyle depo alanlarindaki bu bocekle-
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rin kontrolil i¢in olas1 seceneklerden birisidir (Moore ve ark., 2000; Athanassiou
ve ark., 2008). Metarhizium anisopliae (Metschn.) Sorokin ¢esitli zararli boceklere
kars1 yaygin olarak kullanilan bir fungus iken (Zimmerman, 1993), Trichoderma
tiirleri cesitli bitki patojenlerine karsi kullanilan yaygin olarak kabul goren bir bi-
yokontrol etmenidir. Bu funguslar insektisitlere gore daha gtivenli goriinmekte-
dir. Ancak 6nemli bir depo zararlisi olan ve depo sartlarinda ¢ok dol veren C.
maculatus’a kars1 insektisidal aktivitesi tizerine ¢ok az caligma rapor edilmistir
(Mahdneshin ve ark., 2011; Ozdemir ve ark., 2020; Gad ve ark., 2021; Abdelgaleil
ve ark., 2021; Ozdemir, 2023).

Depo zararlilarina kars1 6nemli bir potansiyel tagiyan DT nin EPF’lar ile kom-
binasyon halinde kullanilmasi ile yitksek muamele oranlarinin en aza indirilebil-
mesi saglanabilir. Diisiik oranlarda kullanilan DT ile EPF’lerin kombinasyonu
C. maculatusa karst artan bir etkinlik gostermistir (Abdelgaleil ve ark., 2021;
Ozdemir, 2023). Yukarida da bahsedildigi tizere bu yaklagimin zararlinin miica-
delesinde kullanilmas: {izerine kisith sayida ¢aliyma mevcuttur. Bu nedenle, bu
calisma EPF’lerin [M. anisopliae (Ma) ve Trichoderma hamatum Samuels (Th)]
bireysel olarak ve DT ile kombinasyon halinde C. maculatus’a kars: etkinligini
belirlemeyi amaglamaktadir.

2. MATERYAL VE YONTEM
2.1. Bocek Kiltird

Callosobruchus maculatus, Samsun, Ondokuz Mays Universitesi Ziraat Fa-
kiiltesi Bitki Koruma Boliimii, Entomoloji Laboratuvarina ait kiiltiirlerden elde
edilmistir. Denemelere baglamadan 6nce nohutlar diger zararlilarin yok edilmesi
amacryla 1 hafta siireyle -18°Crde tutulmustur. Zararlinin erginleri, icinde 200 g
sterilize edilmis nohut (Cicer arietinum L. var. Kog¢basi) bulunan cam kavanozlara
(500 ml) yerlestirilmis ve hava girisini saglayacak sekilde {izeri bir tiille kapatil-
migtir. Cam kavanozlar 25+ 1 °C ve %65 + 5 bagil nem kosullarinda ve 16:8 saatlik
151k-karanlik periyodunda yumurtlama i¢in inkiibe edilmistir. Denemelerde kul-
lanilacak ergin erkek ve disileri elde etmek i¢in kiiltiir her giin kontrol edilmistir
(Ozdemir ve ark., 2020).

2.2. DT Formiilasyonu

Denemelerde kullanilan K14 kodlu DT, Tiirkiyenin I¢ Anadolu Bdlgesinin iig
farkli ilinden elde edilen yerli DT nin belirli oranlarda kombinasyonu ile olustu-
rulmus olup, Bayram (2018) tarafindan K14’iin baz fiziksel ve kimyasal 6zellikleri
ayrintili olarak gésterilmistir.
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2.3. Entomopatojen Fungus Kiltirleri

Bu ¢aligmada kullanilan entomopatojen funguslardan ilki Ma (TR-55-019) ,
6nemli bir findik zararlist olan Anisandrus dispar Fabricius (Coleoptera: Curcu-
lionidae: Scolytinae) erginlerinden izole edilmistir ve bu izolat molekiiler olarak
karakterize edilmistir (GenBank erisim no: MN588143) (Kushiyev ve ark., 2022).
Digeri ise Th (F4), Tiirkiye'nin Karadeniz Bolgesinden toplanan toprak 6rnekle-
rinden elde edilmis ve molekiiler olarak karakterize edilmistir (GenBank erigim
no: MT341773) (Kushiyev ve ark., 2021). Her iki fungus izolat: Samsunda Ondo-
kuz May1s Universitesi, Ziraat Fakiiltesi, Entomoloji Laboratuvari koleksiyonunda
muhafaza edilmistir. Bu funguslar kiiltiire alinarak gelistirilmis ve spor stispansiyo-
nu Abdelgaleil ve ark. (2021)’nin metoduna gore hazirlanmistir. Sporlar, Olympus
CX31 151tk mikroskobu (Olympus America Inc., Lake Success, NY) altinda Neu-
bauer hemositometresi kullanilarak 1x 10, 1x10° ve 1x 10® spor/mL dozlarinda
ayarlanarak biyolojik etkinlik testlerinde kullanilmistir.

2.4. Biyolojik Etkinlik Testleri

Ma ve Th'nin 3 dozu [1x 10%, 1 x 10° ve 1 x 10® spor/mL) ve DT nin 3 dozu (200,
400 ve 800 mg/kg) C. maculatusa kars1 ayr1 ayr1 ve kombinasyon halinde uygulan-
mustir. DT i¢in bu oranlar, ytiksek oranli uygulamalarin (1000-3500 mg/kg) zararli
etkileri dikkate alinarak secilmistir. Abdelgaleil ark., (2021) tarafindan uygulanan
bir tohum karigtirma teknigi ikili kombinasyonlar i¢in kullanilmistir. Bu amagla
temiz ve steril 50 g nohut tohumu (var. Kogbast) 200 mI'lik cam kavanozlara yerles-
tirilmistir. 50 g nohut igeren her bir cam kavanoza Ma ve Th'nin uygulama dozunu
iceren sekilde 50 ul spor stispansiyonu olarak uygulanmistir. Uygulama yapilan
kavanozdaki nohutlarda fungus sporlarinin esit bir sekilde dagilmasini saglamak
i¢in 2 dakika boyunca elle ¢calkalanmistir. Bu kavanozlar, C. maculatusun erginle-
ri salinmadan veya kombinasyon halinde DT ile isleme tabi tutulmadan 6nce 30
dakika bekletilmistir. Benzer sekilde, DT i¢in 50 g nohut cam kavanozlara konul-
mus ve ardindan 200, 400 ve 800 mg/kg konsantrasyonlarda DT uygulanmustir.
Daha sonra bu kavanozlara ergin bocekleri salmadan 6énce DT nin kavanozdaki
nohutlar icerisinde esit sekilde dagildigindan emin olmak i¢in 5 dakika boyunca
elle calkalanmistir. Toplam 15 muamele (9 bireysel ve 6 kombinasyon muamelesi)
Tablo 1'de gosterildigi gibi uygulanmistir. Kontrol kavanozlarindaki nohutlar ise
50 pl distile su ile muameleye tabi tutulmugtur (Abdelgaleil ve ark., 2021). Bu kava-
nozdaki nohutlara her bir muameleden sonra, <24 saatlik yastaki 10 C. maculatus
ergini (5 &' +59) her bir cam kavanoza ayr1 ayr1 konulmustur. Tiim kavanozlar,
25+ 1°C ve %70 £5 bagil nemde ve 16:8 saat aydinlik/karanlik sartlara sahip inkii-
batore (KBWF 240) yerlestirilmistir. Denemeler her bir muamele igin 4 tekerriir-
lit olarak yiirtitilmistiir. Denemelerde her bir giiniin gozlemlerinin birbirinden
bagimsiz olmasini saglamak i¢in 6liimler birbirini takip eden 8 giin boyunca kay-
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dedilmistir (Ozdemir ve ark., 2020). Denemelerdeki tiim muamelelerde her giin
i¢in ayni sayida farkli bireyler (n=40 bocek/giin/izolat/oran) kullanilarak dene-
meler kurulmus olup, her sayim giiniinde ilgili giindeki boceklerin 6liimleri deger-
lendirildikten sonra o giine ait kavanozlar denemeden ¢ikarilmistir (Robertson ve
ark., 2007). Kontrol gruplari i¢in de ayn1 yontem izlenmistir.

Table 1. Calismada kullanilan DT, Ma ve Th'in bireysel olarak ve ikili kombi-
nasyonlar halinde uygulanan dozlar1

Diatom topragt M. anisopliae T. hamatum Diatom toprag (mg/kg) + Diatom toprag (mg/kg) +

(mg/kg) (spor/mL) (spor/mL) T. hamatum (spor/mL) M. anisopliae (spor/mL)
200 (DT1) 1x 10* (Mal) 1x10'(Thl) 200 + 1 x 10°(DT1+ Ma3) 200 + 1 x 10¥ (DT1+Th3)
400 (DT2) 1x 10°(Ma2) 1x 10°(Th2) 400 + 1 x 10°(DT2+ Ma3) 400 + 1 x 10° (DT2+Th3)
800 (DT3) 1x 10% (Ma3) 1x 10°(Th3) 800 + 1 x 10° (DT3+ Ma3) 800 + 1 x 10°® (DT3+Th3)

2.4. istatistiksel Analizler

Her bir muameleye ait giinliik 6liim oranlary, 6lii boceklerin muameledeki top-
lam bocek sayisina boliinmesi ve ortalamalarinin alinmasiyla bulunmustur.

3. BULGULAR

Bu ¢alismada bireysel olarak kullanilan Ma ve Th izolatlarinin 1x10% 1 x 106,
1x10% spor/mL konsantrasyonlarinda C. maculatusa karsi uygulanmas: sonu-
cunda, 6liim oranlarinin %47,5 ile %87,5 arasinda degistigi tespit edilmistir. Ma
izolatinda en diistik 6liim %60 ile 1x 10* konsantrasyonunda olurken en yiiksek
olim ise %87,5 ile 1 x 10 konsantrasyonunda elde edilmistir. Th izolatinda ise, en
diisiik 6liim %47,5 ile 1 x 10* konsantrasyonunda gozlemlenirken en yiiksek 6liim
ise %52,5 ile 1 x 10® konsantrasyonunda elde edilmistir (Sekil 1a, b). Tek basina de-
nenen DT nin ise 200, 400 ve 800 mg/kg dozu C. maculatus erginlerinde 8 giiniin
sonunda sirasiyla %90, %95 ve %100 oraninda 6liime sebep olmustur (Sekil 1c).
Bireysel uygulamalarin tiimiinde (DT, Ma ve Th) uygulama dozlarinin artmasina
paralel olarak 6liim oraninda artis gozlemlenmistir.
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Uygulama sonrasi giinler

Sekil 1. a) DT 200, 400, 800 mg/kg; b) Ma 1x10%, 1x10°, 1 x10® spor/mL; ¢) Th
1x10% 1x 105 1x10® spor/mL; d) 200, 400, 800 mg/kg DT ile
kombinasyon halinde 1 x 10® spor/mL Ma; e) 200, 400, 800 mg/kg DT ile
kombinasyon halinde 1 x 10® spor/mL Th ile uygulama yapilan nohut
tohumlarinda C. maculatus’un 6liim oranlar1

Manin 1x10® spor/mL dozu ile DT nin 200, 400, 800 mg/kg dozdaki kom-
binasyonlarimin C. maculatus erginlerine uygulanmasi sonucunda, DT (800 mg/
kg) + Ma (1x10® spor/mL) ilk glinden itibaren 5. giiniin sonuna kadar en yiiksek
etkinligi (%100) gosterdigi tespit edilmistir (Sekil 1d). Th'nin 1 x 10® spor/kg dozu
ile DT nin 200, 400, 800 mg/kg dozdaki kombinasyonlarinda da, benzer sekilde ilk
glinden itibaren zararlinin popiilasyonunda 6liim meydana getiren DT (800 mg/
kg) + Th (1x10® spor/mL) kombinasyonu 6. giiniin sonunda %100 6liime sebep
olmustur (Sekil 1e).
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4. TARTISMA

Bu ¢alismada, Entomopatojen fungus Ma ve Th izolatlar1 bireysel olarak ve DT
ile kombinasyon halinde C. maculatus erginlerine kars1 nohutlara laboratuvar sart-
larinda uygulanmis ve kombinasyon halindeki uygulamalarin bireysel uygulamala-
ra gore daha yiiksek bir etkinlik gosterdigi belirlenmistir. Pek ¢ok depo zararlisina
kars1 baz1 entomopatojen funguslarin DT ile kombinasyon halinde degerlendiril-
mesine ragmen (Kavallieratos ve ark., 2006; Athanassiou ve Steenberg, 2007; Riasat
ve ark,. 2011), C. maculatus iliskili bu tip ¢alisma sayist oldukga kisithidir (Abdelga-
leil ark., 2021; Gad ve ark., 2021; Ozdemir, 2023). Abdelgaleil ve ark. (2021) tara-
findan yapilan bir calismada, bireysel olarak en yiiksek dozda uygulanan DT (1000
mg/kg) ve T. harzianum (1x 107 spor/kg)un C. maculatus ve C. chinensis (L.)e
karst 7. giiniin sonunda %90'nin altinda bir etkinlik gosterirken, ayni boceklere
DT (1000)+ T. harzianum (1x107) ve kaolin (KA) (1000 mg/kg) + T. harzianum
(Ix107)’un en yiiksek dozdaki ikili kombinasyonlarinin %100 6liime neden oldu-
gunu ve 7 giin icinde en yiiksek etkinligi gosterdigini ortaya koymuslardir. Gad ve
ark. (2021) benzer bir ¢aligmada, DT, spinosad (SP), T. harzianum’un C. maculatus
ve C. chinensise kars1 bireysel olarak kullanimina gore ikili ve {iglii kombinasyonlar
halinde uygulanmasinin daha yiiksek bir etkinlik gésterdigini belirtmistir. DE (500
mg/kg) + T. harzianum (1 x 10° spor/kg)’un ikili kombinasyonu her iki bocekte de
%383,1 ve %85,7 oraninda bir 6liime meydana getirirken, {i¢liit kombinasyonun en
yiiksek uygulama oraninda [DE (500 mg/kg) + SP (0,5) mg/kg) + Th (1 x 10° spor/
kg)] her iki bocekte de %100 oliimle sonuglanmistir. Benzer amagla, Ozdemir
(2023) tarafindan ytriitiilen bir ¢alismada, DT, T. asperellum, ve B. bassiana birey-
sel olarak ve kombinasyon halinde C. maculatus kars1 nohutlara uygulanmis, DT
(800 mg/kg) + BB (1 x 10*spor/kg) ve DT (800 mg/kg) + T. asperellum (1 x 10° mg/
kg)’nin ikili kombinasyonlar1 en yiiksek etkinligi gostererek uygulamadan sonra
sirastyla 6. glinde ve 7. glinde %100 dliime sebep olmustur. Daha 6nce yiiriitiilen
tiim ¢alismalar g6z 6niinde bulundurularak, DT iceren iki ve tiglii kombinasyonlar
bireysel uygulamalara gore daha yiiksek bir etkinlik gosterdigi belirlenmis olup,
bizim ¢aligmalarimizin sonuglariyla uyumluluk gostermektedir.

Bizim ¢alismamizdaki Th ve Manin 1x10® spor/mL dozda bireysel uygula-
malarindan elde edilen bulgulara gore, bu izolatlarin 8. glinlin sonunda sirasiyla
%52,5 ve %87,5 oraninda bir 6liime sebep oldugu bulunmustur. Ozellikle Tri-
choderma tiirlernin viriillensliginin bireysel olarak diisiik oldugu literatiirde go-
riilmekte olup (Abdelgaleil ark., 2021; Gad ve ark., 2021; Ozdemir, 2023), bizim
caligmamizla uyum gostermektedir. Fakat bu kapsamda C. maculatus’a kars: farkl
Ma izolatlariyla ilgili birka¢ ¢alisma 6nemli bir viriilenslik bildirmistir. Ma'ya ait
farkli izolatlar farkli konsantrasyonlarda (1.9x107, 9.8x106, 2.4x107, 2.6x10® ve
1.2x10® konidi/mL), Mahdneshin ve ark. (2011) tarafindan C. maculatus erginle-
rinde 11. giin sonunda yaklasik olarak % 20-80 arasinda 6liim meydana getirdigi
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saptanmustir. Benzer sekilde, Ozdemir ve ark. (2020) C. maculatus erginleri izerine
puskiirtillerek uygulanan Ma izolatinin 1x 10® spor/mL dozunda 26 °C de 7. giin
sonunda %100 6lime neden oldugu tespit edilmistir. Bu ¢aligmada kullanilan ve
en etkili oldugu belirlenen Ma izolati, bahsedilen 6nceki ¢aligmalarla karsilagtiril-
diginda 6nemli bir etkinlik gosterse de, zararlinin erginleri tizerindeki virtilens-
ligi dozlara bagli olarak uygulamadan sonra her gegen giin arttig1, ancak genelde
tatmin edici bir 6lim oraninin ge¢ ve ergin bocegin dmriiniin sonlarma dogru
ortaya ¢iktig1 goriilmektedir. Dolayisiyla, bu izolatin DT ile en yiiksek dozdaki ikili
kombinasyonu [DT (800) + Ma (1 x10%)] uygulamadan 5. glin sonra %100 6lim
meydana getirmis ve dolayisryla DT ile Ma izolatinin kabul edilebilir bir sinerjist
etki gosterdigi gozlenmistir.

SONUC

Bu calismada Ma, Th ve DT nin bireysel ve ikili kombinasyonlari test edilmis-
tir. Ma veya Th'nin DT ile birlikte kullanildig1 uygulamalar, C. maculatus’a karsi
artan insektisidal etkinlikle sonuglanmuistir. Azalan uygulama oranlarina ragmen
zararliya karg1 umut verici potansiyele sahip etmenler, ikili kombinasyonlarda ka-
bul edilebilir sonuglar ortaya koymustur. Bu ¢alisma DT nin uygulama oranlarinin
azaltilmasina yardimci olabilecek bu umut verici bir yaklagimi ortaya koymakla
birlikte uzun siireli depolama kosullarinda C. maculatus’a kars1 pratik olarak kulla-
nilabilecek bir yontem i¢in daha fazla arastirma yapilmasini tegvik edebilir.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atigmasi olmadigini beyan eder.

Etik

Bu ¢aligma etik kurul onay1 gerektirmez.
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DEVELOPMENT OF LERF AREA MODEL IN CHOKEBERRY
PLANT GROWN IN DIFFERENT IRRIGATION WATER QUALITY

ABSTRACT

Chokeberry is a berry fruit species that has grown in the world in a few deca-
des, and it is used in many fields, especially in the pharmaceutical industry. There
needs to be a study examining the relationship between leaf area and irrigation
water quality in this species, whose cultivation has started to increase. In this study,
which was carried out between 2021 and 2022, the effects of irrigation water qu-
ality on leaf area in 1-year-old chokeberry plants of the ‘Viking’ variety grown in
peat and soil media were determined. Irrigation water with 0.65 dS m™ (Control),
2dS m™, 4dS m™, 8dS m, and 10dS m™ electrical conductivity were used in the
study. A model was developed in this study to estimate leaf area (LA) using leaf wi-
dth (W) and leaf length (L) values to determine leaf area. The proposed prediction
model was determined as (R*= 0.99). Three-dimensional graphs of the developed
models were drawn, and the changes in leaf width, length, and leaf area values aga-
inst irrigation water salinity were determined. As a result, it was determined that
there was a negative relationship between the electrical conductivity of irrigation
water and leaf width, length, and area values.

Keywords: Aronia Melanocarpa, Leaf Area, Modeling.

e 2k

FARKLI SULAMA SUYU KALITESINDE YETISEN ARONYA
BITKISINDE YAPRAK ALAN MODELININ GELISTIRILMESI

Oz

Aronya, basta ila¢ sanayi olmak iizeri bir¢ok alan da kullanilmasiyla birlikte
diinyada son ylizyilda yetistirilmeye baslanmis tiztimsii bir meyve tiiriidiir. Yetisti-
riciligi artmaya baslayan bu tiirde yaprak alani ile sulama suyu kalitesi arasindaki
iligkiyi inceleyen bir ¢aligmaya ihtiya¢ bulunmaktadir. 2021-2022 yillar1 arasinda
yiiriitillen bu ¢alismada, torf ve toprak ortamlarinda yetistirilen 1 yash ‘Viking’ ¢ce-
sidine ait aronya bitkilerinde sulama suyu kalitesinin yaprak alani tizerine etkileri
belirlenmistir. Caligmada kontrol (0.65 dS m™), 2dS m™, 4dS m™', 8dS m™ ve 10dS
m' elektriksel iletkenlige sahip sulama sular1 kullanilmistir. Kalite parametrele-
rinden biri olan yaprak alanini belirlemek amaciyla bu ¢alismada yaprak en (W)
ve yaprak boy (L) degerlerini kullanarak yaprak alanimi (LA) tahmin etmek icin
bir model gelistirilmistir. Onerilen tahmin modeli (R?= 0.99) olarak belirlenmistir.
Gelistirilen modellerin ii¢ boyutlu grafikleri ¢izilerek yaprak en, boy, yaprak alan
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degerlerinin sulama suyu tuzlulugu karsisindaki degisimleri belirlenmigtir. Sonug
olarak sulama suyunun elektriksel iletkenligi ile yaprak en, boy ve alan degerleri
arasinda negatif iliski oldugu tespit edilmistir.

Anahtar Kelimeler: Aronia Melanocarpa, Modelleme, Yaprak Alani.

%

1. INTRODUCTION

Chokeberry is an essential fruit with its rich nutrient content. It is a newly int-
roduced species in Tiirkiye, and its popularity is increasing. Its high vitamin, mine-
ral, antioxidant, anthocyanin, and phenolic compounds allow chokeberry to treat
some metabolic diseases (Engin et al., 2018). Thanks to its bioactive compounds,
chokeberry is used in the pharmaceutical industry as fresh or processed.

Leaf area is an important physiological input that plays a role in the plant’s phy-
siological events, such as photosynthesis, transpiration, and evapotranspiration,
and affects the yield and quality parameters of the plant (Smith and Kliewer, 1984;
Cemek et al,, 2011). Leaf area can be measured directly in the field or determined
more effortlessly using estimation models (Robbins and Pharr, 1987). Building a
multiple linear regression model (MLR) using easy-to-measure leaf width and len-
gth parameters is the most valuable and common approach to determining leaf
area (Rouphael et al., 2010). This approach allows us to obtain results effortlessly
and without destroying the plant, using fewer inputs and saving time. Accordingly,
different leaf area estimation models have been developed for various crops, inc-
luding pickling cucumber (Robbins and Pharr, 1987), blueberry (NeSmith, 2006;
Odabas et al., 2022), banana (Potdar and Pawar, 1991), white mulberry (Satpathy
et al,, 1992), pecan (Sparks, 1996), avocado, lotus plum, persimmon, kiwi, eggp-
lant, pepper, grape, blackcurrant, pumpkin, raspberry and blackberry (Uzun and
Celik, 1999), sweet cherry (Demirsoy and Demirsoy, 2003), peach (Demirsoy et al.,
2004), strawberry (Demirsoy et al., 2005), chestnut (Serdar and Demirsoy, 2006),
faba bean (Odabas and Giiliimser, 2005; Peksen, 2007), kiwifruit (Mendoza-de Gy-
ves et al., 2007), hazelnut (Cristofori et al., 2007), medlar (Mendoza-de-Gyves et
al., 2008), persimmon (Cristofori et al., 2008), coffee (Antunes et al., 2008), corn
(Sezer et al., 2009; Oner at al., 2011), grapevine (Miguel et al., 2011; Tsialtas et al.,
2008), citrus (Mazzini et al., 2010), apple (Sala et al., 2015), walnut (Keramatlou et
al,, 2015), apricot (Cirillo et al., 2017), cacao (Salazar et al., 2018), loquat (Teobal-
delli et al., 2019), pear (Oztiirk et al., 2019), bell pepper (Cemek et al., 2020), paddy
(Oner and Odabas, 2023) and echinacea (Oner et al., 2023).
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Plant-based modeling and coeflicients are essential for the accuracy of the equ-
ation (Oztiirk et al., 2019). The physiological responses of plants grown under dif-
ferent conditions differ from each other. Chokeberry plants grown under different
irrigation water quality conditions have different leaf area values. Although leaf
area estimation has been done in many plants, no model has been developed for
the chokeberry plant. Therefore, the prediction model developed for the chokeber-
ry plant is crucial to close this gap.

This study aims to close this gap by developing the leaf area model of the
chokeberry plant, which develops in different irrigation water quality and
growing medium.

2. MATERIAL AND METHOD

The study was conducted in a greenhouse of Samsun Ondokuz Mayis Univer-
sity, Faculty of Agriculture, between 2021 and 2022. Viking variety chokeberry
plants were grown in 15 L capacity pots in two growing mediums (soil and peat)
with five irrigation water qualities. The soil was analyzed at Ondokuz May1s Uni-
versity, Faculty of Agriculture, Department of Soil Science and Plant Nutrition
(Table 1). The peat used is standard seedling peat with a pH of 6 and 1.5 g fertilizer
per liter (Klasmann TS1°).

Table 1. Characteristics of the soil used in the experiment.

Saturation” Structure pH EC" CaCO,; OM" N P" Ca™ Mg™ K™ N

51 Loamy 7.77 0.32 2.05 2.65 0.08 20.5 3237 1448 041 0.95
0 9%; " (dS m™); 7 ppm; "7 Mek/100g

The effects of 5 different irrigation water qualities such as T-K (control subject,
0.65dS m™), T-2 (2dS m™), T-4 (4dS m™), T-8 (8dS m™) and T-10 (10dS m™) on
chokeberry plants were investigated.

Irrigation water was prepared using three different salt mixtures. For this
purpose, 99% pure MgSO,, 99% pure CaCl,, and 99.5% pure NaCl salts with high
water solubility were used. The required electrical conductivity (EC) value for each
treatment subject was determined in the QBASIC computer program with a Sodi-
um Adsorption Ratio (SAR) <5 and Ca/Mg ratio 1/1. The amounts of salt used per
1L of water according to the application subjects are given in Table 2.
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Table 2. Amounts of salts to prepare 1L of water solution.

EC NaCl MgSO, CaCl,
2dS m* 0.56 0.45 0.31
4dS m™! 0.87 1.75 0.75
8dS m* 150 5.00 1.75
10dS m™* 2.00 6.12 2.50

After harvest, leaf samples were taken for each subject (3 replicates) to determi-
ne the effect of different irrigation water qualities. Leaves were fixed on A4 paper
and scanned into a computer. The areas of the scanned leaves were determined
according to Tunca et al. (2018). The widest part of the leaf base (W) and the
part along the midrib from the tip to the petiole (L) were measured to create a
model. For all treatments, 70% of the data were used for model analysis and 30%
for model validation.

A model for multiple linear regressions (MLR) was constructed to estimate
the leaf area of chokeberry for all irrigation water treatments. Microsoft Office
2015 Excel Package Program was used to create the MLR model. MLR analysis was
performed using irrigation water salinity, leaf width, length, and leaf area values.
Three-dimensional graphs of the estimated models were drawn with the Slide Wri-
te Version 2.0 package program, and the variables’ interactions were determined.

3. RESULTS AND DISCUSSION

Descriptive statistics values of leaf width, length, and area values obtained for
the leaf area estimation model of chokeberry plants grown in the soil medium are
given in Table 3. Leaf width values varied between 1.2 (T-10) and 6.30 cm (T-2)
in training data and between 1.60 (T-8) and 6.7 cm (T-K) in test data. Leaf length
ranged from 2.40 to 9.40 cm in training data and 2.70 to 9.20 cm in test data. The
highest leaf area value was obtained from the control plants, with 46.80 cm? in
training data and 39.25 cm® in test data.
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Table 3. Descriptive statistics of leaf width, length, and area data of chokeberry
plants grown in soil.

Training
Leaf width (W)(cm) Leaf length (L)(cm) Leaf area (LA)(cm?)
Treatment Mean+SD max min  Mean+SD  max min Mean=SD max min
T-K 5.54+1.25 6.27 291 8.65+0.71 9.20 7.20 35.14+5.78 46.80 23.63
T-2 4.69+0.87 6.30 3.49 7.31+1.50 9.40 5.40 27.54+9.03 41.30 17.02
T-4 4.40+1.17 6.27 2.84 7.19+1.30 8.88 4.85 25.20+9.42 38.46 12.06
T-8 2.61+0.65 3.81 1.87 4.19+0.96 5.88 3.14 9.12+4.35 17.82 5.20
T-10 2.31+1.02 4.72 1.20 3.85+1.49 7.31 2.40 8.12+7.25 27.73 3.08
Testing
Leaf width (W)(cm) Leaflength (L)(cm) Leaf area (LA)(cm?)
Treatments Mean+SD max min  Mean+SD  max min Mean+SD max min
T-K 5.41+0.69 6.70 4.78 8.11+0.58 9.07 7.31 30.83+5.58 39.25 22.89
T-2 4.50+1.09 5.80 324 7.58+1.29 9.20 5.79 26.64+8.67 37.40 15.85
T-4 4.17+0.84 5.42 343 6.90+1.34 8.58 5.50 23.11+7.81 34.94 15.96
T-8 2.61+0.71 3.66 1.60 4.64+0.89 5.90 3.20 10.15+4.02 16.42 3.70
T-10 2.24+0.55 3.13 1.70 3.54+0.99 5.16 2.70 6.54+3.48 12.16 3.50

For the plants grown in the peat medium, the lowest leaf width value was ob-
tained in T-10 treatment with 0.96 cm, and the highest leaf width value was ob-
tained in T-K with 8.19 cm in the training data (Table 4). The leaf length value
varied between 3.2 (T-10) and 12.46 cm (T-K). Leaf area ranged from 2.64 (T-
10) to 73.06 cm (T-K).
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Table 4. Descriptive statistics values of leaf width, length, and leaf area data of
chokeberry plants grown in peat.

Training

Leaf width (W)(cm) Leaf length (L)(cm) Leaf area (LA)(cm?)

Treatments
Mean+SD max min MeantSD max min Mean+SD max  min

T-K 6.51£1.02 8.19 4.83 9.56+1.41 1246 691 48.11+12.76 73.06 30.04
T-2 6.06£0.49 7.02 523 8.73x0.70 10.42 8.10 40.35+5.97 53.33 33.59
T-4 5.85+0.90 7.52 4.46 8.28+0.81 943 6.87 37.65+£8.21 52.65 24.56
T-8 3.13£0.78 4.55 1.88 5.36%+1.02 7.66 3.49 13.04+4.54 2290 7.31
T-10 2.40+0.63 3.70 096 4.21+0.48 4.95 3.20 7.92+1.97 10.86 2.64
Testing
Leaf width (W)(cm) Leaf length (L)(cm) Leaf area (LA)(cm?)
Treatments

Mean+SD max min Mean+SD max min Mean+SD max  min

T-K 6.55+0.47 7.12 580 8.95+0.80 9.88 7.78 45.73+7.68 51.65 35.94
T-2 5.60+£0.75 6.44 430 7.53+0.97 859 597 34.81+6.81 42.73 24.08
T-4 5304048 570 4.40 7.62+0.89 8.90 6.34 31.97+£7.27 4225 2021
T-8 2.86+0.53 3.56 233 4.73x1.17 6.04 3.18 10.12+3.26 13.83 7.02
T-10 1.87+0.66 2.68 095 3.19+0.59 3.85 2.20 5.24+2.29 786 191

The relationships between leaf width, length, and area parameters were analy-
zed with three-dimensional graphs for plants grown in the soil (Figure 1) and peat
mediums (Figure 2).
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Figure 1. Relationships between leaf area and leaf width-irrigation water salinity
(a), leaf area and leaf length-width (b), leaf area and irrigation water salinity- leaf
length (c) in aronia plants grown in soil medium.

Figure 2. Relationships between leaf area and leaf width-irrigation water salinity
(a), leaf area and leaf length-width (b), leaf area and irrigation water salinity- leaf
length (c) in aronia plants grown in peat medium.

https:/doi.org/10.7161/omuanajas 1419318 d



Development of Leaf Area Model in Chokeberry Plant Grown...

Effect of irrigation water salinity and leaf width on leaf area (Model 1 (Figure
1a, Figure 2a)): In this model, the effect of increasing irrigation water salinity and
plant width on leaf area was determined. Increasing leaf width caused an increase in
leaf area at all irrigation water salinity values in both soil (Figure 1a) and peat (Figure
2a). The highest leaf area value was obtained at low salinity and high leaf width values.

Effect of leaf width and leaf length on leaf area (Model 2 (Figure 1b, Figure
2b)): In this model, the effect of change in leaf width and leaf length on leaf area
was examined. In Figure 1b, leaf area increased with increasing leaf width and leaf
length values in the soil medium. In parallel, the highest leaf area value was obtai-
ned at higher leaf width and length values in peat medium (Figure 2b).

Effect of leaf length and irrigation water salinity on leaf area (Model 3 (Fi-
gure 1c, Figure 2c)): In this model, the effect of change in leaf em and irrigation
water salinity on leaf area was determined. An increase in leaf length leads to an
increase in leaf area at all irrigation water salinity values in both soil (Figure 1c)
and peat (Figure 2c). The highest leaf area value was obtained at low salinity and
high leaf length values.

The leaf area values modeled with MLR were compared with the calculated
values. The prediction graph of the models for chokeberry plants grown in soil
is given in Figure 3, and the predictions for chokeberry plants grown in peat are
given in Figure 4.
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Figure 3. Comparison of leaf area of aronia plants grown in different irrigation water
quality and soil with the values estimated from multiple linear regression analysis.
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When the models created for leaf area estimation were examined, R? values
ranged between 92 and 97% in the soil medium (Figure 3). In the peat medium
(Figure 4), R* values ranging between 95 and 96% were obtained.
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Figure 4. Comparison of leaf area of aronia plants grown in different
irrigation water quality and peat with the values estimated from multiple
linear regression analysis.

The relationships between irrigation water availability and leaf width, length,
and area determined by MLR for chokeberry plants grown in soil and peat media

are given in Table 5.

https:/doi.org/10.7161/omuanajas 1419318 d



Development of Leaf Area Model in Chokeberry Plant Grown...

Table 5. Relationships between leaf width, length, irrigation water salinity, and
leaf area determined by MLR of chokeberry plant grown in peat and soil medium.

Model 1

Model 2

Soil

Model 3

Relationship between irrigation
water salinity and leaf width with
leaf area

Relationship between leaf width
and leaf length with leaf area

Relationship between leaf length
and irrigation water salinity with
leaf area

LA=-14.201+0.596xEC-0.207=ECxW+9.030:W
SE=(2.68) (0.31) (0.07) (0.51)

R*=0.96

LA=2.86+4.448xW-+0.33x1>-1.496xL.

SE=(1.26) (0.30) (0.03) (0.50)

R=0.99
LA=-19.225+6.376xL-0.168xLxEC+0.919xEC
SE=1(3.22) (0.39) (0.05) (0.37)

R*=0.95

Model 1

Model 2

Peat

Model 3

Relationship between irrigation
water salinity and leaf width with
leaf area

Relationship between leaf width
and leaf length with leaf area

Relationship between leaf length
and irrigation water salinity with
leaf area

LA=-23.155+1.901 xEC-0.58 Ix ECxW+11.166xW
SE=(4.25) (0.46) (0.09) (0.66)

R*=0.96
LA="9.635+2.73xW+0.04x W< L+2.326xL

SE= (1.46) (0.45) (0.004) (0.31)

R*=0.98

LA=-28.945+2.488xEC-0.052x EC*xL+7.727xL

SE=(6.77) (0.98) (0.01) (0.62)

R*=0.94

The performance of the models developed for LA estimation in chokeberry
with L and W inputs is relatively high (Table 5). It is seen that there is no signifi-
cant difference between the calculated and estimated LA values in all models. It
is seen that the values obtained are also consistent with previous studies. In some
horticultural crops, R? values were calculated as 0.9975 in peach (Demirsoy et al.,
2004), 0.993 in strawberry (Demirsoy et al., 2005), 0.988 in chestnut (Serdar and
Demirsoy, 2006), 0.987 in pear (Oztiirk et al., 2019), 0.982 in hazelnut (Cristofori
etal., 2007). Cemek et al. (2020) estimated the leaf area with an accuracy of 0.99-
0.96 (R?) in bell pepper under different irrigation regimes and stress conditions.
Also, they reported that irrigation water salinity caused a decrease in leaf area
(Cemek et al., 2020). In another study, Bozkurt and Mansuroglu (2019) stated that
water restriction applications reduced leaf area in their study. Our results from
coincide with the previous studies that increase in irrigation water salinity caused
a decrease in leaf area.
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4. CONCLUSION

According to the results, the increase in the applied irrigation water salinity
causes a decrease in leaf area. Leaf width, length, and area values of chokeberry
showed changes concerning each other with the applied salt concentrations. Mo-
dels with high accuracy levels were developed to estimate the chokeberry plant’s
leaf area by measuring leaf width and length values without damaging the plant.
The relationship between leaf area, leaf width, and length values for peat and soil
media (model 2) can be used reliably for chokeberry leaf estimation. In this model,
leaf area can be estimated using the equation. This model allows leaf area determi-
nation without the need to measure leaf area in the field with expensive methods
that require more time and effort.
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